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1. INTRODUCTION

Livestock production is the backbone of Indian agriculture and plays a key
role in providing employment especially in rural areas. Fodders are a group of crops
which differ from food and commercial crops as they are primarily grown for the
fresh green vegetative biomass. India has 15 per cent of world cattle population and
there is tremendous pressure of livestock on available feed and fodder, as land
available for fodder production has been decreasing. Presently, it is estimated that
only 4.4 per cent of the total cropped area is devoted to fodder production
(GOI, 2019). Feed and fodder constitute about 60 to 70 per cent of cost of milk
production (Meena et al., 2020), thus cultivated fodder plays an important role in
meeting requirement of various nutrients and roughage in our country to produce

milk most economically as compared to concentrates.

Dairy production is an important subsidiary and complimentary farming
activity widely adopted in Kerala especially as a part of homestead farming system.
The livestock census data from 1996 to 2012 showed a drastic reduction in cattle
population (GOK, 2014). The major factor behind this reduction include scarcity
of cheap and quality fodder, rapid increase in the price of feed and feed ingredients,
diminishing grazing land and urbanization. Among these, availability of cheap and
quality feed is a major issue. Considering the fodder crop production scenario in
Kerala, the cultivated area under fodder in Kerala is only 5227 ha. The fodder
requirement in the state is 232.0 mt whereas the availability is only 94.5 mt, with a
deficit of approximately 60 per cent (137.5 mt) (GOK, 2020). The major reason
behind the scarcity of fodder in Kerala may be due to fragmentation of land and
shift in cropping pattern from food crops to cash crops.

Fodder trees and shrubs constitute a potential source of protein for
ruminants in the tropics. But these feed resources have been generally ignored in
feeding systems for ruminants, mainly because of inadequate knowledge on
nutritional quality of fodder. In difficult environmental conditions, where the
available grazing is not sufficient to meet the maintenance requirements of animals

for part of the year, the contribution from trees and shrubs is significant. Tree



fodders contain high levels of crude protein and minerals and many show high
levels of digestibility. They are readily accepted by livestock and presumably
because of their deep-root systems, they continue to produce well into the dry
season. At the same time, there are certain anti-nutritional factors like oxalate,
nitrate, tannin etc. present in fodder trees that interfere with feed utilization and
affect animal health and reproduction.

Bajra Napier hybrid is an introduced fodder grass, which has gained
popularity among dairy farmers, as compared to the other introduced grasses, this
grass is well adapted to the agroclimatic situations of Kerala, because of its quick
growth, palatability, high nutritive quality and herbage yield (Antony, 2012).

Agathi (Sesbania grandiflora) is a leguminous nitrogen fixing fodder tree
that grows well under tropical warm humid climate, it is a rich source of various
minerals and vitamins. The leaves contains 25-30 percent crude protein, 30 mg
phosphorus, 184 mg potassium, 15 mg sodium and 9600 IU vitamin A in every 100
g and it is an important food supplement for cattle. The tree produces leaves for

fodder within four months of establishment.

Fresh foliage of drumstick (Moringa oleifera) can be included into the diet
of different animals and it is able to produce and maintain high biomass yields over
the years. Annually, drumstick can produce more than 100-120 tonnes of green
fodder per hectare in four to five cuttings, sufficient enough for feeding 18 to 20

animals under mixed feeding system (Mithare, 1995)

Erythrina (Erythrina indica) is a multipurpose tree, often used in
agroforestry systems. It can be lopped for fodder, as its foliage has a relatively high
protein content that makes it an excellent feed for most livestock. They help
in maintaining soil moisture under their canopy and improve microbial activity.
Erythrina as a fast growing nitrogen fixing legume particularly useful for soil

enrichment. It nodulates readily and prolifically, in both acid and alkaline soils

Silvi-pastoral system with suitable species of trees and grasses help in
increasing the land productivity and also maintain environmental potentialities.

Moreover, deep root system of trees bind the soil, reduces erosion and extracts



moisture from deeper strata of the soil. Apart from being a source of nitrogen
supplement, tree legumes also reduce soil erosion, improve soil water conservation,
suppress weed growth, replenish soil fertility and provide additional products such
as fuel. Trees help in augmenting biodiversity, improve microclimate and support
threatened soil micro flora and fauna, animals and birds providing them forage, feed
and habitat.
Intercropping of top feeds with grasses provides many ecosystem services.
Global climate change caused by rising levels of carbon dioxide (CO3) and other
greenhouse gases is recognized as a serious environmental issue of the twenty-first
century. Between 2000 and 2010, the atmospheric CO> levels have increased from
369 to 388 mg kg, a 5.1 per cent increase over the past 10 years (Turnbull et al.,
2011). It has been increasingly recognized that agroforestry practices such as
silvopastural system has much importance in mitigating climate change effect
because of high carbon storage potential (Nair and Nair 2003). Adapted tree-grass
combinations can make a valuable contribution to forage production and carbon
sequestration. But knowledge of the interaction effects between fodder trees and
grasses on their production is limited. In this background the present study was
undertaken with the following objectives.
e To standardize the optimum plant population for higher green forage yield,
quality and carbon sequestration potential.
e To assess the performance of different plant species as top feeds under sole
and intercropping system.
e To assess the quality of predominant fodder trees and shrubs of southern

Kerala.



1. REVIEW OF LITERATURE

An experiment was entitled “Performance and carbon sequestration
potential of top feeds under varied planting geometry” was conducted at College of
Agriculture, Vellayani to standardize the optimum plant population for higher green
forage yield, quality and carbon sequestration potential and to assess the
performance of different plant species as top feeds under sole and intercropping
system. The study also envisages to assess the quality of predominant fodder trees
and shrubs of southern Kerala. The available studies that are directly or indirectly
related to the topic of research from various sources are reviewed in this chapter.

2.1 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
BIOMETRIC AND YIELD ATTRIBUTES OF TOP FEEDS
2.1.1 Number of Branches

A study conducted by Rivest et al. (2010) reported that the number of
branches of poplar tree increased by 1.5 times when it was intercropped with
soybean. A study regarding effect of spacing and intercropping on the growth of
Jatropha curcas was conducted by Subbulakshmi et al. (2019) and the result
revealed that there was an increase in number of branches of the tree from 13.3 to
14.4 when it was intercropped with cow pea.

The study conducted by Karthikeyan et al. (2018) regarding compatibility
studies of fodder crops with Melia dubia and observed that the number of branches
of Melia dubia was increased in intercropping system than that of Melia dubia
monocropping. They have also mentioned that Melia dubia + hedge lucerne
intercropping system recorded significantly higher number of branches (6.25) than
that of Melia dubia monocropping (5.79).

2.1.2 Leaf Stem Ratio

Among different spacing treatments, cassava with wider spacing of 1.5 m x
1.5 m recorded more leaf stem ratio than that of 0.8 m x 0.8 m spacing (Streck et
al., 2014). A study conducted by Patric et al. (2020) on productivity of tree fodders



in typical home garden of central Kerala found that leaf stem ratio of agathi was
1.09 and that of drumstick was 0.66.
2.1.3 Green Fodder Yield

Significantly higher green fodder yield of 3.85 t ha™ was noticed by cowpea
when it was intercropped with Guinea grass (Anita et al., 2011). Susheela et al.
(2020) observed that significantly highest green fodder yield (508.93 ¢ ha) was
obtained when subabul (Leucaena leucocephala) was intercropped with Bajra
Napier hybrid (Pennisetum glaucum x P. purpureum) and desmanthus
(Desmanthus virgatus). Murali et al. (2022) recorded significantly higher green
fodder yield for sesbania when it was intercropped with Bajra Napier hybrid.

Thomas et al. (2021b) observed that among different agathi (Sesbania
grandiflora) based fodder production systems, significantly higher green fodder
yield of agathi was noticed when it was intercropped with rhodes grass under 2:2
row proportion (18.78 t ha). However, intercropping agathi with congosignal grass
under 2:2 row proportion recorded significantly lowest green fodder yield of 10.24
thal.

2.1.4 Dry Matter Yield

Mwangi (1999) showed higher total dry matter yield of Napier grass +
legume intercrop than sole Napier grass. A study conducted by Raj et al. (2016) to
assess the forage yield and nutritive value of intensive silvopasture systems under
cut and carry systems in humid tropics of Kerala reported that among different
combinations of silvopastoral systems, significantly higher dry matter yield of
31.49 t ha was noticed for 2-tier grass tree plots (Bajra N hybrid + mulberry +
calliandra) followed by Bajra Napier hybrid monoculture (30.18 tha™?).

Thomas et al. (2021b) observed that among different agathi based fodder
production systems, significantly highest dry matter yield of agathi was noticed
when it was intercropped with rhodes grass under 2:2 row proportion (4.62 t ha™®)
and intercropping agathi with congo signal grass under 2:2 row proportion was

recorded with significantly lowest dry matter yield of 2.55 t ha™.



2.1.5 Dry Matter Content
Raj et al. (2016) noticed that the dry matter content of fodder trees, ie.,
Leucaena leucocephala, Calliandra calothyrsus and Morus indica ranged from 27

to 34 per cent when compared to fodder grass (13.33%).

2.2 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY OF
TOPFEEDS ON BIOMETRIC AND YIELD ATTRIBUTES OF BAJRA NAPIER
HYBRID

2.2.1 Plant Height

Bajra Napier hybrid, showed an increase in height when intercropped with
fodder cowpea (Jayakumar, 1997). Kumari et al. (2008) reported that Bajra Napier
hybrid when intercropped with drumstick recorded significantly higher plant height
than that of sole cropping system. Bakhashwain (2010) pointed out that the plant
height of rhodes grass decreased when the proportion of alfalfa was increased in the
rhodes grass-alfalfa mixture. Kimura (2018) found that the switch grass (Panicum
virgatum) in the monoculture grew 16 cm taller than that of intercropping with
poplar tree.

According to Buxton (2001), plant height of shade adapted forage crops
were greater than those grown in open conditions. A study was conducted by
Nadeem et al., (2010) on growth performance of various grass-legume mixtures
and revealed that oats + vetch mixture recorded significantly higher plant height of
82.3 cm than barley + vetch mixture (70.23 cm). Thomas et al. (2021a) reported
that plant height did not show any significant effect with respect to different grass
based fodder production system in first year, however intercropping Bajra Napier
hybrid with agathi in paired row recorded significantly higher plant height in second
year (168 cm) and third year (181 cm).

Bhatti et al. (1985) observed that Napier grass planted at a spacing of
50 cm x 50 cm recorded higher plant height compared to wider spacing of 60 cm x
60 cm and 70 cm x 70 cm. Wijitphan et al. (2009) revealed that plant height of

Napier grass was increased with plant population. Sharu (2016) revealed that



palisade grass planted at a narrow spacing of 60 cm x 30 cm produced higher plant

height compared to wider spacing of 60 cm x 40 cm and 60 cm x 60 cm.

2.2.2 Number of Tillers

Jayakumar (1997) revealed that Bajra Napier hybrid produced more number
of tillers when intercropped with legumes in paired rows. Mariotti et al. (2009)
reported that among different grass-legume mixtures barley-vetch mixture,
produced higher number of tillers/branches. The fodder legumes Stylosanthes cv.
seca and siratro planted in double rows had no significant advantage over single
rows and did not benefit the tiller number of the fodder grasses such as Napier grass
and giant panicum (Njarui et al., 2007). Alalade et al. (2013) also opined that
significantly higher number of tillers was noticed in guinea grass when it was

intercropped with Stylosanthes hamata.

According to Velayudham et al. (2011), adoption of wider spacing of
60 cm x 50 cm recorded more number of tillers in Bajra Naapier hybrid than that
of narrow spacing at 50 cm x 50 cm. Moreover, Manjunatha et al. (2013) opined
that perennial fodder sorghum planted with a wider row spacing of 60 cm produced
more number of tillers than 45 cm or 30 cm. Adoption of wider spacing of 60 cm x
60 cm produced maximum number of tillers than narrow 60 cm x 40 cm and

60 cm x 30 cm spacing treatments in palisade grass (Sharu, 2016).

2.2.3 Leaf Stem Ratio

Jayakumar (1997) reported that intercropping BN hybrid with cowpea and
lablab bean did not show any significant effect on Leaf: Stem (L: S) ratio of the
grass whereas, BN hybrid sole cropping recorded highest L: S ratio. Shivprasad and
Singh (2017) reported that growing fodder sorghum at 30 cm spacing recorded
more leaf: stem ratio than that of 20 cm. A three year experiment was conducted by
Thomas et al. (2021a) regarding production potential of grass based fodder
production systems in the humid tropics of Kerala and the results revealed that

L: S ratio was highest when BN hybrid was grown as a sole crop in first year (1.89)



and third year (1.45). However Guinea grass in paired row + Agathi noticed

significantly highest value in second year (3.51).
2.2.4 Tussock Diameter

Choudhary et al. (2012) noticed that the tussock diameter of Guinea grass
was significantly superior when it was intercropped with mulberry followed by

Guinea grass+ Terminalia myriocarpa.
2.2.5 Green Fodder Yield

According to Jayakumar (1997) Bajra Napier hybrid planted in paired row
and intercropped with fodder cowpea and lablab bean recorded maximum green
fodder yield compared to their sole crop. Susheela et al. (2015) revealed that
intercropping of Subabul+ Bajra Napier hybrid + Desmanthus at 3:1 ratio recorded
the highest green fodder yield (508.93 q hat) followed by subabul+ Bajra Napier
hybrid + stylo (501.90 g ha') and subabul+ Bajra Napier hybrid (450.23 g ha'l).

Under tropical conditions of Kerala, Bajra Napier hybrid + Stylosanthes
mixture produced higher herbage yield than sole stand of Bajra Napier hybrid. The
mixed stand of species produced 73.59 and 128.71 per cent more green and dry
fodder yields, respectively over sole stand of Bajra Napier hybrid (Lakshmi et al.,
2002). Chauhan et al. (2014) observed that Bajra Napier hybrid planted in between
Leucaena leucocephala rows produced 137.5 t ha® of green fodder yield which was
at par to the yield in open (128.7 t ha*). Thomas et al.(2021a) noticed that among
different agathi based fodder production systems, intercropping agathi with setaria
in 2:2 row proportion recorded significantly highest green fodder yield of intercrop
(44.14 t ha™).

The beneficial effect of Napier grass when inter cropped with subabul was
recorded by Mureithi et al. (1995) and the study also reported an increase in yield
of Napier grass when planted adjacent to subabul hedge rows than sole napier grass
or Napier grass grown away from subabul. George (1996) recorded a green fodder

yield of 58 t ha* for guinea grass (Megathyrsus maximus) grown in coconut garden.



Olanite et al. (2004) found that among different grass-legume combinations higher
green fodder yield was obtained for Centrosema pubescense with Brachiaria
ruziziensis and Centrosema nlemfuensise. Kumar and Naleeni (2006) observed
reduction of guinea grass yield up to the tune of 48.27 and 50.10 ¢ ha™ under
intercropping and mixed cropping systems, respectively.

Shahapurkar and Patil (1989) while studying the effect of improved forage
species on productivity under tropical conditions of Kerala reported superiority of
grass legume mixtures consisting of Stylosanthes and guinea or congosignal grass
over monocropping system. In another study by Lakshmi et al. (2002) also obtained
significantly better fodder yield of guinea grass and congosignal grass grown in
association with Stylosanthes hamata.

Chhilar and Tomar (1970) reported that Bajra Napier hybrid grown with a
spacing of 60 cm x 30 cm recorded higher green fodder yield than 60 cm x 50 cm
spacing. Yasin et al. (2003) stated that planting at narrow spacing of 45 cmx 45 cm
recorded higher green fodder yield of 407.9 t ha* than wider spacing of 75 cm x 75
cm in elephant grass. Sharma (2013) revealed that sewan grass (Lasiurus scindicus
Henr.) grown at a closer spacing of 25 cm gave higher green fodder yield than a
spacing of 75 cm.

2.2.6 Dry Matter Yield

Kumar and Parameswaran (1998) opined that dry matter yield of fodder
crops grown in association with multipurpose trees was generally lower than that
of the treeless control. Meena et al. (2011) reported that cow pea intercropped with
Cenchrus setigerusin 2:1 ratio gave higher dry fodder yield of 3.35 t ha. Varsha et
al. (2019) noticed that Bajra Napier hybrid monoculture system produced
significantly higher dry matter yield of 51.20 t ha followed by Bajra Napier
hybrid+ mulberry (48 t ha). Ahmad et al. (2018) reported that intercropping of
fodder grasses with either red or white clover produced significantly higher total
dry fodder yield than that of sole stand of both grass and legume.

Ram and Parihar (2008) found that intercropping of Beard grass
(Chrysopogon fulvus) with Stylosanthes (Stylosanthes hamata) in 1:1 row

intercropping system produced 13.68 per cent higher dry fodder yields than that of



sole stand of beard grass. Ram (2009) reported that paired row intercropping of
guinea grass with Stylosanthes hamata gave significantly higher dry fodder yield
of 5.01 t ha! in comparison to the sole stand of either grass or legume. Baba et al.
(2011) reported that, guinea grass when intercropped with Centrosema pubescens
in 2:2 proportions produced 7.55 per cent more dry fodder yield than that of guinea
grass monoculture. Thomas et al. (2021b) noticed that among different agathi based
fodder production systems, intercropping agathi with setaria in 2:2 row proportion
noticed significantly higher dry fodder yield of intercrop (10.52 t ha2).

Mishra et al. (2010) reported that the total biomass production in Cenchrus
ciliaris in terms of dry weight decreased under the tree canopies, wherein over a
period of two years, C. ciliaris indicated 38 per cent reduction in dry matter yield
under the tree canopies over the open grown grasses. Mimenza et al. (2013) also
recorded a significant reduction in dry fodder yield of Brachiaria brizantha when
grown underneath the tree crown of six tree species. Thomas et al. (2021a) reported
that significantly higher dry fodder yield was noticed when BN hybrid grass (paired
row) intercropped with cow pea (48.87 t ha™2).

Gill and Ganwar (1990) conducted an experiment to evaluate the intensive
fodder production under guava plantation and found out that pure crop of Bajra
Napier hybrid gave higher dry fodder yield followed by Bajra Napier hybrid +
cowpea and guinea grass + cowpea. Marchiol et al. (1992) reported that dry fodder
yield obtained from maize-soybean intercropping was 8.9 per cent higher than pure
stand of soybean and 4 per cent greater than sole crop of maize.

2.2.7 Root Weight

According to Jacob (1999), the root length of 30.56 cm and root weight of
35.36 g per plant was observed when congosignal (Brachiaria ruziziensis) was
grown in coconut garden. Padhi and Panigrahi (2006) opined that wider spaced trees
favours better root growth than narrow spaced trees. Varsha et al. (2019) registered
that Bajra Napier hybrid+ mulberry system had recorded a root biomass of 12.07 t

hal.



2.2.8. Root VVolume

George (1996) reported a root volume of 44 cm® and root : shoot ratio of
0.38 for guinea grass under coconut shade. Jones et al. (1998) observed that Acacia
nilotica had a more negative effect on per unit root length of sorghum when grown
together. Farooq et al. (2019) reported that the root volume of Chinese fir
(Cunninghamia lanceolata ) was significantly lower under narrow spacing than that

of wider spaced trees.

2.3 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
PHYSIOLOGICAL PARAMETERS

2.3.1 Effect on Chlorophyll Content

George (1996) observed a chlorophyll content of 2.5 mg g in guinea grass
when it was grown under coconut garden. Anita (2002) reported that an increase in
shade level improves the chlorophyll content of guinea grass. Oliveira et al., (2013)
reported that increasing chlorophyll content of crops under shaded condition
becomes promising in systems of integration of pastures with trees. Chandra et al.
(2018) conducted a study to evaluate the chlorophyll content of different Sesbania
spp. and the result revealed that S. sesban produced the highest chlorophyll-a
(2.190+0.142 mg per 100g) while the lowest in S. cannabina (1.692 + 0.500 mg per
100 g).

2.4 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
COMPETITIVE INDICES

2.4.1 Land Equivalent Ratio (LER)

Land equivalent ratio (LER) index is used to evaluate the efficiency of
intercropping using the resources of the environment compared with pure stands. If
the value of LER is exceeding unity, intercropping favours the growth and the yield

of species in mixture.



Ram (2009) conducted a field experiment to evaluate production potential,
biological feasibility and economics of guinea grass + Stylosanthes intercropping
systems under various fertility levels in rainfed conditions and the result revealed
that intercropping of guinea grass with S. hamata resulted in land equivalent ratio
more than one indicating intercropping advantages. Rahman et al. (2015) found that
intercropping Lathyrus sativus with Napier grass noted more LER value than sole
grass. Kimura et al. (2018) revealed that hybrid poplar tree + switchgrass
intercropping system recorded 45 per cent yield advantage (LER=1.45) than that of
sole cropping system.

Desale et al. (2002) recorded a higher LER value of 1.75 when sorghum
intercropped with soybean. Moreover intercropping sorghum with cowpea recorded
highest LER of 1.35 as compared to sole cropping of sorghum (Sankaranarayan et
al., 2005). According to Gayathri (2010), in a cassava based fodder production
system, alley cropping in cassava cultivar Vellayani Hraswa of six months duration
with two rows of palisade grass inter planted with one row of fodder cowpea was
most efficient with respect to biological productivity (cassava equivalent yield of
19.78 t hal) and land use efficiency (LER of 1.70). Ahmed et al. (2013) reported
that sorghum intercropped with fodder cowpea in 1:1 row proportion gave the best
total LER of 2.11. Khippal et al. (2016) revealed that highest LER of 1.91 when

sugarcane was intercropped with mustard.
2.4.3. Aggressivity

Aggressivity is an index which compares the yields between intercropping
and pure cropping, and also their respective land occupancy. Mahapatra (2011)
reported that aggressivity of 3.53 was noticed when sabai grass (Eulaliopsis binata)
intercropped with black gram in 1:2 row ratio. Kumar et al. (2012) observed
minimum aggressivity (-0.002) when maize was intercropped with field bean.
2.4.4. Relative crowding coefficient (RCC)

Ram (2009) conducted a field experiment to evaluate the production
potential of guinea grass + Stylosanthes intercropping under different row

proportions and noticed that the maximum values of the relative crowding co-



efficient was recorded in paired row of grass-legume intercropping, which indicated
comparative yield advantage of this system over the other intercropping treatments.

Ghosh (2004) conducted a study regarding growth, yield, competition and
economics of groundnut + cereal fodder intercropping systems in the semi-arid
tropics of India and the result revealed that significantly greater RCC value was
noticed when ground nut was intercropped with fodder maize (26.0). However the
lowest value was recorded when groundnut was intercropped with pearl millet (8.7).
2.4.5. Competitive Ratio (CR)

According to Willey and Rao (1980), CR gives a better measure of
competitive ability of the crops and is also advantageous as an index over RCC and
aggressivity.

Tahir et al. (2003) reported a highest competitive ratio when wheat was
intercropped with canola. In a study entitled study of grass-legume intercropping
system in terms of competition indices and monetary advantage index under acid
lateritic soil of India conducted by Mahapatra, (2011) reported that the significantly
highest CR of 4.58 was noticed when sabai grass (Eulaliopsis binata) intercropped
with black gram in row ratio of 3:5. Khippal et al. (2016) revealed that highest
competitive ratio of 1.51 when sugarcane intercropped with mustard.

2.4.6 Monetary Advantage Index (MAI)

Ghosh (2004) observed that ground nut+ fodder maize intercropping system
recorded significantly higher MAI (16543) and the lowest value was noticed when
ground nut was intercropped with pearl millet (12656). Mahapatra, (2011) reported
that significantly higher MAI value was noticed when sabai grass was intercropped
with black gram under 1:2 row ratio (7254.62). Khippal et al. (2016) reported that
among different sugarcane based intercropping systems, the highest MAI value of
75779 was obtained when sugarcane was intercropped with pea. However

minimum value was obtained for sugarcane + lentil intercropping system (62382).



2.5 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
QUALITY PARAMETERS

2.5.1 Crude Protein Content

Nyambati et al. (2003) reported that inclusion of a legume in Napier grass
based diet had shown an improvement in animal performance in terms of milk
production because of their high nutrient contents. Susheela et al. (2015) noticed
that significantly higher crude protein yield was observed when Subabul
intercropped with Bajra Napier hybrid + Desmanthus (15.23 g ha'l).

Jayakumar (1988) conducted an experiment to study the biomass
productivity of guinea grass based cropping system involving Cs (cowpea) and Cs
(maize) plants and the result revealed that intercropping guinea grass with maize
and cowpea increased the protein yield compared to sole crop of Guinea grass.
Somashekar et al. (2015) indicated that BN hybrid+ cowpea (Kaharif) - lucerne
(Rabi) recorded higher crude protein yield (30 g ha). Raj et al. (2016) registered
that the highest crude protein yield of 4.75 t ha™ was obtained from 2-tier grass-tree
(Bajra Napier hybrid+ mulberry + calliandra) combination and it was 69 per cent
higher than that from grass monoculture. Varsha et al. (2019) reported that among
six different fodder production systems, significantly higher crude protein yield was
noticed in mulberry monoculture (8.77 t ha') followed by Bajra Napier hybrid +
mulberry (6.30 t ha?).

Niang et al. (1997) reported that planting of leguminous fodder trees viz.,
Sesbania sesban and Calliandra calothyrsus on contour lines with Pennisetum
purpureum or Setaria splendida improved the herbage quality in terms of crude
protein content and crude protein yield. Premi and Sood (2001) observed significant
improvement in the crude protein content of herbage with the planting of siratro
(Macroptilium atropurpureum) and setaria (Setaria anceps) grass in between two
hedgerows of Leucaena leucocephala and Robinia pseudoacacia. Ram and Parihar
(2008) reported that red beard grass (Chrysopogon fulvus) intercropped with
Stylosanthes (Stylosanthes hamata) gave significantly higher crude protein yield

(516.77 kg ha*) compared to sole cropping of grass. Chauhan et al. (2014) observed



that subabul + Bajra Napier hybrid inter-cropping system produced 15 per cent
more protein than the sole fodder crop on unit area basis.

Ram (2009) stated that intercropping of guinea grass and Stylosanthes in
different row proportions did not significantly affect the crude protein content of
Stylosanthes. But crude protein content of guinea grass significantly increased in
paired row of intercropping as compared to its sole stand. Thomas et al. (2021b)
found that among different agathi based fodder production systems significantly
higher crude protein yield of agathi was noticed when it was intercropped with
rhodes grass in 2:2 row proportion (1.25 t hat), however significantly highest CP
yield of intercrops was observed in agathi + guinea grass in 2:2 row proportion
(1.28 t ha™).

Njoka-Njiru (2006) showed that Napier grass when intercropped with
siratro (Macroptilium atropurpureum cv. Siratro) and seca (Stylosanthes Scabra cv.
Seca) recorded more crude protein (9.64-9.96 %) than sole Napier grass (8.14 %).
Kimura et al. (2018) observed that the crude protein content of hybrid poplar leaves
was 100 mg g* when it was intercropped with switch grass than that of sole

cropping of poplar tree (116 mg g).
2.5.2 Crude Fibre Content

Rekib et al. (1987) observed that growing of grasses and legumes together
reduced the crude fibre content of herbage mixture. Singh et al (1997) observed a
higher crude fibre content of 33.2 per cent in brome grass when intercropped with
lucerne, however the fibre content was lower when the grass was grown alone.
Anita et al. (2014) opined that an average crude fibre content of 26.53 per cent was
recorded by Bajra Napier hybrid when grown under shaded condition.

George (1996) recorded a crude fibre content of 31.9 percent for Guinea
grass (P. maximum) grown under partially shaded coconut garden. Seresinhe and
Pathirana (2000) reported a reduction in crude fiber content of guinea grass when

intercropped with gliricidia.



2.6 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON SOIL
NUTRIENT STATUS

Legumes benefit the grasses by the addition of nitrogen to soil through
nitrogen fixation. Seresinhe et al. (1994) reported that inclusion of legumes in
pasture mixture enhance the growth and N uptake by grass. Quick growing trees
and grasses may actively withdraw soil nutrient reserves, especially during the early
phase of growth and after canopy closure, they may act as self-nourishing systems
(Kumar et al., 1998). It is well-known that plant litter acts as a temporary sink for
nutrients and functions as a slow-release nutrient source thereby guaranteeing a
permanent contribution of nutrients to soils (Cuevas and Medina, 1998). According
to Lal and Kimble (2000), accumulation of soil organic carbon occurs primarily
through the return of plant fixed carbon to the soil mainly through leaves and roots.

Alalade et al. (2013) reported that the pH, nitrogen, phosphorus, potassium,
and organic carbon contents of the soil increased after intercropping and decreased
in the control. Raj et al. (2016) reported that mulberry monoculture system
produced more soil organic carbon content of 0.84 per cent than that of
intercropping mulberry with Bajra Napier hybrid.

Susheela et al. (2015) opined that growing of subabul + BN hybrid +
Desmanthus virgatus, silvipasture system resulted in higher available N (260.7 kg
ha) and K (586.8 kg ha) over rest of the treatments while organic carbon (0.32%)
was highest in subabul + Bajra Napier hybrid + Stylosanthes system. Manoj et al.
(2020) stated that intercropping forage legumes with Bajra Napier hybrid improved
the available N (248 to 267 kg ha*), P (22.63 to 25.67 kg ha') and K (188.11 to
198.65 kg ha') as compared to Bajra Napier hybrid sole cropping (219, 18.10 and
172.11 kg hal, respectively NPK). Thomas et al. (2021b) reported that among
different agathi based fodder production systems, significantly higher organic
carbon content was noticed when agathi was intercropped with setaria in 2:2 row
proportion (1.18%). However maximum soil nitrogen content was noticed when
agathi intercropped with Bajra Napier hybrid in 2:1 row proportion. Significantly
higher P content was found in agathi sole cropping and that of K content in agathi
+ rhodes grass (2:2). Montagnini and Nair, (2004) opined that including trees in



pasture benefits in many ways as it improve the soil nutrient cycling, cut down soil
and water runoff, mitigation of climate change via carbon sequestration and

increased ecological connectivity.

2.7 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
CARBON SEQUESTRATION POTENTIAL

Samra et al. (2000) observed that in agri- silviculture growing of Albizia
procera with different pruning regimes, the organic carbon of the soil increased by
13-16 per cent from their initial values under different pruning regimes which was
5 to 6 times higher than growing of either sole tree or sole crop. Albrecht and
Kandji, (2003) revealed that agroforestry system has important role in sequestering
the above ground and belowground soil carbon and hence mitigating the greenhouse
effect by reducing carbon emissions.

Kirby and Potvin, (2007) reported that agroforestry system have higher
carbon sequestration potential than that of field crops and tree incorporation in crop
lands and pastures would result in greater net above ground as well as below ground
carbon sequestration. Nair et al. (2009) reported that carbon sequestration potential
of agroforestry system is highly variable ranging from 0.29 to 15.21 Mg ha* y!
and this variation mainly due to number of factors including site characteristics,
land-use types, species involved, stand age, and management practices. Yadava,
(2010) estimated that eucalyptus + wheat intercropping system can sequester 14.42
tha! of carbon in Himalayan Tarai region and 32 t ha™ by poplar based agroforestry
system. Dhillon et al. (2018) concluded that the amount of carbon sequestered by
an agroforestry system largely depends on the geometry of perennial component
and carbon sequestration rate is higher in closely grown trees (5 m x 4 m) than that
of wide geometry.

High volume biomass production in the intercropping system will sequester
large amount of C, reducing atmospheric CO> (Peichl et al., 2006). Nair et al.
(2009) reported that the amount of C sequestered under tree and crop intercropping
system ranged from 0.3 to 15.2 Mg C ha* yr depending on tree, crop, management
and environment. Another study by Fang et al. (2010) also found that intercropping



of trees and grass will improve carbon sequestration potential of the system.
Cuartas et al. (2014) registered that intensive silvipasture with Leucaena
leucocephala sequesters carbon at the high end of silvopasture potential, with a
potential of 8.8-26.6 t CO, eq ha year™, alone or associated with timber trees. Raj
et al. (2016) recorded that silvopastoral systems with higher tree densities, high
yielding grass species with intensive management have higher potential to capture
carbon than traditional extensive silvipasture systems with widely spaced trees with
natural grasses beneath them.

Bohre et al. (2013) reported that 20 years old teak plantations can fix 76.6
kg carbon per tree and carbon stored in tree components were locked for a long time
whereas the carbon in crops were locked for a short period only. Varsha et al. (2019)
revealed that carbon fixation capacity of intensive Bajra Napier hybrid + mulberry
silvipasture system is 11 t C ha year? and the same study also revealed that
silvipasture systems with higher tree densities, high yielding grass species with
intensive management under cut and carry systems have higher potential to capture
carbon than traditional extensive silvopasture systems with widely spaced trees
with natural grasses beneath them.

According to Lal and Kimble, (2000), accumulation of soil organic carbon
occurs primarily through the return of plant fixed carbon to the soil mainly through
leaves and roots. Ibrahim et al. (2007) reported that the carbon fixation rates of
silvopasture system varied between 1.0 and 5.0 t C ha! year™. Meenakshi et al.
(2010) found that carbon capturing capacity of BN hybrid was high as compared to
other fodder crops like hedge lucerne, fodder cowpea and fodder maize. Adoption
of intensive silvopastoral system helps to remove 26.6 t of CO, eq ha year? from
the atmosphere equivalent to 7.24 t C as reported by Cuartas et al. (2014).

Thomas et al. (2021a) conducted an experiment entitled carbon
sequestration potential of grass based fodder production systems in humid tropics
of Kerala revealed that during three years of experiment growing BN hybrid in
paired row with cowpea captured higher carbon of 20.69 t ha* followed by BN
hybrid (paired row) + agathi (19.74 t ha) and guinea grass (paired row) + agathi
(19.33 t ha™).



2.8 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
UPTAKE OF NUTRIENTS

In a study conducted by Jayakumar (1997), intercropping Bajra Napier
hybrid with lablab bean resulted in maximum uptake of N (113.10 kg ha) and P
(16.48 kg ha). Jacob (1999) reported an uptake of 34.5 kg ha™* nitrogen, 34.5 kg
ha phosphorus and 28.4 kg ha™ potassium by congosignal grass (B. ruzizensis)
grown under coconut shade. Augusto et al. (2002) opined that nutrient availability
to plants may be greater when it was grown under trees due to higher litter inputs,
higher soil moisture levels and lower soil and air temperature. Legumes based
intercropping systems improve the absorption of macro and micronutrients from
the soil along with nutrient use efficiency (NUE) (Crews and Peoples,
2004). Gulwa et al. (2017) reported that K, Ca and Mg concentrations in grasses
harvested from the grass-legume mixture plots was significantly higher in
comparison to those harvested from the control plots.

Wahua, (1983) reported that significantly more nitrogen and phosphorus
uptake was noticed in sole cropping of maize than that of intercropping with
cowpea.

2.9 EFFECT OF INTERCROPPING AND PLANTING GEOMETRY ON
ECONOMICS

Place et al. (2009) opined that introduction of fodder trees like mulberry,
Leucaena and calliandra in small holder farms in African countries like Uganda and
Kenya improved net income of small scale dairy farmers. Thomas et al. (2016)
concluded that fodder intercropping is economically viable in banana-based
cropping system and Bajra Napier hybrid or cowpea can be cultivated profitably
with banana, for maximizing land use efficiency and generating supplemental
income. Susheela et al. (2015) noticed a Benefit: Cost ratio of 4.14, when subabul
was intercropped with Bajra Napier hybrid and desmanthes in 3:1 ratio.

Sood and Sharma, (1996) observed that improved grass+ legume forage
system registered an increase in net return by ¥ 3202 ha™ over local system.

Lakshmi et al. (2002) reported that Napier hybrid + Stylosanthes hamata resulted



in maximum benefit cost ratio of 3.31 compared to sole planting of Bajra Napier
hybrid (1.49). Ram et al. (2006) revealed that the average benefit cost ratio of 1.52
was registered when buffel grass intercropped with annona under hortipasture
system. Ram (2009) found that guinea grass + Stylosanthes intercropping system
registered maximum net returns of ¥ 5103 ha™! under paired row system. However
lowest net returns of ¥ 1684ha! was noticed in sole stand of Stylosanthes. Thomas
et al. (2021a) revealed that intercropping agathi + guinea grass recorded
significantly lowest cost of cultivation (Z 240000 ha) and highest net monetary
return (2 355500 ha') as well as benefit cost ratio (2.48).

A study entitled “Associative cropping pattern that enhance the animal
yield” by Gopalan et al. (2003) revealed that there was an improvement in crude
protein content when Bajra Napier hybrid intercropped with Desmanthus virgatus.
Thomas et al. (2021b) reported that agathi intercropped with Bajra Napier hybrid
in a proportion of 2:1 was registered with highest cost of cultivation (Z 60600 ha™).
However maximum net income (% 58592 ha™) and benefit cost ratio (2.07) was

observed in intercropped with setaria in 2:2 row proportion.

2.10 QUALITY ASSESSMENT OF PREDOMINANT FODDER TREES AND
SHRUBS OF SOUTHERN KERALA FOR FEED QUALITY
2.10.1 Proximate analysis of tree fodder

The quality of the indigenous tree leaves used as a fodder are decided based
upon the proximate composition values and fiber fraction analysis (Chithra, 2018).

According to Crowder and Cheddah (1982), nutritive value of forages refers
to its chemical composition, intake, digestibility and utilization of absorbed food
and nature of the digested products.
2.10.1.1 Dry Matter (%)

Dry Matter (DM) is the actual amount of feed material leaving water and
volatile acids and bases if present Chithra (2018) in a study revealed that dry matter
content of different indigenous leguminous tree species i.e Acacia nilotica, Albizia
lebbeck, Dalbergio sissoo, Erythrina indica and Hardwickia binata varied from
27.94 - 42.21 per cent.



Ally and Kunjikutty (2000) reported that dry matter content of banana is
25.90 per cent and that of subabul is 34.50 per cent. Gaikwad et al. (2017) found
that the dry matter content of various fodder tree leaves and shrubs used for feeding
livestock varied from 16.92 to 56.60 per cent.
2.10.1.2 Crude Protein Content (%)

Alam and Djajanigra (1994) opined that a feed with less than 10 per cent
crude protein may adversely affect the rumen degradation. Gaikwad et al. (2017)
observed that crude protein content of various fodder trees and shrubs were in the
range of 1.71 to 10.44 per cent. Moringa olifera, Ziziphus mauritina, Psidiun
guajava, Sesbania sesban and Leucana leucocephala recorded a protein content
7.08, 7.03, 6.74 and 6.41 per cent respectively. Chithra, (2018) observed that the
highest crude protein content was observed in Erythrina indica tree leaves followed
by Albizia lebbeck, Acacia nilotica, Dalbergio sissoo, Hardwickia binata
respectively and crude protein content of tree leaves varied from 9.86 - 23.46 per
cent.

Makkar and Becker, (1996) reported that the crude protein contents of
Moringa oleifera leaves was 25.1 per cent. Annison and Bryden, (1998) observed
the tropical tree fodders especially during dry season have low CP which is lower
than the minimum CP requirements of 80 g kg™ DM. Most of the tree fodders
recorded medium to high concentration of crude protein and high CP value of
fodder trees and shrubs make them a good protein supplement to the cattle
(Abdulrazak et al., 2000). Ghosh and Bandyopadhyay, (2007) revealed that the
crude protein content of subabul varied from 19-31 per cent. Nouman et al. (2013)
reported that moringa has an average CP content of 15.31 per cent. However
Karmakar et al. (2016) noticed that the crude protein content of agathi leaves as 25-
30 per cent.
2.10.1.3 Crude Fibre (%)

Gaikwad et al. (2017) opined that the crude fiber content of fodder tree
leaves and shrubs varied from 9 to 34.0 per cent and the highest value was noticed
in Ficus bengalensis (34.0 %) followed by Zizipus maurintina (29.0 %) and
Syzygium cumini (28.5 %). Chithra, (2018) observed that the highest crude fiber



content among five different tree fodders ie., Erythrina indica, Albizia lebbeck,
Acacia nilotica, Dalbergio sissoo and Hardwickia binata varied from 17.81- 28.16
per cent and significantly higher value was noticed in Hardwickia binata. Patric et
al. (2020) conducted a study to evaluate the nutritive value of tree fodders in typical
home garden of central Kerala and revealed that crude fiber content of various top
feeds varied from 24.83- 45.9 per cent. They also noticed that among different
fodder trees, moringa contained highest CF content, followed by agathi, calliandra
and gliricidia.
2.10.1.4 Ether Extracts, Total Ash and Nitrogen Free Extract

Gaikwad et al. (2017) reported that higher values of ash indicated the more
amount of mineral matter in the fodder tree leaves and shrubs and ash content of
different fodder tree leaves and shrubs were ranged between 2.0 and 11.5 per cent.
Chithra, (2018) opined that among five different tree fodders, ether extract was
ranged between 3.34 - 6.17 per cent and the highest value was noticed in
Hardwickia binata followed by Erythrina indica, Acacia nilotica, Dalbergio
sissoo,and Albizia lebbeck respectively. However the total ash content of tree leaves
varied from 6.86 - 9.92 per cent and the highest value was noticed in Dalbergio
sissoo followed by Hardwickia binata, Erythrina indica, Albizia lebbeck, Acacia
nilotica, respectively. Ally and Kunjikutty (2000) studied the chemical constituents
of fourteen different tree fodders and found that banana leaves contains ether extract
of 5.80 per cent and total ash content of 7.70 per cent. While subabul contains 7.40
per cent and 10.40 per cent respectively.
2.10.1.7 Acid Detergent Fibre (ADF) and Neutral Detergent Fibre (NDF)

Neutral detergent fiber is considered to be an acceptable measure of the
partially digestible cell wall contents and among different tree fodders, the amount
varied from 154 to 619 g kg™ DM (Nassoro, et al., 2014). Another study by Epafras
(2019) observed that ADF content of Morus alba was 33 g kg DM and that of
Glyricidia sepium was 110g kg DM.

Van Soest, (1994) revealed that NDF content of fodder crops ranges from
540 to 770 g kg™ DM. Increasing levels of NDF may limit dry matter intake. Most

of the top feed species have moderate to low contents of fibers. Mokoboki et al.



(2011) observed low ADF content in Acacia hebeclada (145 g kg™t DM) and Acacia
siberiana (165 g kg™t DM) which could be associated with high digestibility. Mtui
et al. (2009) observed low ADF content in mulberry (33 g kg DM) and that
gliricidia recorded highest ADF value of 110 g kg™ DM.

Gates (1994) classified levels of acid detergent fibre in herbage for animal
diet as maximum (70-75%), minimum (15-20%) and optimum (27-29%).
Abdulrazak et al. (2000) conducted a study to determine chemical composition of
selected acacia species and Leucaena leucocephala and the result revealed that L.
leucocephala contains 22.4 per cent ADF and 56.3 per cent NDF. Chithra, (2018)
observed that NDF values of leguminous tree leaves varied from 42.15 — 52.72 per
cent and highest NDF value was observed in Dalbergia sissoo followed by
Hardwickia binata, Acacia nilotica, Erythrina indica, Albizia lebbeck respectively.
However ADF values of selected tree fodders varied from 28.87 - 34.21 per cent.

Chali et al. (2018) observed that there was 65.7 per cent ADF and 38 per
cent NDF in banana leaves. A study conducted by Gaikwad et al. (2017) in twenty
different tree fodders and shrubs revealed that the neutral detergent fiber of samples
varied from 77.4 per cent (Bambusa bambos) to 36.0 per cent (Moringa olifera and
Acacia nilotica). However the acid detergent fiber content in these fodder species
were 52.9 per cent (Bambusa bambos), 26.9 (Moringa olifera) and 33.8 per cent
(Acacia nilotica).
2.9.2 Mineral Status of Tree Fodders

Minerals are necessary for normal growth, reproduction, health and proper
functioning of the animal's body (Mcdowell, 1992). Minerals protect and maintain
the structural components of the body, organs and tissues and they are constituents
of body fluids and tissues. Moreover minerals have catalytic functions in the cells
as well as maintaining acid-base balance and osmotic control of water distribution
within the body (MCdonald et al., 1995).

Gaikwad et al. (2017) revealed that among twenty different tree fodders and
shrubs, the calcium content was noticed highest in Ficus religiosa (4.5%) and
Albizia lebback (4.5%) and the lowest in Syzygium cumini (1.0%). The highest

phosphorus content was in Ficus religiosa (0.49%) followed by Leucaena



leucocephala (0.30 %) and the least in Bambusa bambos (0.18%) followed by
Psidium guajava and Phylanthus emblica (0.19%).

Abdulrazak et al. (2000) reported that Acacia spp had phosphorus content
ranging from 0.7-1.6 g kg™ DM and that of magnesium concentrations ranged from
1.3-6.6 g kgt DM. Montagnac et al. (2009) reported that cassava leaves are rich
source of various minerals like calcium (34-708 mg kg™), phosphorus (27-211 mg
kg), potassium (2.23%) and magnesium (1.42%). Mokoboki, (2011) reported that
most of the tropical leguminous fodder crops having calcium levels ranging from
8.6-10.2 g kgt DM. Sath et al. (2013) reported that most of the tree fodders have a
phosphorus level ranging from 0.5-5 g kg™t DM.

2.10.3 Micro Nutrient Status of Tree Fodders

The minimum Fe requirement for ruminants is 30-60 mg kg™ DM and the
Fe contents for most tropical forages and legumes range from 100-700 mg kg DM
(Khan et al., 2006). The levels of zinc in most of the tree fodders ranged from 10.2-
34.7 mg kg* DM (Abdulrazak et al., 2000; Kakengi et al., 2007).

Rubanza (2005) reported that copper content of Gliricidia sepium was 4.2
m g/kg DM (Gliricidia sepium). Mondal et al. (2016) studied the micro nutrient
status of different tree fodders and it was observed that banana leaves are rich in
various micronutrient like Cu (10.19 ppm), Zn (14.22 ppm), Mn (47.61 ppm) and
Fe (420.62 ppm). Another study conducted by Amengor et al. (2017) to estimate
the nutritional quality of Moringa oleifera revealed that it is a rich source of various
micro nutrients like like 0.36 + 0.04 mg/100 g copper, 5.80 = 0.68 mg/100 g
manganese, 20.96 + 1.37 mg/100 g iron and 6.79 + 1.82 mg/100 g zinc.

Rubanza (2005) conducted a study on utilization of browse tree fodder
supplements to ruminants fed on low quality roughages in north-western Tanzania
and the result revealed that iron content of fodder trees vary from 30-60 mg kg™
DM and that of manganese content from 44.6-306 mg kg™ DM. Mokoboki, (2011)

reported mean Zn concentration of most forages ranging from 36-47 mg kg* DM.



2.10.3. Anti-nutritional Factors in Tree Fodder

Plants produce certain chemicals which are not directly involved in the
process of plant growth, however it act as deterrents to insect and fungal attack
(Norton, 1990). Thus in some plants, the utility of leaves, pods and edible twigs of
shrubs and trees as animal feeds is limited by the presence of anti-nutritional factors
(ANFs) and its quantity vary with plant species, and stage of growth. Non-
ruminants (pigs, poultry, and horses) are usually more susceptible to toxicity than
ruminants. (Upreti and Shrestha, 2006).

Andrae (2008) revealed that the nitrate content of fodder at a range of 0-
1000 ppm is considered as safe to cattle under all the conditions. Kumar et al.
(2017) reported that nitrate accumulation is likely found in annual forages than in
perennial fodder. The mimosine content in subabul varies from 1.02 per cent to 5.56
per cent of dry matter in leaf meal and hay and the concentration in the growing tips
of the leaves and pods may reach up to 12 per cent (Lakshmi et al., 2020).

El-Khodery et al. (2008) reported that fodder with 7-16.6 per cent of oxalate
may cause acute poison and death of cattle. Another study by Rahman et al. (2013)
suggested that more than 2 per cent of soluble oxalate in fodder crops may be

harmful to the ruminants.



3. MATERIALS AND METHODS

The experiment entitled “Performance and carbon sequestration potential of
top feeds under varied planting geometry” was conducted at College of
Agriculture, Vellayani to standardize the optimum plant population for higher
green forage yield, quality and carbon sequestration potential and to assess the
performance of different plant species as top feeds under sole and intercropping
system. The study also envisaged to assess the quality of predominant fodder trees
and shrubs of southern Kerala. The field experiment was carried out during April
2019 to April 2021. The details of the experimental materials used and methods

adopted are presented in this chapter

3.1 EXPERIMENTAL SITE

The experiment was laid out at the Instructional Farm, College of
Agriculture, Vellayani, Thiruvananthapuram, Kerala. The farm is situated at 8.5° N
latitude and 76.9° E longitude and an altitude of 29 m above mean sea level.
3.1.1 Season
The experiment was conducted during the period from April 2019 to April 2021.
3.1.2 Climate

Tropical humid climate prevailed during the period of experiment. The
standard week wise weather data on maximum and minimum temperature, relative
humidity and rainfall received during the cropping period were collected from Class
B Agromet Observatory, Department of Agricultural Meteorology, College of
Agriculture, Vellayani and are furnished in Appendix 1 and graphically illustrated
in Fig 1.
3.1.3. Soil

The soil of the experimental site is sandy clay loam in texture belongs to

the order oxisols, Vellayani series. Before conducting the field experiment,
composite soil samples were drawn from 0-15 cm depth from both open and shaded
conditions and the physical and chemical properties were analysed. The data

obtained is presented in Table 1.
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Table 1. Soil physico - chemical properties of the experimental site

Mean
SI. No Parameters value Methods adopted
Physical properties
1 Mechanical composition
Coarse sand (%) 16.70 Bouyoucos Hydrometer method
Fine sand (%) 31.30 (Bouyoucos ,1962)
Silt (%) 25.50
Clay (%) 26.50
Gupta and Dakshinamoorthy, 1980
2 Bulk density (Mg m™) 1.375
Gupta and Dakshinamoorthy, 1980
3 Water holding capacity (%) 21.50
4 Porosity (%) 32.00 Gupta and Dakshinamoorthy, 1980
Chemical properties
Soil reaction (pH) 1:2.5 soil solution ratio using pH
1 5.37 meter with glass electrode
(Jackson, 1973)
, Electrical conductivity 0.05 Digital conductivity meter
(dSm™) (Jackson, 1973)
0.80 Walkley and Black rapid titration
> Organic carbon (%) (High) method (Jackson, 1973)
188.16 Alkaline permanganate method
4 | Available N (kg ha™) (Low) | (Subbiah and Asija,1956)
167.95 Bray colorimetric method
5 Available P20s (kg ha™) (High) (Jackson, 1973)
102.68 Ammonium  acetate  method
6 Available K-O (kg ha™)
(Low) (Jackson, 1973)




3.2 MATERIALS
3.2.1 Crop and Variety
3.2.1.1 Main crops: Agathi, Erythrina, Drumstick

Agathi (Sesbania grandiflora (L.) Pers.) is a fast-growing perennial,
deciduous or evergreen nitrogen fixing legume tree that can grow up to 10-15 m
height. It is highly palatable and valued fodder for ruminants. As a fast-growing,
N-fixing legume, it is used for the reforestation of eroded areas and to improve soil
fertility. It is often planted to make fence lines or as shade tree, windbreak and
support for other crops.

Erythrina (Erythrina indica L.) is a spreading, deciduous tree legume that
can reach a height of 18-25 m. It is a multipurpose tree often used in agroforestry
systems and also as valuable fodder for ruminants as the foliage has a relatively
high protein content that makes it an excellent feed for most livestock

Drumstick (Moringa oleifera Lam.) is a multipurpose tropical tree
cultivated mainly for food and also used for medicinal, industrial and fodder
purpose. Drumstick also known as “miracle tree” or “tree of life” is rich in nutrients,
fast growing and drought tolerant. Annual green fodder yield of drumstick ranges
from 100-120 t ha! in 4 to 5 cuttings, which is sufficient enough to feed 18 to 20
animals under mixed feeding system. The variety used for the study was PKM-1
developed by the Horticulture Research Station of Tamil Nadu Agricultural
University (TNAU).
3.2.1.2 Intercrop: Bajra Napier hybrid

The Bajra Napier hybrid variety Suguna, released from Kerala Agricultural
University was used for the study. The variety Suguna was developed by crossing
Composite 9 and FD 431. It has high tillering capacity (40 tillers per plant) with
long broad leaves and pale green leaf sheath with purplish segmentation and
serrated leaf margin, suitable for uplands in all seasons. The average inter nodal
length is 6.5cm and leaf stem ratio is 0.82. It has better quality with crude protein
content of 9.4 per cent and crude fibre content of 24.0 per cent. The average yield

of the variety is 280-300 t ha!. The stem cuttings of this variety required for the


https://www.feedipedia.org/content/feeds?species=13458

study was obtained from All India Coordinated Research Project on Forage Crops
and Utilisation, Vellayani, Thiruvananthapuram, Kerala.
3.2.2 Manures and Fertilizers

As a source of organic manure, FYM (0.45% N, 0.17% P>0s and 0.5% K>0)
was applied. The source of NPK used were urea (46 % N), rajphos (20% P20s) and
Muriate of potash (60% KO).
3.3 METHODS
3.3.1 Design and Layout

3.3.1.1 Experiment I: Performance and carbon sequestration potential of top

feeds under varied planting geometry with and without intercrop

Location . Instructional farm, Vellayani
Design . Split-split plot
Treatments : 18 (2x3x3)
Replication : 3
Plot size : 6mx4m
The layout of the field experiment is given in Fig.2. An overall view of the

experimental field is shown in Plate 1.

Treatments

A. Main plot: Cropping system (C) -2
C1- Sole crop (Top feeds)
Co- Intercrop (Bajra Napier Hybrid)

B. Sub plot: Top feeds (F) -3

F1-Agase (Sesbania grandiflora)
F2-Erythrina (Erythrina indica)
Fs-Drumstick (Drumstick oleifera)

Note: Top feed species was harvested at a height of 75 cm

C. Sub-sub plot treatments: Planting geometry of top feeds (G) -3
Gi1-2mx1m
G2-2mx05m
Gs- Paired system (Between pairs-2 m, within pairs-1m)



Note: Row spacing for top feed is 2 m and 3 rows of Bajra Napier Hybrid can be
accommodated in this space.

3.2.1.2 Experiment Il: Quality assessment of predominant fodder trees and
shrubs of southern Kerala for feed quality

Treatments

T1: Agase (Sesbania grandiflora)

T2 : Erythrina (Erythrina indica)

Ts: Drumstick (Moringa oleifera)

T4 : Coconut (Cocos nucifera)

Ts: Gliricidia (Gliricidia maculata)

Te: Matti (Ailanthus triphysa)

T7 : Subabul (Leucaena leucocephala)

Tg : Cassava (Manihot esculenta)

To : Banana (Musa acuminata)

T10: Mango (Mangifera indica)

3.4 CROP HUSBANDRY PRACTICES OF EXPERIMENT 1
3.4.1 Land Preparation

The experimental area was cleared by removing the weeds and stubbles.
The field was ploughed twice; clods broken and laid out into blocks and plots. The
individual plots were dug and leveled.
3.4.2 Planting

The seeds of agathi, Erythrina and drumstick were sown in the main field
and the same seeds were also sown in polybags for gap filling. The stem cuttings of
Bajra Napier hybrid with three nodes were intercropped along with the main crops.
The three budded cuttings were planted at a spacing of 60 cm x 60 cm in such a
way that two nodes remained within the soil and one above the soil surface.
3.4.3 Gap Filling

The gap filling was done 20 DAP.



3.4.4 Manuring and Fertilizer Application

Farmyard manure (25 t ha™') was applied uniformly to all the plots at the
time of final preparation of land. Chemical fertilizers like urea, Rajphos and
Muriate of potash were applied to supply NPK to the crops. Bajra Napier hybrid
was applied with fertilizers to supply nutrients @ 200: 50: 50 kg ha! NPK. Entire
dose of phosphorus and potassium as applied as basal. Nitrogen was applied in
equal split after each cut. Drumstick was applied with 100 g nitrogen and 25 ¢
potash per plant. Half dose of nitrogen and full dose of potash was given after first
harvest and remaining half dose of nitrogen was applied six months after first
harvest. Moreover, agathi and Erythrina were fertilized with 22: 125: 21 kg ha™'
NPK.
3.4.5 Other Management Practices

Irrigation was provided through sprinkler method as and when required.
Weeding and nitrogen application was done after each harvest.
3.4.6 Harvest

The harvest of main crops viz. agathi, Erythrina and drumstick was taken at
an interval of 3 months. The first harvest of Bajra Napier hybrid was taken 75 DAP
and subsequent harvests at an interval of 45 days.
3.5 QUALITY ASSESSMENT OF PREDOMINANT FODDER TREES AND
SHRUBS OF SOUTHERN KERALA FOR FEED QUALITY
3.5.1 Sample Collection

Leaves from selected trees were collected from southern districts of Kerala
viz. Thiruvananthapuram, Kollam, Pathanamthitta, Kottayam and Alappuzha. The
ten different fodder trees and shrubs included agathi (Sesbania grandiflora),
Erythrina (Erythrina indica), drumstick (Drumstick oleifera), coconut (Cocos
nucifera), gliricidia (Gliricidia maculata), matti (Ailanthus triphysa), subabul
(Leucaena leucocephala), cassava (Manihot esculenta), banana (Musa acuminata)

and mango (Mangifera indica).
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Fig. 3. Field layout of the experiment
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Plate 1. General view of field experiment
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The green leaves were rinsed in distilled water to remove dust and stored in
a refrigerator to be freeze dried as soon as possible after collection. All the foliage
were cut into small pieces so as to facilitate easy handling and uniform sampling
for analysis. Samples were initially sun dried followed by drying in the hot air oven
at 65 5 °C to a constant weight. Later dried samples were ground to pass through
0.5mm sieve and stored in zip lock bags at room temperature.
3.6 OBSERVATIONS
3.6.1 Experiment- |
Five sample plants of Bajra Napier hybrid as well as three sample plants of top
feeds were randomly selected from the net plot as observation plants and
observations were recorded from these plants.
3.6.1.1 Biometric and yield attributes of top feed species
3.6.1.1.1 Number of Branches
The number of branches from sample plants was noted and the average
calculated and recorded as number of branches per plant at each harvest.
3.6.1.1.2 Leaf: Stem Ratio
The sample plants collected at each harvest were separated into leaves and
stem. The samples were sun dried and later oven dried at a temperature of 65 +5°C
to a constant weight. Dry weight of stem and leaves were recorded separately for
each plant and ratio was worked out. The mean leaf stem ratio was calculated
3.6.1.1.3 Green Fodder Yield
The crop was harvested at regular cutting interval, fresh weight of the plants
in the net plot recorded and expressed in t hat. Total yield for one year was also
calculated and expressed in t ha™.
3.6.1.1.4 Dry Matter Yield
A weighed representative sample of green forage was obtained from each
plot and dried to constant weight in an oven at 65 +5° C. Total dry matter yield was
calculated from the dry weight of the sample and expressed as t ha .
3.6.1.1.5 Dry Matter Content
It is the ratio of plant dry weight to that of plant fresh weight expressed in

per cent.



3.6.1.1.6 Root Weight

The fresh weight of roots from each observational plant was recorded and
expressed in g per plant. Later the roots were dried to constant weight in an oven at
65 £5° C and weighed to record the root dry weight in g per plant.
3.6.1.1.7 Root Volume

Root volume was measured using displacement method (Misra and Ahmed,
1989) and mean values were expressed in cm? per plant.

3.6.1.2 Biometric and yield attributes of Bajra Napier hybrid

3.6.1.2.1 Plant Height

The height of the sample plants were measured from the base of the plant to
the tip of the longest leaf. The average was worked out at each harvest and
expressed in cm.
3.6.1.2.2 Number of Tillers Hill!

From the observation plants, the number of tillers was noted and the average
was calculated and expressed as number of tillers per hill at each harvest.
3.6.1.2.3 Leaf: Stem Ratio

The sample plants collected at each harvest were separated into leaves and
stem and dried to a constant weight in hot air oven at 65 £5° C. Dry weight of stem
and leaves were recorded separately for each plant and the ratio was worked out.
3.6.1.2.4 Green Fodder Yield

The crop was harvested at regular interval, fresh weight of the plants in the
net plot was recorded and expressed in t ha™l. Total yield for one year was also
calculated and expressed in t ha™.
3.6.1.2.5 Dry Fodder Yield

The fresh weight of sample plants collected from each plot were recorded
and subsequently the samples were sun dried and later oven dried at a temperature
of 65 +5 °C to a constant weight. The dry fodder yield was computed for each

harvest as follows and expressed as t ha™.



Dry weight of sample plants

Dry fodder yield = x Green fodder yield

Fresh weight of sample plant

3.6.1.2.6 Tussock Diameter per Hill

Before each harvest, diameter per hill was measured from five randomly
selected plants and expressed as tussock diameter per hill in cm.
3.6.1.2.7 Root Weight

The fresh weight of roots from observational plants was recorded and
expressed in g per plant. Later the roots were dried to constant weight in an oven at
70 ° C and recorded as root dry weight.
3.6.1.2.8 Root Volume

Root volume was measured using displacement method (Misra and Ahmed,
1989) and mean values were expressed in cm? per plant.

3.6.1.3 Physiological parameters

3.6.1.3.1 Chlorophyll Content

Total chlorophyll content of top feed as well as Bajra Napier hybrid was
estimated from the fully opened second leaf from the top of the sample plant and
was analysed by the method suggested by Arnon (1949) and expressed in mg g* of

fresh weight leaf.

Total chlorophyll = 8.02 Asez + 20.20 Asss X \Y/
1000 x W
where,
A = absorbance at specific wavelengths.
V = final volume of chlorophyll extract in 80 per cent acetone.

W = fresh weight of tissue extracted in 80 per cent acetone.



3.6.1.4 Competitive indices
3.6.1.4.1 Land equivalent ratio (LER)

LER was worked out for the mixture plots using the formula suggested by

Willey and Osiru (1972).
LER = [Yab + (Yaa X Zab)]| + [Yba + (Ybb X Zba)]

Yaa and Ybb are the sole crop yield and Yab and Yba are the individual crop yields
in intercropping system. Zab and Zba are the proportion of land area occupied in
intercropping when compared to sole crop for species a and b respectively.
3.6.1.4.2 Area time equivalent ratio (ATER)

ATER was worked out by using the formula put forward by Hiebsch (1978).

ATER = [(RYa x ta) + (RYb x th)(RYc X tc] +T
RY = relative yield of species a (agathi), b (Erythrina) and ¢ (drumstick)
t = duration (days) for species a, b and ¢
T = duration (days) of the intercropping system

3.6.1.4.3 Aggressivity

The method proposed by Mc Gilchrist (1965) was adopted to assess how
much relative yield increase in species A is greater than that of B in an intercropping
system.

Aab =Yab/YaaZab Yba/Ybb Zba

where,
Yaa = pure stand yield of species a
Ybb = pure stand yield of species b
Yab= mixture yield of species ‘a’ in combination with ‘b’
Yba = mixture yield of species ‘b’ in combination with ‘a’
Zab= sown proportion of species ‘a’ in mixture with ‘b’
Zba = sown proportion of species ‘b’ in mixture with ‘a’

3.6.1.4.4 Relative crowding coefficient (RCC)

RCC was worked out using the formula proposed by de Wit (1960).
Kab =Yab <+ [(Yaa —Yab)Zab]
Kba = Yba + [(Ybb —Yba)Zba]



Kab and Kba = product of coefficient of species a and b respectively

3.6.1.4.5 Competitive ratio (CR)

Competitive ratio (CR) is proposed by Willey and Rao (1980) as a measure
of intercrop competition, to indicate the number of times by which one component
crop is more competitive than the other.

Crab = (L E Ra/ LERb) X Zbal/Zab
3.4.1.4.6 Monetary advantage Index (MAI)

The economic feasibility of intercropping over sole cropping was calculated
using the monetary advantage index (MAI). MAI is an important index in
determining economic viability of intercropping. It was calculated as suggested by
Willey (1979)

For a dual-crop mixture, the minimum expected productivity
MAI = Value of combined intercrops X (LER —1)
LER

3.6.1.5. Quality characters
3.6.1.5.1 Crude Protein Content

The crude protein content was calculated by multiplying the nitrogen
content of the plant by the factor 6.25 (Simpson et al., 1965).
3.6.1.5.2 Crude Fibre Content

The crude fibre content was detrmined by AOAC method (AOAC, 1975).
3.6.1.6 Uptake Studies

Samples were collected at harvest, chopped, sundried and oven dried
(65 +5° C) to a constant weight. Samples were ground to pass through a 0.5 mm
mesh in a Willey Mill and required quantity of samples were digested and used for
nutrient analysis.
3.6.1.6.1 Uptake of Nitrogen

The nitrogen content in plant was estimated by modified microkjeldhal
method (Jackson, 1973). The uptake of N by the fodder crop was calculated as the



product of the content of the nutrient in plants and the dry weight of plants and
expressed as kg ha™'.
3.6.1.6.2 Uptake of Phosphorus

The phosphorus content in the plant was estimated colorimetrically by
Vanado - molybdate yellow colour method using spectrophotometer (Jackson,
1973). The phosphorus uptake was calculated by multiplying the phosphorus
content with dry weight of plants. The values were expressed in kg ha™'.
3.6.1.6.3 Uptake of Potassium

The potassium content in the plant samples was determined by the flame
photometric method (Jackson, 1973). The uptake of potassium was calculated as
product of potassium content and dry weight of plants and expressed in kg ha™.
3.6.1.7 Carbon sequestration potential of the system

The oven dried samples of top feeds and Bajra Napier hybrid were ground
thoroughly to pass through 2 mm sieve and used for analyzing the carbon
concentrations, by igniting in muffle furnace at 550° C for 6 h (Gaur, 1975). Carbon
content in the each samples were multiplied with the corresponding component dry
biomass (Nair et al., 2010) and summed up to calculate the overall plant carbon
stocks of various systems and expressed on hectare basis.
3.6.1.8 Soil Analysis

The soil samples were collected before and after from individual plots of the
experimental area. The composite samples drawn from the individual plots were air
dried in shade, powdered, sieved through 2 mm sieve and analyzed for available
nitrogen, available phosphorus, available potassium and organic carbon content.
The available nitrogen content was estimated by alkaline potassium permanganate
method (Subbiah and Asija, 1956), the available phosphorus content was estimated
by Bray's colorimetric method (Jackson, 1973), available potassium by neutral
normal ammonium acetate method (Jackson, 1973) and organic carbon content by
Walkley and Black rapid titration method (Jackson, 1973).



3.6.2 Experiment-11
3.6.2.1. Proximate analysis of tree fodders
Proximate composition such as crude protein (CP), ether extract (EE), crude
fibre (CF) and total ash (TA) were analysed by standard methods (AOAC, 2012).
The fibre fractions viz. neutral detergent fiber, (NDF) and acid detergent fiber
(ADF) were determined by the method suggested by Van Soest et al. (1991). Dry
matter content was calculated by drying the sample at 60° C in hot air oven till the
constant weight. The phosphorus content of the samples were analysed
colorimetrically by vanado-molybdate yellow colour method using
spectrophotometer and potassium by flame photometric method. The magnesium
and calcium content in plant samples were estimated using atomic absorption
spectrophotometry (Jackson, 1973).
3.6.2.1.1 Dry matter
Dry matter content was calculated by drying the sample at 65 +5° C in hot
air oven till the constant weight.
3.6.2.1.2 Crude protein
Crude protein content of the samples were calculated by multiplying
the nitrogen content of plant samples by the factor 6.25 (Simpson et al., 1965)
and expressed in percentage.
3.6.2.1.3 Crude fibre
Crude fibre content of the samples were determined by A. O. A. C. method
(AOAC, 1975) and expressed in per cent.
3.6.2.1.4 Ether extract
Ether extract of the plant samples which represent the crude fat content of
the samples were estimated by extracting crude fat by using organic solvent
petroleum benzene (AOAC, 1975) and expressed in percentage.
3.6.2.1.5 Total ash
Total ash content of the plant samples was determined by igniting a known
quantity of sample at 600° C for three hours (AOAC, 1975)
3.6.2.1.6 Nitrogen free extract



Nitrogen free extract was determined by subtracting percentage crude protein,
crude fiber, ether extract and total ash from 100.
3.6.2.1.7 Acid detergent fibre and neutral detergent fibre
Acid detergent fibre and neutral detergent fibre was determined by Van Soest
etal. (1991).
3.6.2.1.8 Phosphorus
The phosphorus content in the plant was estimated colorimetrically by
vanado-molybdate yellow colour method using spectrophotometer (Jackson,
1973).
3.6.2.1.9 Potassium (K)
The potassium content in the plant samples was determined by the flame
photometric method (Jackson, 1973).
3.6.2.1.10 Calcium and magnesium
The calcium and magnesium content in plant samples were estimated using
Atomic absorption spectrophotometry (Jackson, 1973).
3.6.2.1.11 Ca: Mg ratio
The calcium and magnesium content in plant samples were estimated using
atomic absorption spectrophotometry (Jackson, 1973) and the ratio were
computed.
3.6.2.1.12 K: Caratio
The potassium content in the plant samples was analysed by the flame
photometric method and that of calcium content by atomic absorption
spectrophotometry (Jackson, 1973) and the ratio were computed.
3.6.2.1.13 Iron and zinc
The content of micro nutrients viz., iron and zinc, in plant samples were

estimated by Atomic absorption spectrophotometry (Jackson, 1973).



3.7 ECONOMIC ANALYSIS
Economics was worked out for the experiment based on the prevailing

output and input market price of the fodder crop.
3.7.1 Net Income

The net income was calculated by subtracting cost of cultivation from gross
income and expressed in T ha,

Net income (% ha™) = Gross income (% ha) - Cost of cultivation (% ha™).
3.7.2 B: C ratio
B: C ratio was worked out as the ratio of gross income to cost of cultivation.

B: Cratio=  Gross income (%)

Cost of cultivation ha* (%)

3.8 STATISTICAL ANALYSIS

The data on various parameters were statistically analysed using analysis of

variance technique (ANOVA) for split split plot experiment and the significance
was tested by F test. If the effects were found to be significant, CD (P=0.05) values

were calculated at five per cent probability level.



4. RESULTS

The present experiment entitled “Performance and carbon sequestration
potential of top feeds under varied planting geometry” was conducted at
Instructional Farm, College of Agriculture, Vellayani, Thiruvananthapuram during
April 2019 to April 2021 to standardize the optimum plant population for higher
green forage yield, quality and carbon sequestration potential and to assess the
performance for different plant species as top feeds under sole and intercropping
system. The study also envisaged to assess the quality of predominant fodder trees
and shrubs of southern Kerala. The experimental data collected were analysed

statistically and the results are presented in this chapter.

4.1 EXPERIMENT 1: PERFORMANCE AND CARBON SEQUESTRATION
POTENTIAL OF TOP FEEDS UNDER VARIED PLANTING GEOMETRY

4.1.1 Growth and yield attributes of top feeds during first year

The observations on growth and yield attributes of top feeds like number of
branches, leaf stem ratio, green fodder yield, dry fodder yield and dry matter content
were recorded and the results are presented below.
4.1.1.1 Number of branches

The result of the effect of cropping system, top feeds and spacing of top
feeds on number of branches of top feeds in four harvests during first year are
presented in Tables 2a, 2b and 2c.

The data on mean number of branches of top feeds over all the harvests
revealed that mean number of branches did not vary significantly with different
cropping system and planting geometry of top feeds. However, considering
different top feeds in sub plot, agathi recorded significantly higher mean number of
branches (12.23). Regarding the interaction between cropping system and top feeds,
C1F1 recorded higher mean number of branches (12.37) and it was on par with C2F;.
Results of the interaction between cropping system and planting geometry revealed
that the treatment combination C1Gy recorded significantly higher mean number of

branches of 12.37 during the first year. Considering the interaction between top



feeds and planting geometry, mean branch number was the highest for F1G;1 (12.95)
and it was on par with F1G.. The mean number of branches significantly varied with
respect to the interaction between cropping system, top feeds and planting geometry
with higher mean value in C1F1G; (14.43).

The data on number of branches of top feeds over four harvests during first
year revealed that the number of branches of top feeds was significantly higher
under sole cropping than intercropping in second and third harvest (9.97 and 8.08),
whereas number of branches did not vary significantly in first and fourth harvest.
Among top feeds, agathi recorded significantly highest number of branches in all
the four harvests (12.26, 14.3, 11.72 and 10.62 respectively), whereas the lowest
number was observed in drumstick. The number of branches did not vary
significantly with respect to planting geometry of top feeds in any of the harvest.

The interaction effect of cropping system with top feeds was found to be
significant in first and third harvest. C1F1 recorded the highest number of branches
in first harvest (12.65) and it was on par with C2F1, whereas in the third harvest,
CaF1recorded the highest value (11.99) and it was on par with C1F1.The interaction
effect of cropping system with spacing (CG) and top feeds with spacing (FG) were
found to be non-significant in all the four harvests.

The number of branches of top feeds were not varied significantly with
respect to interaction of cropping system, top feeds and planting geometry in all
harvests except the second and higher number of branches was observed in C1F1G1
(18.51) and it was on par with C1F1G> (15.80).



Table 2a. Effect of cropping system, top feeds and planting geometry on number
of branches of top feeds during first year

Number of branches

Treatments Harvest | Harvest | Harvest | Harvest

l 1 1 v | Mean
Cropping system (C)
C1: Sole crop (Top feeds) 7.89 9.97 8.08 6.79 8.18
ﬁ%:?é)ercmp (Bajra Napier 755 8.66 7.95 688 | 7.76
SEm (1) 0.32 0.06 0.02 0.05 0.08
CD (P=0.05) NS 0.367 0.127 NS NS
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 12.26 14.30 11.72 10.62 12.23
F2: Erythrina (Erythrina indica) 6.57 7.92 6.61 5.69 6.70
Fs: Drumstick (Moringa oleifera) 4.32 5.72 5.71 4.19 4.99
SEm (1) 0.32 0.50 0.18 0.30 0.15
CD (P=0.05) 1.056 1.638 0.585 0.982 0.480
Planting geometry of top feeds (G)
Gi:2mx1m 7.79 9.47 8.36 6.76 8.10
G2:2mx0.5m 7.08 9.67 7.75 6.60 7.78
Gs: Paired system 8.28 8.80 7.93 7.14 8.04
SEm (1) 0.47 0.52 0.39 0.35 0.19
CD (P=0.05) NS NS NS NS NS

NS: Not significant







Table 2b. Effect of C x F, C x G and F x G interactions on number of branches of

top feeds during first year.

Number of branches

Treatments Harvest Harvest Harvest Harvest
| 1 1 IV Mean
CiF1 12.65 15.30 11.45 10.09 12.37
CiFs 761 9.40 721 6.22 761
CiFs 3.40 5.20 5.57 4.06 4.56
CF, 11.88 13.30 11.99 11.16 12.08
C,F» 5.53 6.44 6.01 5.16 5.79
CoFs 5.24 6.24 5.85 433 5.42
SEm (%) 0.46 0.71 0.25 0.43 0.21
CD (P=0.05) 1.494 NS 0.827 NS 0.679
C.G1 8.32 10.94 9.05 6.81 12.37
C1G, 6.73 10.17 7.73 6.28 7.61
C1Gs 8.61 8.79 7.45 7.27 8.03
CG1 7.27 7.99 7.67 6.71 7.41
C.G, 7.43 9.17 7.77 6.93 7.83
C1Gs 7.95 8.81 8.42 7.02 8.05
SEm () 0.66 0.74 0.55 0.49 0.27
CD (P=0.05) NS NS NS NS 0.781
F.G1 12.42 15.15 13.36 10.87 12.95
F1G> 12.17 14.83 10.87 10.52 12.10
F1Gs 12.20 12.92 10.93 10.48 11.63
F.Gy 6.54 758 6.50 5.45 6.51
FoGo 5.42 8.32 6.13 5.17 6.26
F.Gs 7.76 7.86 7.20 6.46 7.32
F3G1 4.43 5.67 5.22 3.96 4.82
F3G> 3.66 5.88 6.25 4,12 4.98
FsGs 4.88 5.61 5.67 4.49 5.16
SEm (%) 0.81 0.91 0.68 0.60 0.33
CD (P=0.05) NS NS NS NS 0.957

NS: Not significant




Table 2c. Interaction effect of cropping system, top feeds and planting geometry
on number of branches of top feeds during first year

Treatments

Number of branches

Harvest Harvest Harvest Harvest Mean
| 1 i \Y;

CiF1G1 14.07 18.51 14.49 10.66 14.43
CiF1G2 12.08 15.80 10.77 10.11 12.19
CiFiG3 11.80 11.59 9.08 9.48 10.49
Ci1F2Ga 7.78 9.21 7.49 6.15 7.66
Ci1F2Ga 5.65 8.85 6.30 5.00 6.45
Ci1F2Gs 9.40 10.13 7.86 7.52 8.73
C1F3Gy 3.10 5.10 5.18 3.63 4.26
C1F3G2 2.46 5.87 6.12 3.74 455
C1F3Gs3 4.62 4.65 5.41 4.81 4.87
CaF1Gy 10.77 11.79 12.23 11.08 11.47
CoF1Gs 12.26 13.85 10.97 10.93 12.00
C.F1Gs3 12.59 14.26 12.78 11.47 12.78
CoF2G1 5.29 5.94 5.51 4.74 5.37
CoF2Go 5.19 7.78 5.96 5.34 6.07
C.F2Gs3 6.12 5.59 6.55 5.41 5.92
CoF3Gy 5.75 6.24 5.26 4.30 5.39
CoF3Gs 4.85 5.89 6.38 451 5.41
C.F3Gs3 5.13 6.58 5.92 4.17 5.45
SEm (&) 1.15 1.28 0.96 0.85 0.46
CD (P=0.05) NS 3.747 NS NS 1.353

NS: Not significant




4.1.1.2 Leaf stem ratio

The data on effect of cropping system, top feeds and spacing on leaf stem
ratio of top feeds over four cuts during first year are furnished in Tables 3a, 3b and
3c.

Data of mean leaf stem ratio over all the harvests revealed that the cropping
system did not vary significantly in the first year. Among different top feeds, the mean
leaf stem ratio was found significantly higher in agathi (0.76) over rest of the top
feeds. Among three planting geometry of top feeds, treatment G1 (2 m x 1 m)
recorded significantly higher mean leaf stem ratio of 0.74 during first year.

The interaction between cropping system and top feeds did not show any
significant effect on mean leaf stem ratio, however the interaction between cropping
system and planting geometry had significant influence on mean leaf stem ratio and
significantly higher mean leaf stem ratio was noticed in C1G1 (0.80). Moreover,
significant interaction between top feeds and spacing was also observed with
respect to mean leaf stem ratio and significantly higher value was noticed in F1G
(0.83). The result also shown that no significant interaction between cropping
system, top feeds and planting geometry was noticed with respect to mean leaf stem
ratio of top feeds over first year.

The data on leaf stem ratio over four different harvests during first year
revealed that the leaf stem ratio was not varied significantly with respect to cropping
system in all harvests except in the third harvest. However growing top feeds as
sole crops recorded significantly higher leaf stem ratio in third harvest (0.72). In the
case of subplot factor, leaf stem ratio differed significantly in all harvests except
first harvest. At the second harvest, Erythrina recorded significantly higher leaf
stem ratio (0.81), whereas agathi observed to be superior with respect to leaf stem
ratio in third and fourth harvests (0.79 and 0.81 respectively). In the case of sub-
sub plot factor, significant difference was observed in all harvests except first.
Growing top feeds at a spacing of 2 m x 1 m (G1) was observed significantly
superior with respect to the leaf stem ratio in second, third and fourth harvest (0.83,

0.76 and 0.77 respectively).



Interaction effect of cropping system with top feeds did not differ
significantly at first, third and fourth harvest. However, treatment combination
C1F2 recorded significantly higher value at second harvest (0.94). The same trend
was also observed in the interaction of cropping system and spacing in which no
significant effect was observed in all harvests except the second harvest (0.93).
Moreover, significant interaction between top feeds and spacing was observed in
leaf stem ratio of first and second harvest during first year. At first harvest, F1G;
recorded higher leaf stem ratio of 0.74 and it was on par with F1G3, F2G2, F2Gs
and F3Gs. However at second harvest, F2G1 recorded the highest value of 0.96 and
it was on par with F1G1, F1G2, and F2Gs.

Significant interaction between cropping system, top feeds and planting
geometry was noticed only in second and fourth harvests. C1F.G3 registered
significantly higher value (1.23) in second harvest whereas C2F1G> recorded the
highest value in fourth harvest (0.94) and it was on par with C2F1Gy, C1F1Gy,
C1F1G3, and C1F2Gs.



Table 3a. Effect of cropping system, top feeds and planting geometry on leaf
stem ratio of top feeds during first year

Treatments

Leaf stem ratio of top feeds

Harvest | Harvest | Harvest | Harvest | Mea
I 1 11 v n

Cropping system (C)
Cz: Sole crop (Top feeds) 0.66 0.83 0.72 0.70 0.73
C2: Intercrop (Bajra Napier Hybrid) 0.58 0.68 0.64 0.67 0.64
SEm (&) 0.03 0.03 0.01 0.03 0.02
CD (P=0.05) NS NS 0.069 NS NS
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 0.63 0.79 0.79 0.81 0.76
F2: Erythrina (Erythrina indica) 0.65 0.81 0.63 0.63 0.68
Fs: Drumstick (Moringa oleifera) 0.58 0.66 0.61 0.62 0.62
SEm (%) 0.04 0.02 0.03 0.02 0.01
CD (P=0.05) NS 0.077 0.093 0.073 | 0.043
Planting geometry of top feeds (G)
Gu2mx1lm 0.61 0.83 0.76 0.77 0.74
G2:2mx0.5m 0.65 0.66 0.66 0.62 0.65
Gs: Paired system 0.60 0.77 0.62 0.67 0.67
SEm (%) 0.03 0.04 0.03 0.02 0.01
CD (P=0.05) NS 0.104 0.096 0.066 | 0.039




Table 3b. Effect of C x F, C x G and F x G interactions on leaf stem ratio of top
feeds during first year

Leaf stem ratio of top feeds
Treatments Harvest Harvest | Harvest | Harvest
| 1 i (\ Mean
CiFy 0.72 0.79 0.84 0.78 0.78
CiFo 0.67 0.94 0.66 0.65 0.73
CiFs 0.60 0.75 0.67 0.66 0.67
CoFs 0.54 0.79 0.75 0.83 0.73
C,F» 0.63 0.68 0.60 0.62 0.63
CoFa 0.56 0.56 0.56 0.58 0.56
SEm (%) 0.05 0.03 0.04 0.03 0.02
CD (P=0.05) NS 0.109 NS NS NS
C.Gy 0.65 0.91 0.83 0.81 0.80
C1G, 0.66 0.64 0.67 0.59 0.64
C1Gs 0.68 0.93 0.67 0.69 0.74
C.G; 0.58 0.74 0.69 0.72 0.68
C.G, 0.64 0.69 0.64 0.66 0.66
C.Gs 0.51 0.61 0.58 0.64 0.59
SEm () 0.04 0.05 0.05 0.03 0.02
CD (P=0.05) NS 0.147 NS NS 0.055
F.G: 0.74 0.85 0.89 0.86 0.83
F1G> 0.54 0.79 0.84 0.78 0.74
F.Gs 0.61 0.73 0.65 0.77 0.69
FoG1 0.55 0.96 0.73 0.74 0.75
FoGo 0.71 0.60 0.56 0.52 0.60
F,Gs 0.69 0.89 0.61 0.64 0.70
F3G1 0.55 0.67 0.66 0.70 0.64
F.G, 0.69 0.60 0.56 0.58 0.61
FsGs 0.50 0.70 0.62 0.59 0.60
SEm () 0.05 0.06 0.06 0.04 0.02
CD (P=0.05) 0.132 0.181 NS NS 0.067

NS: Not Significant




Table 3c. Interaction effect of cropping system, top feeds and planting geometry

on leaf stem ratio of top feeds during first year

Leaf stem ratio of top feeds

Treatments Harvest Harvest Harvest Harvest
Mean
I I 1l Y
CiF1G1 0.84 0.85 0.94 0.92 0.89
Cik1Ge 0.53 0.73 0.87 0.63 0.69
CiF1Gs 0.80 0.80 0.71 0.80 0.78
CiF2G1 0.54 0.96 0.86 0.81 0.80
CiF2G2 0.77 0.64 0.52 0.52 0.61
CiF2Gs 0.70 1.23 0.59 0.60 0.78
CiFsC1 0.56 0.93 0.69 0.71 0.72
CiF3G2 0.68 0.55 0.62 0.63 0.62
C1F3Gs3 0.54 0.77 0.70 0.66 0.67
CaF1Gy 0.64 0.86 0.83 0.80 0.78
CoF1Go 0.55 0.85 0.82 0.94 0.79
CoF1Gs 0.42 0.66 0.60 0.74 0.61
CoF2G1 0.56 0.95 0.59 0.67 0.69
CoF2Gs 0.66 0.56 0.60 0.51 0.58
CoF-Gs 0.67 0.54 0.62 0.67 0.62
CoF3G1 0.56 0.95 0.63 0.69 0.57
CoF3Gs 0.66 0.56 0.51 0.52 0.59
CoF3Gs 0.67 0.54 0.53 0.52 0.53
SEm (%) 0.06 0.09 0.08 0.06 0.03
CD (P=0.05) NS 0.255 NS 0.161 NS

NS: Not significant




4.1.1.3. Green fodder yield

The data on effect of cropping system, top feeds and spacing on the green
fodder yield of top feeds during first year are presented in Tables 4a, 4b and 4c.

The data on total green fodder yield of top feeds over first year revealed that
cropping system had significant influence on total green fodder yield and
significantly higher value was noticed in intercropping system(18.3t ha™ yr?) than
sole cropping (12.84t hat yr'!). Among three different top feeds, agathi recorded
significantly higher total green fodder yield of 21.61t ha® yr!, whereas Erythrina
recorded the lowest value of 9.65 t ha® yr. Regarding the sub-sub plot factor, the
highest total green fodder yield of 16.27 t ha yr! was noticed in Gs and the value
was comparable to G,. Regarding the interaction between cropping system and top
feeds, the total green fodder yield was significantly higher for CoF1 (25.87 t halyr
1y.With respect to interaction between cropping system and planting geometry,
higher total GFY was noticed in C,G (19.19 t hat yr') and it was on par with
C.G3 (18.97 t hat yr!). Considering the interaction between top feeds and planting
geometry, F1G; registered significantly higher total GFY of 23.83 t ha? yr?,
Significant interaction between cropping system, top feed and spacing was noticed
with respect to total GFY during first year and significantly higher total GFY was
noticed in C2F1G2 (30.53 t ha™ yr™).

The result on green fodder yield of top feeds over four harvests during first
year showed that green fodder yield of top feeds significantly varied with cropping
systems in first, second, third and fourth harvests and intercropping recorded
significantly higher values. Among the three different top feeds, agathi recorded
significantly higher green fodder yield (4.54, 5.76, 6.83 4.48 t ha'lrespectively) and
Erythrina registered significantly lower green fodder yield in all the four harvests.
Among three planting geometry, Gz recorded the highest green fodder yield in
first, second and fourth harvests (3.32 t ha*, 4.35 t ha! and 3.39 t ha'respectively)
and it was on par with G, (3.19 t ha',4.21 t ha! and 3.28 t ha™respectively).
However in the third harvest, G, recorded higher green fodder yield (5.23 t ha™l)
and remained on par with G (3.28 t ha).



Among different treatment combinations in sub plot, C2F1 was significantly
superior with respect to the green fodder yield in all the four harvests and the highest
green fodder yield was recorded in third harvest (8.08 t ha'') followed by second
(6.99 t ha) and fourth harvest (5.42 t ha™).The result also revealed that there was
significant interaction between cropping system and spacing in all harvests except
the first and fourth harvest. C2G2 was superior with respect to the green fodder yield
in second and third harvest (5.13 t ha' and 6.31 t ha™* respectively).

Significant interaction between top feed and spacing was observed in green
fodder yield of top feeds and it was also observed that F1G> recorded higher yield
of4.86tha?, 6.30tha?, 7.72 t hal, and 4.97 t ha"lrespectively in first, second, third
and fourth harvest and the values were on par with F1Gs in first, second and fourth
harvest.

Significant interaction between cropping system, top feed and spacing was
observed in green fodder yield of top feeds in all harvests and significantly higher
value was noticed in CoF1G in first (6.06 t hat), second (8.04 t ha'l), third (10.00 t
hal) and fourth (6.43 t hal) harvest.

Significant interaction between cropping system and top feed was recorded
in all the four harvests. The treatment combination CzF1 recorded significantly
higher dry fodder yield in first (1.38 t ha!), second (1.61 t ha'l), third (2.16 t ha?)
and fourth (1.29 t ha') harvests. The interaction effect of cropping system and
spacing on dry fodder yield was significant for C2G; in second harvest (1.31 t ha)
and for C2Gs (1.68 t ha®) in third harvest. However the dry fodder yield yield was
not significant in first and fourth harvests. Significant interaction between top feed
and spacing was observed in dry fodder yield of top feeds and it was also observed
that F1G> recorded higher yield of 1.25 t ha?, 1.56 t ha™* and 1.21 t ha'*respectively
in first, second and fourth harvests and the values were on par with F1Gzin first and
fourth harvests. However F1Gs recorded higher dry fodder yield in third harvest
(1.94 t ha) and the value was comparable with F1G>.

Significant interaction between cropping system, top feed and spacing was
observed in dry fodder yield of top feeds in all harvests and significantly higher



value was noticed in C2F1G: in first (1.57 t ha!), second (2.00 t hat), third (2.49 t
ha!) and fourth (1.54 t ha) harvest.

Table 4a. Effect of cropping system, top feeds and planting geometry on green
fodder yield of top feeds during first year, t ha™

Green fodder yield of top feeds
Treatments Harvest | Harvest | Harvest | Harvest

| 1 11 v | ol
Cropping system (C)
C1: Sole crop (Top feeds) 2.65 3.33 4.19 2.66 12.84
Ca :Intercrop(Bajra Napier Hybrid) 3.73 4.88 591 3.77 18.30
SEm (&) 0.040 0.150 0.025 0.032 0.105
CD (P=0.05) 0.248 0.926 0.157 0.198 0.651
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 454 5.76 6.83 4.48 21.61
F2: Erythrina (Erythrina indica) 1.91 2.54 3.23 1.95 9.65
Fs: Drumstick (Moringa oleifera) 3.11 4.01 5.10 3.22 15.44
SEm (%) 0.07 0.09 0.06 0.08 0.14
CD (P=0.05) 0.230 0.303 0.189 0.260 0.468
Planting geometry of top feeds (G)
Gu2mx1lm 3.06 3.76 4.73 2.97 14.53
G2:2mx0.5m 3.19 4.21 5.23 3.28 15.91
Ga: Paired system 3.32 4.35 5.20 3.39 16.27
SEm (%) 0.07 0.07 0.04 0.11 0.15
CD (P=0.05) 0.199 0.213 0.112 0.306 0.427




Table 4b. Effect of C x F, C x G and F x G interactions on green fodder yield of

top feeds during first year, t ha'

Green fodder yield of top feeds

Treatments Harvest Harvest Harvest | Harvest
| I i IV Total
CiFs 3.72 4.54 5.57 353 17.36
CiF» 2.01 2.67 3.46 2.13 10.29
CiFs 2.22 2.79 3.5 2.31 10.87
CoFs 5.37 6.99 8.08 5.42 25.87
C,F» 1.81 241 3.00 1.77 9.01
CoFs 4.00 5.24 6.64 413 20.02
SEM () 0.22 0.13 0.08 0.11 0.20
CD (P=0.05) 0.067 0.428 0.267 0.368 0.662
C1G, 2.58 3.19 4.03 251 12.31
C1Go 2.58 3.29 4,14 2.61 12.62
C1Gs 2.79 3.52 4.41 2.86 13.58
C.G 3.54 4.33 5.43 3.43 16.74
C,Ga 3.79 5.13 6.31 3.96 19.19
C,Gs 3.85 4.74 5.99 3.93 18.97
SEm (%) 0.10 0.10 0.05 0.15 0.21
CD (P=0.05) NS 0.301 0.158 NS 0.603
F1G1 4.17 4.88 5.99 3.78 18.88
F1G> 4.86 6.30 7.72 497 23.83
F1Gs 4.60 6.11 6.77 4.68 2217
FoG1 1.91 2.48 3.09 1.97 9.46
F,Ga 1.85 2,51 3.31 1.88 9.56
F,Gs 1.97 2.64 3.29 2.00 9.92
F3G1 3.08 3.92 5.10 3.17 15.28
FsGs 2.85 3.82 4.65 3.00 14.32
F3G3 3.39 4.30 5.54 3.50 16.73
SEm (%) 0.12 0.13 0.07 0.18 0.25
CD (P=0.05) 0.345 0.369 0.194 0.530 0.739




Table 4c. Interaction effect of cropping system, top feeds and planting geometry

on green fodder yield of top feeds during first year, t ha

Green fodder yield of top feeds

Treatments | Harvest Harvest Harvest Harvest

| I 1 WY, Total

CiF1G1 3.70 4.17 5.27 3.20 16.33
CiF:G2 3.66 455 5.44 3.50 17.13
Ci1F1Gs 3.79 4.89 6.01 3.90 18.60
CiFGy 1.89 2.53 3.19 2.07 9.70
C1F2G2 2.04 2.69 3.66 2.20 10.60
Ci1F2Gs 2.10 2.79 3.52 2.13 10.57
C1F3Gy 2.14 2.86 3.62 2.27 10.90
C1F3G2 2.03 2.63 3.33 2.13 10.13
C1F3Gs 2.48 2.87 3.69 2.53 11.57
CaF1G1 4.65 5.58 6.71 4.37 21.33
CoF1G2 6.06 8.04 10.00 6.43 30.53
CoF1Gs 5.40 7.35 7.52 4.47 25.73
CoF2G1 1.93 2.43 2.99 1.87 9.23
C2F2G2 1.66 2.33 2.95 1.57 8.53
CoF2Gs 1.83 2.49 3.05 1.87 9.27
C2F3Gs 4.03 4.98 6.58 4.07 19.67
C2F3G2 3.66 5.02 5.97 3.87 18.50
CoF3Gs 4.31 5.72 7.38 4.47 21.90
SEm (%) 0.17 0.18 0.09 0.26 0.36
CD (P=0.05) 0.488 0.522 0.274 0.749 1.045




4.1.1.4. Dry fodder yield

The data on the effect of cropping system, top feeds and spacing on the dry
fodder yield of top feeds during first year are furnished in Tables 5a, 5b and 5c.

The data on total dry fodder yield of top feeds over four different harvests
during first year revealed that growing top feeds along with Bajra Napier hybrid
(C) registered significantly higher total dry fodder yield of 4.57 t hat yr. However
C1 recorded significantly lower total dry fodder yield of 3.25 t hat yr. Considering
three different top feeds that were grown in subplot, agathi recorded significantly
higher total dry fodder yield of 5.40 t ha™ yrl. At the same time Erythrina had the
lowest total dry fodder yield (2.44 t ha'! yr!). Regarding the planting geometry of
top feeds, paired system of planting (Gs) was observed to be significantly superior
with respect to total dry fodder yield of 4.10 t ha yr. The interaction between
cropping system and top feeds with respect to total dry fodder yield was found to
vary significantly and higher value was noticed in C2F1 (6.44 t ha' yrt). However
considering the interaction between cropping system and planting geometry, the
highest total dry fodder yield was noticed in C.G, (4.80 t ha yr) and it was on par
with C>Gs. Significant interaction between top feeds and planting geometry was
noticed with respect to total dry fodder yield and higher value was noticed in F1G>
(5.95 t hat yrl). Considering the interaction between cropping systems, top feeds
and planting geometry, total dry fodder yield was significantly superior in C2F1G2
(7.63 t halyr?)

The data on dry fodder yield of top feeds at each harvest during first year
revealed that growing top feeds in intercropping system recorded significantly
higher dry fodder yield of top feeds in first (0.95 t hal), second (1.19 t hal), third
(1.52 t ha') and fourth (0.92 t ha*) harvest. Among different sub plot factors, agathi
recorded significantly higher dry fodder yield at all harvests. (1.14 t ha®, 1.37 t ha-
171.78 t hal and 1.09 t ha® respectively). Among three planting geometry, Gs
registered higher dry fodder yield in first and fourth harvests (0.83 t ha'and 1.39 t
hat). At first harvest, it was on par with G (0.81 t ha™') .However in second harvest,
G2 was observed to be higher in dry fodder yield (1.07 t ha') and it was on par with
Gs (1.04 t hat). However total dry fodder yield was higher in Gz (4.10 t hatyr?).



Table 5a. Effect of cropping system, top feeds and planting geometry on dry

fodder yield of top feeds during first year, t ha™

Dry fodder yield of top feeds

Treatments Harvest | Harvest | Harvest | Harvest

| I 1l v | ol
Cropping system (C)
C1: Sole crop (Top feeds) 0.66 0.86 1.06 0.68 3.25
C, :Intercrop(Bajra Napier Hybrid) 0.95 1.19 1.52 0.92 4.57
SEm () 0.01 0.03 0.01 0.01 0.03
CD (P=0.05) 0.057 0.194 0.068 0.039 0.205
Top feeds (F)
F1: Agathi(Sesbania grandiflora) 1.14 1.38 1.78 1.09 5.40
F2: Erythrina (Erythrina indica) 0.48 0.66 0.80 0.51 2.44
Fs: Drumstick (Moringa oleifera) 0.79 1.02 1.29 0.79 3.89
SEm () 0.02 0.02 0.01 0.02 0.04
CD (P=0.05) 0.054 0.067 0.035 0.074 0.126
Planting geometry of top feeds (G)
Gi:2mx1m 0.76 0.96 1.18 0.76 3.65
G2:2mx0.5m 0.81 1.07 1.30 0.80 3.98
Gs: Paired system 0.84 1.04 1.39 0.83 4.10
SEm () 0.02 0.02 0.01 0.03 0.03
CD (P=0.05) 0.057 0.061 0.028 NS 0.098




Table 5b. Effect of C x F, C x G and F x G interactions on dry fodder yield of top
feeds during first year, t ha

Dry fodder yield of top feeds

Treatments Harvest Harvest Harvest Harvest
| I 1 IV Total
CiFs 0.91 1.14 1.40 0.90 4.35
CiF 0.52 0.68 0.87 0.53 2.59
CiFs 0.55 0.76 0.91 0.59 2.79
CoF1 1.38 1.61 2.16 1.29 6.44
CoF» 0.44 0.64 0.74 0.48 2.29
CoFs 1.04 1.32 1.67 0.98 4.9
SEm (2) 0.023 0.029 0.015 0.032 0.055
CD (P=0.05) 0.076 0.094 0.049 0.105 0.178
Ci1G 0.64 0.84 1.03 0.63 3.14
CiG2 0.65 0.84 1.04 0.65 3.17
CiG3 0.69 0.89 1.11 0.74 3.43
CoG1 0.89 1.08 1.32 0.89 4.16
CoG2 0.98 1.31 1.57 0.95 4.80
CoG3 0.98 1.19 1.68 0.91 4,76
SEm (%) 0.027 0.029 0.014 0.035 0.047
CD (P=0.05) NS 0.086 0.040 NS 0.138
F1G1 1.01 1.22 1.48 0.96 4.68
F1G2 1.25 1.56 1.92 1.21 5.95
F1G3 1.17 1.34 1.94 1.12 5.57
F2G1 0.49 0.64 0.71 0.55 2.37
F2G2 0.46 0.66 0.83 0.46 2.40
F2Gs 0.49 0.68 0.87 0.52 2.55
F3Gs1 0.79 1.02 1.34 0.78 3.90
F3G2 0.74 0.99 1.16 0.74 3.60
F3Gs 0.86 1.04 1.38 0.85 4.17
SEm (%) 0.03 0.04 0.02 0.04 0.06
CD (P=0.05) 0.098 0.105 0.049 0.127 0.169

NS: Not significant




Table 5c. Interaction effect of cropping system, top feeds and planting geometry
on dry fodder yield of top feeds during first year, t ha

Dry fodder yield of top feeds
Treatments | Harvest | Harvest Harvest Harvest

| I 11 v Total

CiF1G1 0.87 1.07 1.36 0.80 4.10
CiF1G2 0.93 1.13 1.35 0.87 4.27
CiFiGs 0.93 1.23 1.50 1.03 4.68
C1F2Gy 0.51 0.65 0.77 0.52 2.44
C1F2G2 0.50 0.68 0.93 0.53 2.64
C1F2Gs 0.54 0.69 0.91 0.56 2.70
C1F3Gy 0.55 0.80 0.97 0.59 2.87
C1FsG2 0.50 0.70 0.83 0.56 2.59
C1F3Gs 0.61 0.76 0.92 0.63 2.92
CaF1G1 1.15 1.37 1.60 1.13 5.25
CoF1G2 1.57 2.00 2.49 1.54 7.63
CoF1G3 1.41 1.46 2.38 1.20 6.45
CoF2G1 0.48 0.62 0.65 0.57 2.30
CoF2G: 0.41 0.64 0.74 0.40 2.16
CoF2G3 0.43 0.67 0.82 0.48 2.40
C2F3Gy 1.03 1.24 1.70 0.97 4.93
C2F3G 0.97 1.28 1.48 0.92 4.62
C2F3G3 1.10 1.45 1.83 1.06 5.42
SEm (2) 0.05 0.05 0.02 0.06 0.08
CD (P=0.05) 0.139 0.149 0.069 0.179 0.239




4.1.1.5 Dry matter content

The data on effect of cropping system, top feeds and spacing on dry matter
content of top feeds during first year are furnished in Tables 6a, 6b and 6c.

The results revealed that the mean dry matter content of top feeds in did not
vary significantly with respect to different cropping systems. In the case of subplot
factor, mean dry matter content was higher for Erythrina (25.42 %) and it was on
par with drumstick. However mean dry matter content did not vary significantly
with planting geometry of top feeds. Considering the interaction between cropping
system and top feeds, the mean dry matter content was observed to be higher for
C1F3(25.74 %) and it was comparable with CoF2, At the same time the interaction
between cropping system and planting geometry did not vary significantly with
respect to mean dry matter of top feeds during first year. Considering the interaction
between top feeds and spacing, F2Gz had noticed the highest mean dry matter
content of 25.65 per cent and it was on par with F2G1, F3G1and FsGz. Regarding the
interaction between cropping system, top feeds and planting geometry, the mean
dry matter content did not vary significantly over first year.

Regarding individual harvest data, significant variation was noticed only in
second and fourth harvest. Growing top feeds as sole crops recorded significantly
higher dry matter content in second (25.89 %) and fourth harvests (25.41 %). In the
case of subplot factor, dry matter content differed significantly in second and third
harvest. At second harvest, higher dry matter content was observed in drumstick
(26.15 %) and the value was comparable with Erythrina (25.95 %). Significantly
higher dry matter content of 26 per cent was recorded by agathi in third harvest. In
the case of sub-sub plot factor, significant difference with respect to dry matter
content was observed in all harvests except first. Growing top feeds at a spacing of
2 m x 0.5 m (G2) was observed to be superior with respect to the dry matter content
in second harvest (25.79 %) and it was on par with G1 (25.70 %). However Gs
recorded significantly higher dry matter content in third harvest (26.49 %) and G;
in the fourth harvest (26.15 %).

Regarding the interaction effect of cropping system with top feeds in each

harvest of first year, at first harvest, C.Fs and CzF1 recorded higher dry matter



content (25.91 %) and it was on par with C1F1 (24.56 %), C1F2 (25.58 %), CiFs3
(24.92 %) and. At second harvest, C1F3 recorded higher dry matter content of 27.15
per cent and it was on par with C2F2 (26.58 %). However C2F1 recorded significantly
higher value in third harvest (26.82 %).The highest dry matter content of 27.41 per
cent was noticed at fourth harvest and it was on par with CiFs. Significant
interaction between cropping system and spacing was observed in dry matter
content of top feeds in all four harvests except first harvest. Higher dry matter
content of 26.48 per cent was noticed in C1Gy and it was on par with C>G2 (25.94
%) in second harvest. Whereas C.Gz was superior in third harvest (27.82 %). In
fourth harvest, the highest dry matter content was observed in C>G1 (26.95 %) and
it was on par with C1G1(25.35 %) and C1G3 (25.84 %). Considering the interaction
between top feeds and spacing on mean dry matter content of top feeds in first year
revealed that the variation in dry matter content of top feeds was not-significant in
first and fourth harvests. F.G2 recorded significantly the highest dry matter content
of 26.49 per cent in second harvest and F1Ggz registeredsignificantly highest value
(28.31 %) in third harvest.

Significant interaction among cropping system, top feeds and planting
geometry was noticed in dry matter content of second and third harvest. Regarding
each harvests, C1F3G; registered higher value (27.94 %) in second harvest and it
was on par with CoF2G;z (27.58 %), whereas C2F1G3 recorded significantly higher
value in third harvest (31.77 %). However the interaction remained non-significant
in first and fourth harvest.



Table 6a. Effect of cropping system, top feeds and planting geometry on dry
matter content of top feeds during first year, per cent

Treatments

Dry matter content of top feeds

H

arlvest HaT\I/est Halrl\:est Halr\\;est Mean
Cropping system (C)
C1: Sole crop (Top feeds) 25.02 25.89 25.29 2541 | 25.37
C, :Intercrop (Bajra Napier Hybrid) | 25.36 24.94 25.50 25.07 | 25.15
SEm () 0.27 0.08 0.04 0.05 0.06
CD (P=0.05) NS 0.509 NS 0.285 NS
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 2523 | 2415 | 26.00 | 24.67 | 25.02
F2: Erythrina (Erythrina indica) 2492 | 2595 | 24.85 | 26.23 | 25.42
Fa:Drumstick (Moringa oleifera) 2542 | 2615 | 2534 | 2481 | 25.33
SEm (%) 0.32 0.16 0.09 0.44 0.08
CD (P=0.05) NS 0.528 | 0.280 NS 0.258
Planting geometry of top feeds (G)
GuZ2mx1lm 25.09 | 25.70 2473 | 26.15 | 25.35
G2:2mx0.5m 25.39 | 25.79 2495 | 2467 | 25.14
Ga: Paired system 25.10 | 24.75 2650 | 24.88 | 25.28
SEm () 0.32 0.15 0.08 0.41 0.09
CD (P=0.05) NS 0.444 0.228 | 1.194 NS

NS: Not significant




Table 6b. Effect of C x F, C x G and F x G interactions dry matter content of top
feeds during first year, per cent

Dry matter content of top feeds

Treatments | Haryest Harvest Harvest Harvest

| I 1l IV Mean
CiF1 24.56 25.22 25.17 25.36 25.08
CiFs 25.58 25.31 25.18 25.05 25.28
CiFs 24.92 27.15 25.51 25.81 25.74
C,F, 25.91 23.08 26.82 23.97 24.95
C,F» 24.27 26.58 24.51 27.41 25.57
CoFs 25.91 25,15 25.17 23.81 24.91
SEM () 0.45 0.23 0.12 0.62 0.11
CD (P=0.05) | 1465 0.746 0.396 2.005 0.365
C.G1 25.25 26.48 25.62 25.35 25.58
CiG> 24.87 25.65 25.07 25.02 25.15
C1Gs 24.94 25.55 25.17 25.84 25.38
CoG1 24.92 24.92 23.85 26.95 25.12
C,oGs 25.91 25.94 24.84 24.32 25.12
C,G3 25.25 23.95 27.82 23.92 25.19
SEm (%) 0.46 0.22 0.11 0.58 0.13

CD (P=0.05) NS 0.628 0.322 1.689 NS
S 2411 25.16 24.84 2534 24.89
Fi1G> 25.99 24.79 24.84 24.38 24.99
F1Gs 25.60 22.50 28.31 24.28 25.17
F,G1 25 58 2559 23.03 28.15 25 50
F)Go 24.60 26.50 25.18 24.62 25.12
F,Gs 24.60 2575 26.33 2593 25 65
F3G1 25.58 26.35 26.33 24.97 25.66
F3G> 25.58 26.09 24.84 25.01 25.30
F1Gs 25.09 26.01 24.84 24.44 25.03
SEm (%) 0.56 0.26 0.14 0.71 0.15
CD (P=0.05) | NS 0.769 0.394 NS 0.447

NS: Not significant




Table 6¢. Interaction effect of cropping system, top feeds and planting geometry

on dry matter content of top feeds during first year, per cent

Dry matter content of top feeds

Treatments [ Harvest | Harvest Harvest Harvest

| I 11 IV Mean
CiF1G1 23.61 25.75 25.84 24.88 25.02
CiF:G2 25.42 24.76 24.84 24.74 24.94
Ci1F1Gs 24.64 25.16 24.84 26.46 25.27
CiFGy 26.56 25.75 24.19 25.02 25.38
C1F2G2 24.60 25.42 25.51 24.10 24.91
Ci1F2Gs 25.58 24.76 25.84 26.04 25.55
C1F3Gy 25.58 27.94 26.83 26.15 26.33
C1F3G2 24.60 26.76 24.84 26.23 25.60
C1F3Gs 24.60 26.74 24.84 25.03 25.30
CoF1G1 24.60 24.58 23.85 25.80 24.75
CoF1Go 26.56 24.82 24.84 24.02 25.05
CoF1Gs 26.56 19.83 31.78 22.10 25.07
C2F2G1 24.60 25.44 21.86 31.28 25.63
CoF2Go 24.60 27.58 24.84 25.13 25.33
CoF2Gs 23.61 26.74 26.83 25.82 25.75
C2F3G1 25.58 24.76 25.84 23.78 24.99
CoF3Go 26.56 25.41 24.84 23.80 24.99
C2F3Gs 25.58 25.29 24.84 23.85 24.76
SEm (%) 0.79 0.37 0.19 1.00 0.22

CD (P=0.05) NS 1.087 0.558 NS NS

NS: Not significant




4.1.2 Growth and yield attributes of top feeds during second year

The observations on growth and yield attributes of top feeds like number of
branches, leaf stem ratio, green fodder yield, dry fodder yield, dry matter content
during second year and root weight and root volume after two years were recorded
and the results are presented below.
4.1.2.1 Number of branches

The results of the effect of cropping system, top feeds and spacing of top
feeds on number of branches of top feeds in four harvests during second year are
presented in Tables 7a, 7b and 7c.

The results showed that intercropping had significant effect on the mean
number of branches of top feeds during the second year. Among three different top
feeds, the mean branch number was significantly superior for agathi (14.70).
Regarding planting geometry, average number of branches was the highest for Gs
(10.09) and it was on par with Gi. Significant influence of interaction between
cropping system and top feeds on mean number of branches was observed during
second year and C2F1 had higher value (16.08). At the same time the interaction
between cropping system and planting geometry did not vary significantly with
respect to average number of branches of top feeds. With respect to the interaction
between top feeds and planting geometry, superior value was noticed in F1Gs
(14.88) and it was comparable with F1G;1 and F1G2. The data on interaction effect
of cropping system, top feeds and planting geometry on mean number of branches
of top feeds revealed that the treatment combination C2F1G3z was superior (16.74)
and it was on par with CoF1G2 (16.41).

The data on number of branches of top feeds with respect to cropping system
varied significantly in second (11.58) and third (10.98) harvests, whereas no
significant effect was noticed in first and fourth harvests. Among top feeds, the
same trend was noticed as in first year. Number of branches varied significantly
with different top feeds in all harvests except the first harvest. Agathi recorded
significantly higher number of branches in second, third and fourth harvests (16.99,
16.01 and 11.47 respectively) whereas drumstick recorded the lowest number (6.87,

6.12 and 5.92 respectively). Regarding planting geometry, numbers of branches



were not significantly different in first and fourth harvest, whereas in second
harvests, G; recorded higher number of branches (11.08) and it was on par with G
(10.79). However paired system of planting (Gs) recorded significantly higher value
in third harvest (11.04).

The interaction effect of cropping system with top feeds did not vary
significantly in first and fourth harvests, whereas the treatment combination CoF;
recorded significantly higher number of branches in second (17.42) and third
harvests (18.72).The interaction effect of cropping system with spacing (CG) varied
significantly in all harvests except third harvest. At first harvest, C1Gs recorded
higher number of branches (10.95) and it was on par with C1G: (10.89). C2G1
recorded significantly more number of branches (12.87) in third harvest. However
C1G1 topped in the fourth harvest (8.79) and it was on par with C1G2 (8.06), C2G:
(8.07), and C>G3 (8.40). Interaction between top feeds and spacing with respect to
mean number of branches of top feeds revealed that F1Gs recorded the highest mean
number of branches over second year (14.88) and it was on par with F1G;and F1G2.
The result also revealed that at first and second harvests, F1G1 was superior (14.39
and 17.84 respectively) and it was on par with F1G2 (14.32) and F1G3 (13.09) in first
harvest and on par with F1G> (16.84) in second harvest. Treatment combination of
agathi with paired system of planting (F1Gs) recorded significantly more number of
branches in third harvest (17.38) and it was on par with F1G; (17.01).However,
higher value of 12.43 was recorded by F1G1 in fourth harvest and it was on par with
F1Gs3(11.62).

The data on interaction effect of cropping system, top feeds and planting
geometry on number of branches of top feeds revealed that treatment combination
C2F1G2 had more number of branches in first (16.01), second (18.99) and third
(21.53) harvests, whereas C1F1G: was superior in fourth harvest (13.71).The
superior value of CoF1Gzin first and third harvests were on par with C2F1Gs (14.00

and 19.19 respectively).



Table 7a: Effect of cropping system, top feeds and planting geometry on number
of branches of top feeds during second year

Treatments

Number of branches

Harvest | Harvest | Harvest | Harvest | Mean
[ 1 1l v

Cropping system (C)
C1: Sole crop (Top feeds) 10.22 9.52 8.83 8.14 9.18
Cz: Intercrop (Bajra Napier Hybrid) 9.36 11.58 10.98 7.92 10.19
SEm (1) 0.22 0.24 0.09 0.13 0.13
CD (P=0.05) NS 1.451 0.534 NS 0.770
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 13.93 16.00 16.01 1147 | 14.70
F2: Erythrina (Erythrina indica) 9.01 8.78 7.57 6.71 8.02
Fs: Drumstick (Moringa oleifera) 6.421 6.868 6.124 5.918 6.33
SEm (1) 0.45 0.11 0.45 0.23 0.14
CD (P=0.05) NS 0.361 1.451 0.750 | 0.448
Planting geometry of top feeds (G)
Gu2mx1lm 9.97 11.08 8.81 8.43 9.57
G2:2mx0.5m 9.20 10.79 9.86 7.68 9.38
Gs: Paired system 10.19 9.77 11.04 7.99 10.09
SEm (1) 0.31 0.21 0.40 0.21 0.19
CD (P=0.05) NS 0.616 1.156 NS 0.555

NS : Not significant




Table 7b. Effect of C x F, C x G and F x G interactions on number of branches of
top feeds during second year

Number of branches
Treatments | Harvest | Harvest | Harvest | Harvest

[ 1 Il \Y Mean
CiFs 13.57 14.58 13.30 11.83 13.32
CiF» 10.26 6.55 741 6.90 7.78
CiFs 6.82 7.42 5.77 5.70 6.43
CoFs 14.30 17.42 18.72 11.11 16.08
CoFs 7.76 11.00 7.74 6.52 8.26
CoF3 6.02 6.32 6.48 6.13 6.24
SEm (4) 0.63 0.16 0.09 0.33 0.20
CD (P=0.05) NS 0.511 0.534 NS 0.634
CiGy 10.89 9.29 7.68 8.79 9.16
C1Gs 8.81 9.90 8.41 8.06 8.80
C1G3 10.95 9.35 10.38 7.58 9.57
C.G1 9.06 12.87 9.93 8.07 9.98
C.Gs 9.59 11.69 11.31 7.29 9.97
C.G3 9.44 10.18 11.70 8.40 10.62
SEm () 0.43 0.30 0.56 0.29 0.27

CD (P=0.05) | 1266 | 0871 NS 0.847 NS
F.G1 14.39 17.84 13.64 12.43 14.58
F1G, 14.32 16.85 17.01 10.35 14.63
F1G3 13.09 13.31 17.38 11.62 14.88
F2G1 9.69 7.78 7.02 6.89 7.85
F.Go 6.94 8.92 6.31 5.52 6.92
F.G3 10.41 9.64 9.39 7.70 9.29
F3G1 5.84 7.63 5.76 5.96 6.30
F3G2 6.34 6.62 6.26 7.15 6.59
F1Gs 7.08 6.36 6.35 4.64 6.11
SEm (%) 0.53 0.37 0.69 0.36 0.33
CD (P=005) | 1551 1.067 2.002 1.037 0.962




Table 7c. Interaction effect of cropping system, top feeds and planting geometry on

number of branches of top feeds during second year

Number of branches
Treatments | Harvest | Harvest | Harvest | Harvest

| 1 11 Y Mean

CiF1G1 15.89 14.84 11.83 13.71 14.07
CiF1G2 12.63 14.70 12.48 11.59 12.85
C1F1Gs 12.18 14.19 15.58 10.19 13.03
C1F2Gy 11.71 470 5.95 6.98 7.34
C1FaG2 6.97 8.47 6.04 6.14 6.91
C1FaGs 12.10 6.49 10.23 7.57 9.10
C1F3Gy 5.07 8.34 5.26 5.67 6.09
C1F3G2 6.83 6.54 6.71 6.44 6.63
C1FsGs 8.56 7.37 5.33 5.00 6.57
C2F1Gy 12.89 20.83 15.44 11.16 15.08
C2F1G2 16.01 18.99 21.53 9.11 16.41
C2F1Gs 14.00 12.43 19.19 13.05 16.74
C2F2G1 7.66 10.87 8.09 6.80 8.35
C2F2G2 6.91 9.36 6.58 4.90 6.94
C2F2Gs 8.71 12.78 8.56 7.84 9.47
C2F3G1 6.62 6.91 6.26 6.25 6.51
CaoF3G2 5.85 6.71 5.81 7.86 6.56
C2F3Gs 5.60 5.34 7.36 4.29 5.65
SEm () 0.75 0.52 0.97 0.50 0.47
CD (P=0.05) | 2.193 1.509 2.831 1.467 1.360




4.1.2.2. Leaf stem ratio

Tables 8a, 8b and 8c shows the effect of cropping system, top feeds and
spacing on leaf stem ratio of top feeds during second year.

The data on mean leaf stem ratio of all the harvests during second year revealed
that the treatment C> was significantly superior with respect to mean leaf stem ratio
(0.74). Considering three different top feeds in the subplot, the mean leaf stem ratio
was found to be significantly superior in F1 (0.78). With respect to planting
geometry of top feeds, paired system of planting was noticed to be superior (0.76).
The interaction between cropping system and top feeds varied significantly in mean
leaf stem ratio and higher value was noticed in C>F1 (0.82), however the interaction
between cropping system and planting geometry also had significant influence on
mean leaf stem ratio and significantly higher mean leaf stem ratio was noticed in
C2Gs3 (0.79). Moreover, with respect to the interaction between top feeds and
spacing, mean leaf stem ratio was found to be higher in F1G3(0.81) and the value
was comparable to F1Gs. Considering the interaction between cropping system, top
feeds and planting geometry, the treatment C2F1G2 and C2F1Gs had noticed with the
highest mean value of 0.84 and it was on par with CoF2G3

Regarding the data on individual harvests, intercropping had revealed
significantly higher leaf stem ratio in second and fourth harvests (0.78 and 0.78
respectively). In the case of subplot factor, leaf stem ratio of each harvest varied
significantly in all harvests and agathi was significantly superior in all harvests
except first harvest (0.81, 0.80 and 0.84 respectively). Erythrina had higher leaf
stem ratio in first harvest (0.68) and it was on par with agathi (0.67). In the case of
sub-sub plot factor, significant difference was observed in all harvests and paired
system showed significantly higher leaf stem ratio in second (0.77), third (0.79) and
fourth (0.80) harvests, whereas growing top feeds at a spacing of 2 m x 0.5 m (Gz)
was observed to be significantly superior (0.71) in first harvest.

Leaf stem ratio of top feeds significantly varied in response to interaction
between cropping system and top feeds in all harvests except fourth harvest. At first
harvest, CoF2 recorded higher leaf stem ratio of 0.70 and it was on par with C1F
(0.66) and C2F1(0.67). At second and third harvest C>F1 was observed to be superior



(0.86 and 0.85 respectively) and it was on par with C>F2 (0.84) in second harvest.
Similarly, significant interaction between cropping system and planting geometry
was noticed in leaf stem ratio of top feeds in all harvests except third harvest. C>.G>
registered superior value in first harvest (0.72) and it was on par with C1G2
(0.69).Whereas in second and fourth harvests, C.Gs recorded significantly superior
values of 0.86 and 0.87 respectively. Interaction between top feeds and their
planting geometry was significant in all harvests. Regarding each harvest in the
second year, F3G> recorded the highest value of 0.76 in first cut and it was on par
with F2G3 (0.74). However, F1G2 was superior in second harvest (0.86) and it was
on par with F1G3 (0.84) and F.G1 (0.82). At third and fourth harvests F1Gs registered
significantly higher values of 0.89 and 0.90 respectively.

The data on interaction between cropping system, top feeds and planting
geometry on mean leaf stem ratio of top feeds revealed that at first harvest, C1F3G>
recorded higher value (0.76) and it was on par with C1F1G1, C1F2G2, C1F2Gs,
C2F1Gz2, C2F2Gz,and C2F3G2. However C2F2Gswas superior in second cut and it was
on par with C;F1G3z and CoF2G1.The treatment combination CoF1Gz exhibited

higher value of 0.94 in fourth harvest and it was on par with C2F1G1.



Table 8a. Effect of cropping system, top feeds and planting geometry on leaf stem
ratio of top feeds during second year

Treatments

Leaf stem ratio of top feeds

Harvest | Harvest | Harvest | Harvest | Mean
| I 1l IV

Cropping system (C)
C1: Sole crop (Top feeds) 0.66 0.69 0.70 0.67 0.69
ﬁ%:?é)ercmp (Bajra Napier 0.66 0.78 0.76 078 | 0.74
SEm () 0.004 0.004 0.012 0.010 | 0.005
CD (P=0.05) NS 0.024 NS 0.059 | 0.014
Top feeds (F)
;an diﬂo’:a?)ath' (Sesbania | ¢7 0.81 0.80 084 | 078
F2: Erythrina (Erythrina indica) |  0.68 0.75 0.68 0.67 0.70
Eféifera[))r“ms“c" (Moringa | ) ¢4 0.64 0.71 0.67 | 0.67
SEm () 0.01 0.02 0.03 0.01 0.01
CD (P=0.05) 0.027 0.049 0.008 0.032 | 0.021
Planting geometry of top feeds (G)
Gu2mx1m 0.62 0.72 0.65 0.67 0.67
G2 2mx05m 0.71 0.71 0.74 070 | 0.72
Gs: Paired system 0.66 0.77 0.79 0.80 | 0.76
SEm (+) 0.01 0.01 0.03 0.01 0.01
CD (P=0.05) 0.025 0.027 0.009 0.019 | 0.014

NS: Not significant




Table 8b. Effect of C x F, C x G and F x G interactions on leaf stem ratio of
top feeds during second year

Leaf stem ratio of top feeds

Treatments | Harvest | Harvest | Harvest | Harvest
| 1 1 v Mean
CiFs 066 | 076 | 075 | 077 | 074
CiFs 067 | 065 | 067 | 063 | 066
CiFs3 0.66 0.65 0.69 0.61 0.66
C,F1 0.67 0.86 0.85 0.91 0.82
C,F» 0.70 0.84 0.69 0.72 0.74
CFs 061 | 063 | 073 | 072 | 067
SEm (+) 001 | 002 0.01 001 | o001
CD (P=005) | 0.039 | 0069 | 0.035 NS | 0.029
C1G1 0.62 0.64 0.62 0.60 0.63
C1Gy 0.69 0.74 0.71 0.67 0.70
C1G3 0.68 0.69 0.78 0.74 0.73
C,G1 0.63 0.80 0.96 0.74 0.72
C,Go 0.72 0.68 0.77 0.74 0.73
C.G3 0.63 0.86 0.81 0.87 0.79
SEm (%) 0.012 0.013 0.012 0.009 0.007
CD (P=0.05) | 0035 | 0038 | NS | 0027 | 0020
Fi1G; 0.73 0.73 0.66 0.79 0.73
F.Gs 0.65 0.86 0.84 0.84 0.80
F1G3 0.62 0.85 0.89 0.90 0.81
FoGy 0.60 0.83 0.65 0.63 0.68
E,Gs 0.71 0.63 0.67 0.63 0.66
F2G3 0.74 0.78 0.73 0.76 0.76
F:Gi 0.55 0.59 0.65 0.60 0.61
F:Gs 0.76 0.63 0.71 0.65 0.69
F1Gs 0.61 0.69 0.76 0.76 0.70
SEm (%) 0.015 0.016 0.015 0.033 0.008
CD (P=0.05) 0.043 0.046 0.045 0.011 0.025

NS: Not Significant




Table 8c. Interaction effect of cropping system, top feeds and planting geometry
on leaf stem ratio of top feeds during second year

Leaf stem ratio of top feeds
Treatments | Harvest | Harvest | Harvest | Harvest

| 1 i 1Y, Mean

CiF1Gy 0.76 0.67 0.59 0.67 0.67
CiF1G2 0.58 0.85 0.78 0.80 0.75
CiFiG3 0.65 0.78 0.87 0.85 0.79
CiF2Gy 0.54 0.69 0.64 0.60 0.62
CiF2G2 0.72 0.66 0.67 0.61 0.67
CiF2Gs 0.74 0.60 0.72 0.67 0.70
C1F3Gy 0.55 0.56 0.63 0.55 0.59
CiFsG2 0.76 0.70 0.68 0.58 0.68
C1F3G3 0.67 0.68 0.75 0.71 0.70
CaF1Gy 0.70 0.80 0.74 0.91 0.79
CoF1G2 0.72 0.88 0.90 0.87 0.84
CoF1G3 0.60 0.91 0.92 0.94 0.84
CoF2Gy 0.66 0.96 0.66 0.66 0.74
CoF2G 0.70 0.60 0.66 0.65 0.65
CoF2G3 0.74 0.97 0.74 0.85 0.82
C2F3Gy 0.54 0.63 0.67 0.65 0.62
C2F3G 0.75 0.57 0.74 0.71 0.69
C.F3G3 0.55 0.70 0.77 0.80 0.71
SEm () 0.021 0.022 0.022 0.016 0.012
CD (P=0.05) | 0.061 0.065 NS 0.046 0.035




4.1.2.3. Green fodder yield

The data on effect of cropping system, top feeds and spacing on the green
fodder yield of top feeds during second year are furnished in Tables 9a, 9b and 9c.

The data on total green fodder yield of top feeds during second year
revealed that similar to first year, cropping system had significant influence on total
green fodder yield and significantly higher green fodder yield was recorded under
intercropping (18.91t ha* yr!) than sole cropping (14.23 t ha? yr?). Regarding
subplot factor, agathi recorded significantly higher total green fodder yield of 22.34t
ha yrWhereas Erythrina had the least green fodder yield of 10.83 t ha* yr.
Among the three planting geometry in sub-sub plot, total green fodder yield was
higher for G, (17.13 t ha yr!) and it was comparable with Gs. Regarding the
interaction between cropping system and top feeds, the total green fodder yield was
significantly higher for C,F1 (25.73 t ha't yrt).With respect to interaction between
cropping system and planting geometry, significantly higher total green fodder
yield was noticed in C,G; (20.34 t ha! yrt).Similarly the interaction between top
feeds and planting geometry also varied significantly and F1G2 recorded higher total
green fodder yield of 24.97 t ha yr. Significant interaction between cropping
system, top feed and spacing was noticed with respect to total green fodder yield
during second year and significantly higher total green fodder yield was noticed in
C2F1G2 (31.31 t hatyr?).

The result revealed that green fodder yield varied significantly with
cropping system in all harvests and intercropping recorded significantly higher
green fodder yield in all harvests (3.94 t ha?, 5.06 t ha, 5.60 t hatand 4.29 t ha*
respectively). Green fodder yield of different top feeds varied significantly in all
harvests and it was observed that agathi was significantly superior in all the four
cuts (4.64, 6.10, 6.591 and 5.00 t ha* respectively) and Erythrina recorded the
lowest value. Regarding sub-sub plot factor, cultivating top feedsat 2m x 0.5 m
spacing (G2) recorded higher green fodder yield in all the four harvests (3.58 t ha”
1458 tha?, 5.07 t ha® and 3.90 t ha™* respectively) and it was on par with paired
system of planting (Gg).



The interaction between cropping system and spacing with respect to green
fodder yield varied significantly in all harvests and significantly higher value was
noticed in CoF1(5.33 tha,7.03 t hal,7.56 t ha! and 5.81 t ha™ respectively ). The
result also revealed that interaction between cropping system and spacing followed
the same trend as that in the first year, in which the green fodder yield varied
significantly in all harvests except first harvest with significantly higher value in
C.G2 (5.46, 6.08 and 4.63 t ha respectively). Significant interaction between top
feed and spacing was observed in green fodder yield of top feeds in all harvests
except first harvest. It was observed that F1G2 had higher green fodder yield of 6.76
t hal, 7.47 t hat and 5.63t ha! respectively in second, third and fourth harvest and
the values were on par with F1Gz in second harvest.

The interaction between cropping system, top feed and spacing followed the
same trend as in first year. Significantly higher values were noticed in CoF1G> in
first (6.33 t ha') second (8.45t hal), third (9.39t ha) and fourth (7.13 t hal)

harvest.



Table 9a. Effect of cropping system, top feeds and planting geometry on green
fodder yield of top feeds during second year, t hat

Green fodder yield of top feeds

Treatments

Harvest | Harvest | Harvest | Harvest Total
| I i v

Cropping system (C)
C1: Sole crop (Top feeds) 2.97 3.80 4.15 3.30 14.23
E';gpige)rcmp (Bajra Napier 3.95 5.07 5.60 429 | 1891
SEm (%) 0.12 0.06 0.08 0.03 0.09
CD (P=0.05) 0.722 0.386 0.466 0.199 0.565
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 4.65 6.10 6.59 5.00 22.34
F2: Erythrina (Erythrina indica) 2.28 2.79 3.18 2.58 10.83
F3: Drumstick (Moringa oleifera) 3.45 4.42 4.86 3.81 16.54
SEm () 0.12 0.16 0.04 0.08 0.13
CD (P=0.05) 0.374 0.513 0.137 0.251 0.435
Planting geometry of top feeds (G)
Gi:2mx1lm 3.25 417 4.60 3.58 15.60
Ga:2mx05m 3.58 4,58 5.07 3.90 17.13
Gs: Paired system 3.55 4.56 4,96 3.91 16.98
SEm (%) 0.09 0.09 0.07 0.07 0.09
CD (P=0.05) 0.270 0.275 0.189 0.194 0.565




Table 9b. Effect of C x F, C x G and F x G interactions on green fodder yield of
top feeds during second year, t ha

Green fodder yield of top feeds

Treatments | Haryest Harvest Harvest Harvest
| 1 1 IV Total
CiFs 3.96 5.17 5,62 4.19 18.94
CiF» 2.40 3.05 3.39 2.77 11.61
CiFs 255 3.19 3.45 2.94 12.12
CoFs 5.33 7.03 7.56 5.81 25.73
C,F» 2.15 2.53 2.98 2.38 10.05
CoFs 4.36 5.64 6.27 4.68 20.96
SEm () 0.16 0.22 0.06 0.11 0.19
CD (P=0.05) 0.529 0.726 0.194 0.355 0.615
C1G1 2.78 3.58 3.96 3.16 13.49
CiG> 2.98 3.71 4.07 3.17 13.92
CiGs 3.15 4.12 4.44 3.57 15.27
C,G1 3.72 4,75 5.25 4.00 17.71
C,Go 418 5.46 6.08 4.63 20.34
C1Gs 3.95 5.00 5.49 4.26 18.91
SEm (%) 0.13 0.13 0.11 0.09 0.23
CD (P=0.05) | NS 0.389 0.327 0.275 0.681
Fi1G; 4.25 5.51 5.94 453 20.22
Fi1G> 511 6.76 1.47 5.63 24.97
F1Gs 458 6.03 6.37 4.84 21.82
F)oGy 2.20 2.67 3.13 2.47 10.46
F2Ga 224 2.76 3.13 252 10.65
F1Gs 2.38 2.96 3.30 2.74 11.38
F3G1 3.30 4.33 4,75 3.73 16.11
FsGs 3.39 4.24 4.62 3.54 15.79
F3G3 3.68 4.68 5.22 4.16 17.73
SEm (%) 0.16 0.16 0.11 0.12 0.29
CD (P=0.05) NS 0.476 0.327 0.336 0.834




Table 9c. Interaction effect of cropping system, top feeds and planting geometry

on green fodder yield of top feeds during second year, t ha*

Green fodder yield of top feeds

Treatments Harvest Harvest Harvest Harvest

| I 1 WY, Total

CiF1G1 3.70 4.81 5.26 3.95 17.73
CiF1G2 3.90 5.06 5.54 4.14 18.62
CiFiGs 4.30 5.63 6.06 4.49 20.47
CiF2Gy 2.25 2.80 3.22 2.63 10.90
Ci1F2G2 2.41 3.02 3.38 2.69 11.49
CiF2Gs 2.54 3.35 3.58 2.99 12.45
C1F3Gy 2.39 3.14 3.40 2.89 11.83
C1F3G2 2.64 3.05 3.28 2.69 11.66
Ci1F3Gs 2.61 3.37 3.68 3.23 12.88
CaF1G1 4.79 6.20 6.62 5.12 22.72
CoF1Go 6.33 8.45 9.39 7.13 31.31
C.F1Gs3 4.86 6.43 6.68 5.19 23.16
CoF2G1 2.16 2.54 3.03 2.30 10.02
CoF2Go 2.08 2.50 2.87 2.36 9.81
C.F2Gs3 2.22 2.57 3.02 2.49 10.31
CoF3G1 4.20 5.51 6.09 4.58 20.38
CoF3Gs 4.13 5.43 5.97 4.39 19.92
C.F3Gs3 4.75 5.99 6.76 5.09 22.58
SEm () 0.23 0.23 0.16 0.16 0.57
CD (P=0.05) 0.062 0.674 0.463 0.476 1.180




4.1.2.4. Dry fodder yield

The Tables 10a, 10b and 10c present the effect of cropping system, top feeds
and spacing on the dry fodder yield of top feeds during second year.

The data on total dry fodder yield of top feeds over four different harvests
during second year revealed that intercropping (C>) recorded significantly higher
total dry fodder yield of 4.95 t ha'* yr* than sole crop (3.61 t ha™ yr'?). With respect
to three different top feeds, agathi had significantly superior value of 5.75 t ha yr-
! whereas the treatment F, (Erythrina) registered the lowest total dry fodder yield
of 2.77 t hat yr!, Regarding the planting geometry of top feeds, G2 noticed to be
higher in total dry fodder yield (4.4 t ha yr!) and it was comparable to Gs. The
interaction between cropping system and top feeds with respect to total dry fodder
yield was found to be vary significantly and higher value was noticed in C2F1 (6.72
t hal yr!). However considering the interaction between cropping system and
planting geometry, significantly higher total dry fodder yield was registered by
C.G, (5.28 t hal yr?). Significant interaction between top feeds and planting
geometry was noticed with respect to total dry fodder yield and higher value was
noticed in F1G, (6.32 t ha! yrl). Considering the interaction between cropping
system, top feeds and planting geometry, total dry fodder yield was superior in
C2F1G2(8.04 t hatyr?).

The data of dry fodder yield in each harvest revealed that, dry fodder yield
of top feeds was significantly influenced by intercropping and cultivating top feeds
along with Bajra Napier hybrid recorded significantly higher dry fodder yield in all
harvests (1.04 t ha?,1.33 t ha!, 1.45t ha! and 1.12 t ha™ respectively). Significant
influence of top feed treatments on dry fodder yield was noticed in all harvests and
cultivating agathi as main crop recorded significantly higher dry fodder yield in all
harvests (1.20 t hat, 1.56 t ha?, 1.69 t ha® and 1.3 t ha'respectively). With respect
to planting geometry, dry fodder yield varied significantly with different spacing in
all harvests except first harvest. In second and third harvest, G, recorded higher dry
fodder yield (1.19 t ha! and 1.31 t harespectively) and it was on par with Gs.
However in the fourth harvest, Gs registered higher dry fodder yield of 1.02 t ha*

and it was on par with G2,



Regarding the interaction between cropping system and top feeds, dry
fodder yield varied significantly in all the four harvests. As in the first year, CoF1
recorded significantly higher dry fodder yield in first (1.44 t ha'), second (1.83
t hal), third (1.95 t ha) and fourth (1.52 t hal) harvests. Moreover, dry fodder
yield was significantly influenced by the interaction between cropping system and
spacing and significantly higher value was registered by C>G> in second, third and
fourth harvests (1.44 t ha*, 1.57 t hal, and 1.18 t harespectively). In third harvest,
C2G2 was on par with C2Gs, The interaction effect of top feed and spacing varied
significantly with respect to dry fodder yield in second, third and fourth harvests
and higher values were noticed in FiG, (1.70 t hal,1.89 t ha' and 1.44
t hat respectively ).

The interaction between cropping system, top feed and spacing was
significant with respect to dry fodder yield in all harvests as in the first year with
significantly higher values were noticed in CoF1G» (1.69 t ha,2.15tha, 2.38 t ha"
Land 1.82 t ha respectively).



Table 10a. Effect of cropping system, top feeds and planting geometry on dry
fodder yield of top feeds during second year, t hat

Dry fodder yield of top feeds

Treatments Harvest | Harvest | Harvest | Harvest

| 1 1 v | ol
Cropping system (C)
Ci: Sole crop (Top feeds) 0.74 0.96 1.06 0.84 3.61
ﬁ;gpige)rcmp(Ba”a Napier 1.04 1.33 1.45 1.12 4.95
SEm (%) 0.04 0.01 0.02 0.01 0.03
CD (P=0.05) 0.227 0.084 0.100 0.045 0.182
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 1.21 1.56 1.69 1.30 5.75
F2: Erythrina (Erythrina indica) 0.57 0.73 0.82 0.64 2.77
Fs: Drumstick (Moringa oleifera) 0.90 1.16 1.27 1.00 4.33
SEm (%) 0.02 0.02 0.01 0.02 0.03
CD (P=0.05) 0.052 0.077 0.036 0.065 0.085
Gs: Paired system 0.92 1.17 1.28 1.02 4.39
SEm () 0.02 0.02 0.02 0.02 0.04
CD (P=0.05) NS 0.061 0.051 0.052 0.122

NS: Not Significant




Table 10b. Effect of C x F, C x G and F x G interactions on dry fodder yield of
top feeds during second year, t ha

Dry fodder yield of top feeds

Treatments Harvest Harvest Harvest | Harvest
! I i IV Total
CiFs 0.97 1.29 1.42 1.09 4.7
CiF> 0.60 0.77 0.85 0.69 291
CiF3 0.66 0.83 0.92 0.75 3.17
CoFs 1.44 1.83 1.95 152 6.72
C,F» 0.55 0.68 0.80 0.59 2.63
CoF- 1.14 1.49 1.61 1.26 5.50
SEM (4) 0.02 0.03 0.02 0.03 0.04
CD (P=0.05) 0.074 0.109 0.051 0.092 0.120
C1Gs 0.71 0.92 0.99 0.81 3.42
C1G» 0.73 0.94 1.06 0.81 3.53
C1Gs 0.80 1.03 1.15 0.91 3.90
C.G1 1.00 1.25 1.39 1.05 4.68
CoGo 1.10 1.44 1.57 1.18 5.28
CyGs 1.04 1.31 1.40 113 4.88
SEm (&) 0.03 0.03 0.03 0.03 0.06
CD (P=0.05) NS 0.086 0.072 0.074 0.172
F1G1 1.10 1.43 1.48 1.16 5.17
F1G» 1.29 1.70 1.89 1.44 6.32
F1Gs 1.22 1.55 1.68 1.31 5.74
F.Gy 0.57 0.69 0.82 0.63 2.71
F.G) 0.55 0.71 0.83 0.62 2.70
FoG3 0.60 0.78 0.83 0.68 2.88
F3G1 0.88 1.14 1.26 1.00 4.27
F-Ga 0.89 1.16 121 0.92 418
F1Gs 0.93 1.19 1.33 1.09 4.54
SEm (&) 0.04 0.04 0.03 0.03 0.07
CD (P=0.05) NS 0.105 0.088 0090 | 0211

NS: Not Significant




Table 10c. Interaction effect of cropping system, top feeds and planting geometry
on dry fodder yield of top feeds during second year, t ha™

Dry fodder yield of top feeds
Treatments
Harvest Harvest Harvest Harvest Total
I I 1l Y

C1F1G: 0.93 1.24 1.29 1.01 4.47
Cik1Ge2 0.90 1.24 1.41 1.06 4.61
CiF1Gs 1.09 1.38 1.58 1.19 5.23
Ci1F2Gs 0.57 0.69 0.80 0.67 2.73
CiF2G2 0.57 0.76 0.85 0.68 2.86
CiF2Gs 0.64 0.86 0.89 0.73 3.12
CiFsG1 0.63 0.82 0.87 0.74 3.06
CiF3G2 0.70 0.82 0.91 0.68 3.11
CiF3Gs3 0.66 0.86 0.99 0.82 3.33
CaF1Gy 1.28 1.61 1.68 1.30 5.88
CoF1Gs 1.69 2.15 2.38 1.82 8.04
CoF1G3 1.35 1.72 1.77 1.42 6.26
CoF2G1 0.57 0.70 0.83 0.59 2.69
CoF2Go 0.53 0.66 0.80 0.56 2.55
CoF2G3 0.55 0.69 0.77 0.63 2.64
CoFsG1 1.13 1.45 1.64 1.26 5.48
CoF3Go 1.07 1.50 1.52 1.16 5.26
CoF3G3 1.21 1.53 1.67 1.35 5.75
SEm (%) 0.05 0.05 0.04 0.04 0.10
CD (P=0.05) 0.151 0.148 0.124 0.128 0.298




4.1.2.5. Dry matter content

The data on effect of cropping system, top feeds and spacing on dry matter
content of top feeds during second year are furnished in Tables 11a, 11b and 11c.

The results revealed that the mean dry matter content of top feeds during the
second year varied significantly varied in response to cropping system with C;
recording significantly higher value (26.21%). However mean dry matter content
did not vary significantly with respect to top feeds and their planting geometry.
Similarly the interaction between cropping system and top feeds and cropping
system and planting geometry did not vary significantly with respect to mean dry
matter content. However among the treatment combinations on interaction between
top feeds and geometry, it was observed that F3G2 had the highest mean dry matter
content (26.54 %) and it was on par with F3G1 and F1G3, Regarding the interaction
between cropping system, top feeds and planting geometry, the mean dry matter
content was higher in C2F1Gs (27.02%) and the value was comparable to .....
CoF3Gy, CoF3Go, CoF2Grand C1F3Ga,

The data on dry matter content of the individual harvests during second year
revealed that in all harvests significantly higher values were noticed when top feeds
were intercropped with Bajra Napier hybrid (26.44 %, 26.49 %, 26.15 % and 25.90
% respectively). Regarding different top feeds, dry matter content differed
significantly in third and fourth harvests and significantly higher value was
observed in drumstick (26.22 % and 26.17 % respectively). With respect to planting
geometry of top feeds, significant variation was observed with respect to dry matter
in third and fourth harvest and significantly higher value was noticed in G, (26.15
%), whereas Gz registered higher dry matter content in fourth harvest (25.94 %) and
it was on par with G1 (25.84 %)

The data on dry matter content of four different harvests during second year
revealed that the values significantly varied in third and fourth harvests. In third
harvest, the treatment combination CoF> recorded higher dry matter content of 26.94
per cent and it was on par with C1F3(26.70 %). However CoF3was superior in fourth
harvest (26.81%). Regarding the interaction between cropping system and

geometry, significant interaction was noticed in dry matter content of top feeds in



third and fourth harvests. At third harvest, C2G1 was significantly superior (26.64
%), whereas C»Gs registered higher value in fourth harvest (26.40 %) and it was on
par with C2G1 (26.13 %).The interaction effect of top feeds and spacing was found
to be significant in all harvests except first harvest. At second and third harvests,
higher dry matter content of 27.18 per cent and 26.58 per cent were noticed in F3G2
and in second harvest, it was on par with F.G1, F2Gz and FsGiand F1Gs. At third
harvest, the values of F3G2 and F2G2 were comparable. However, F1G3 recorded
higher dry matter content in fourth harvest (26.92%) and it was on par with F3G
(26.53 %). Significant interaction between cropping system, top feeds and planting
geometry were noticed in dry matter content of third and fourth harvests. At third
harvest, higher value of 27.8 per cent was noticed in C2F2G2 and it was on par with
C1F3Goand CoF2Gi. However, CoF3Gs registered the higher value (27.45 %) in
fourth harvest and it was on par with C2F1G3 (27.4 %).



Table 11a. Effect of cropping system, top feeds and planting geometry on dry
matter content of top feeds during second year, per cent

Dry matter content of top feeds

Treatments Harvest | Harvest | Harvest | Harvest

| I 1 vy | Mean
Cropping system (C)
Ci: Sole crop (Top feeds) 25.24 25.58 25.65 25.47 25.44
ﬁ;gﬂge)rcmp(Ba”a Napier 26.44 | 2649 | 2615 | 2590 | 26.21
SEm (%) 0.15 0.05 0.07 0.02 0.03
CD (P=0.05) 0.940 0.300 0.455 0.123 | 0.178
Top feeds (F)
F1: Agathi (Sesbania grandiflora) | 25.89 25.58 25.54 26.01 | 25.68
F2: Erythrina (Erythrina indica) | 2553 26.20 25.93 24.89 | 25.60
Fs: Drumstick (Moringa oleifera) | 26.10 26.32 26.22 26.17 | 26.19
SEm (%) 0.48 0.58 0.06 0.05 0.17
CD (P=0.05) NS NS 0.195 0.166 NS
Planting geometry of top feeds (G)
Gu2mx1m 26.19 26.16 25.79 25.84 | 25.96
G22mx0.5m 25.34 26.12 26.15 2528 | 25.73
Ga: Paired system 25.99 25.81 25.75 25.94 | 25.79
SEm (%) 0.55 0.23 0.06 0.10 0.10
CD (P=0.05) NS NS 0.162 0.281 NS




Table 11b. Effect of C x F, C x G and F x G interactions on dry matter content of
top feeds during second year, per cent

Dry matter content of top feeds
Treatments | Harvest | Harvest Harvest | Harvest

| I 1 v Mean
CiF1 24.67 25.14 25.32 25.88 25.16
CiFs 25.06 25.45 24.91 25.02 25.03
CiFs 26.00 26.15 26.70 25.53 26.13
CoFs 27.11 26.02 25.76 2613 | 2619
C,F» 26.01 26.95 26.94 24.76 26.18
C,Fs 26.20 26.48 25.74 26.81 26.26
SEM (4) 0.67 0.81 0.09 0.07 0.23

cD (P=0.05) | NS NS 0.276 0.234 NS
C1Gs 2556 | 2569 24.93 2555 | 2536
CiG> 24.61 25.72 26.08 25.39 25.44
C1Gs 25.55 25.34 25.92 2548 25.52
CoG1 26.82 26.63 26.64 26.13 26.55
C,oGs 26.07 26.53 26.23 25.17 26.02
C1Gs 26.42 26.29 25.58 26.40 26.05
SEm () 0.77 0.33 0.08 0.14 0.15

CD (P=0.05) NS NS 0.229 0.397 NS
Fi1Gy 25.93 25.98 24.93 25.50 25.53
Fi1G> 25.05 25.07 25.37 25.60 25.21
F.Gs 26.69 25.69 26.33 26.92 26.29
FoG1 26.04 26.32 26.14 25.50 25.96
F)Go 24.78 26.03 26.51 24.30 25.44
F1Gs 25.78 26.25 25.13 24.86 25.41
F3G1 26.61 26.18 26.29 26.53 26.37
F3G> 26.20 27.28 26.58 25.95 26.54
F-Gs 25.49 25 50 25.80 26.04 25.68
SEm (&) 0.94 0.40 0.10 0.17 0.18
CD (P=0.05) | NS 1176 0.281 0486 | 0522




Table 11c. Interaction effect of cropping system, top feeds and planting geometry
on dry matter content of top feeds during second year, per cent

Dry matter content of top feeds
Treatments | Harvest | Harvest Harvest Harvest

| 1 1 WV, Mean

CiF1G1 25.02 25.96 24.45 25.54 25.20
CiF1G2 23.34 24.75 25.39 25.65 24.75
CiFiGs 25.64 24.71 26.11 26.45 25.55
CiF2Gy 25.53 25.05 24.75 25.50 25.04
CiF2G2 23.95 25.51 25.23 25.10 24.89
CiF2Gs 25.70 25.80 24.76 24.45 25.14
C1F3Gy 26.13 26.05 25.60 25.60 25.84
CiFsG2 26.54 26.90 27.61 25.44 26.68
CiFsGs 25.31 25.50 26.90 25.54 25.88
CaF1Gy 26.83 26.00 25.40 25.45 25.87
CoF1G2 26.75 25.40 25.34 25.55 25.68
CoF1G3 27.74 26.67 26.54 27.40 27.02
CoF2Gy 26.55 27.60 27.53 25.50 26.88
CoF2G 25.60 26.54 27.80 23.50 25.98
CoF2G3 25.87 26.70 25.50 25.27 25.67
CoF3G1 27.08 26.30 26.99 27.45 26.91
C2F3G2 25.86 27.65 25.54 26.45 26.39
Ca2F3G3 25.66 25.50 24.70 26.54 25.47
SEm () 1.34 0.57 0.14 0.24 0.25
CD (P=0.05) NS NS 0.397 0.688 0.739




4.1.2.6. Root weight and root volume of top feeds

The result of effect of cropping system, top feeds and spacing on root weight
and root volume of top feeds after two years are presented in Tables 12a, 12b and
12c.

The results revealed that intercropping had significant effect on root weight.
Growing top feeds along with Bajra Napier hybrid increased the root weight and
root volume. After two years, root fresh weight under intercropping was 1369.85 g
per plant and dry weight was 204.25 g per plant. The root volume was also observed
to be significantly higher for C; (1216.95 cm®). Among the three top feeds, agathi
registered significantly the highest root fresh weight (1549.94 g per plant), root dry
weight (234.47 g per plant) and root volume (1429.35cm? per plant). The treatment
Gz was observed to be the best planting geometry with respect to root fresh weight
(1359.41 g per plant), dry weight (177.79 g per plant) and root volume (1224.06
cm?).

Among different treatment combinations, significant interaction between
cropping system and top feeds was observed in root dry weight with significantly
higher dry weight noticed in C2F1 (312.48 g per plant). However the effect on root
fresh weight and root volume were not significant. Root weight and volume were
not significant with respect to the interaction between cropping system and spacing.
There was significant interaction between top feeds and spacing with respect to root
fresh weight, root dry weight and root volume. The highest root fresh weight of
1821.23 g per plantand dry weight of 273.28 g per plantwere recorded in F1Gs. The
value of root dry weight was on par with F1G2 (233.41 g per plant). Moreover F1Gs
also observed to be significantly the highest with respect to root volume
(1682.99 cm? per plant).

Significant interaction between cropping system, top feeds and planting
geometry was noticed in root weight and root volume of top feeds after two years.
CoF1Gs registered significantly the highest root fresh weight (2454.98 g per plant),
root dry weight (405.91 g per plant) and root volume (2342.77cm? per plant).



Table 12a. Effect of cropping system, top feeds and planting geometry on root

weight and root volume of top feeds (after two years)

Root weight (g per plant) | Rootvolume
Treatments : : (cm® per
Fresh weight | Dry weight plant)

Cropping system (C)
C1: Sole crop (Top feeds) 952.71 103.71 885.64
C.:Intercrop (Bajra Napier Hybrid) 1369.85 204.25 1216.95
SEm () 20.17 8.80 9.25
CD (P=0.05) 124.423 54.284 57.048
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 1549.94 234.47 1429.35
F2: Erythrina (Erythrina indica) 850.08 84.42 751.81
F3: Drumstick (Moringa oleifera) 1083.83 143.04 972.73
SEm (%) 102.47 12.73 97.61
CD (P=0.05) 333.759 41.461 317.927
Planting geometry of top feeds (G)
Gu2mx1lm 1076.66 135.24 988.05
G2:2mx0.5m 1047.78 148.90 941.78
Ga: Paired system 1359.41 177.79 1224.07
SEm () 68.78 9.93 64.29
CD (P=0.05) 200.819 28.993 187.704




Table 12b. Effect of C x F, C x G and F x G interactions on root weight and root
volume of top feeds (after two years)

Root weight of top feeds (g per plant) Root volume
Treatments - - 3
Fresh weight Dry weight (cm® per plant)
CiF; 1191.50 156.46 1100.23
CiF» 860.06 70.84 811.91
CiFs 806.57 83.82 744.80
CoF; 1908.39 312.48 1758.47
CoF) 840.09 98.00 691.71
CoF3 1361.09 202.26 1200.66
SEm (%) 144,91 18.00 138.04
CD (P=0.05) NS 58.635 NS
C1G1 877.47 99.91 777.15
CiG, 1167.32 115.14 1063.30
CiG3 813.34 96.07 816.48
CoG1 1275.85 170.57 1198.95
CoG2 1551.50 240.45 1384.83
C.G3 1282.21 201.73 1067.07
SEm (1) 97.28 14.04 90.92
CD (P=0.05) NS NS NS
F1G1 1368.76 196.71 1299.48
F1G> 1459.85 233.41 1305.59
F1Gs 1821.23 273.29 1682.99
F2G1 591.20 47.00 478.19
F.Go 1062.12 110.48 949.27
FoGs 896.91 95.79 827.95
=N 1270.02 162.01 1186.46
FsG» 1194.88 149.62 1039.94
F3Gs 786.58 117.50 691.79
SEm (1) 119.14 17.20 111.36
CD (P=0.05) 347.828 50.218 325.112

NS: Not Significant




Table 12 c. Interaction effect of cropping system, top feeds and planting geometry

on root weight and root volume of top feeds (after two years)

Root weight of top feeds (g per plant)

Root volume

Treatments - - 3
Fresh weight Dry weight (cm° per plant)
CiF1Gs 1129.37 152.65 933.25
CiFG2 1,187.48 140.66 1023.20
C1F1Gs 1257.66 176.07 1344.23
C1F2G1 325.69 27.09 326.06
CiF2G2 1452.88 119.71 1352.34
Ci1F2Gs 801.60 65.71 757.32
C1F3Gy 1177.34 119.98 1072.12
C1F3G2 861.61 85.06 814.37
C1F3Gs 380.75 46.43 347.90
CoF1Gy 1608.15 240.76 1665.70
CoF1G2 1662.03 290.76 1266.95
CoF1Gs 2454.98 405.91 2342.77
CaF2G1 856.71 66.90 630.32
CoF2G2 671.35 101.24 546.21
CoF2Gs 992.21 125.86 898.59
CoF3Gy 1362.70 204.04 1300.81
CoRFsG2 1528.16 214.18 1265.51
CoFsGs 1192.40 188.57 1035.67
SEm (%) 168.48 24.33 157.48
CD (P=0.05) 491.903 71.019 459.778




4.1.3 Growth and yield attributes of Bajra Napier hybrid during first year

The observations on growth and yield attributes of Bajra Napier hybrid in
terms of plant height, leaf stem ratio, number of tillers, tussock diameter, green
fodder yield and dry fodder yield during first year were recorded and the results are
presented below.
4.1.3.1 Plant height

The result on the effect of top feeds and spacing on plant height of Bajra
Napier hybrid in six different harvests during first year are furnished in Tables 13a
and 13b.

The results revealed that the mean plant height of Bajra Napier hybrid over
all the six harvests varied significantly with different top feeds and F2 recorded
significantly greater mean plant height of 186.51cm. However the shortest height
(171.67 cm) was noticed by Fs in the first year. Among the three planting geometry
of top feeds, maximum mean plant height (Bajra Napier hybrid) was noticed for G»
(185.10 cm) and the value was comparable with Gi. The plant height of Bajra
Napier hybrid was not significantly influenced by the interaction between top feeds
and planting geometry.

The data regarding plant height in each harvest, it was revealed that the plant
height of Bajra Napier hybrid varied significantly in all the six harvests except fifth
harvest. Treatment F. recorded significantly the tallest plant height in first (183.63
cm), second (167.36 cm), third (190.94 cm), fourth (197.742 cm) and sixth (168.00
cm) harvest. But the values were comparable with Fy in third and fourth harvest
(182.8 cm and 193.818 cm respectively).

Regarding influence of planting geometry on plant height of Bajra Napier
hybrid in each harvest, it did not show any significant difference during third and
fifth harvests. Whereas in remaining harvests (first, second and fourth), taller plant
were noticed in G2 (177.14cm, 168.46 cm and 198.98 cm respectively) and the
values were on par with G1 (176.05 cm, 167.10 cm and 196.11 cm respectively).
Among the three planting geometry, Gz (paired system) recorded significantly the
shortest plant in all the harvests.



Table 13a: Effect of top feeds and planting geometry on plant height of Bajra Napier hybrid during first year, cm

Plant height
Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Mean
[ I 11 v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 167.55 158.31 182.80 193.82 209.61 160.79 178.81
F2: Erythrina (Erythrina indica) 183.63 167.36 190.94 197.74 211.42 168.00 186.52
F3: Drumstick (Moringa oleifera) 166.29 153.04 175.12 183.92 199.44 152.18 171.67
SEm () 2.20 1.50 2.34 2.51 2.58 1.73 1.40
CD (P=0.05) 8.854 6.027 9.427 10.126 NS 6.968 5.655
Planting geometry of top feeds (G)
Gu2mx1m 176.05 167.10 185.46 196.11 207.03 164.78 182.76
G2:2mx0.5m 177.14 168.46 184.57 198.98 209.55 171.93 185.10
Gs: Paired system 164.29 143.16 178.83 180.40 203.88 144.27 169.14
SEm () 2.54 2.60 3.41 2.60 2.36 1.74 1.19
CD (P=0.05) 7.923 8.093 NS 8.108 NS 5.431 3.696




Table 13b. Interaction effect of top feeds and planting geometry on plant height of Bajra Napier hybrid during first year, cm

Plant height
Treatments Harvest Harvest Harvest Harvest Harvest Harvest Mean
| 1 11 v V Vi
FXG

F1G1 172.46 167.28 192.94 198.74 203.95 167.27 183.77
F1G; 175.43 165.48 179.81 207.08 206.84 167.58 183.70
F1G3 154.78 142.16 175.66 175.64 218.05 147.54 168.97
FoG1 187.90 177.89 182.50 205.97 217.43 177.27 191.49
F.G2 186.53 180.68 191.35 197.61 218.89 182.27 192.89
FoG3 176.46 143.51 198.97 189.65 197.94 144.47 175.17
F3G1 167.79 156.12 180.94 183.61 199.72 149.79 173.00
F3G2 169.45 159.21 182.57 192.24 202.93 165.93 178.72
F3G3 161.64 143.80 161.85 175.90 195.67 140.82 163.28

SEm (%) 3.80 2.59 4.05 4.35 4.46 2.99 2.43

CD (P=0.05) NS NS 19.438 NS 14.146 10.318 NS




The interaction between top feeds and planting geometry did not show any
significant difference in all harvests except the third, fourth and fifth. In third
harvest, the tallest plant (198.97 cm) was noticed in F2Gs and the value was
comparable with F1G2, F1Gs3, F2G1, FoGa, F1G1, F3G1 and F3G2. However Fo.G»
recorded higher values in fifth (218.99 cm) and sixth (182.27 cm) harvest it was on
par with F1G, F1Gz and F2Gq in fifth harvest and with F2Gj in sixth harvest.
4.1.3.2. Leaf stem ratio

The effect of top feeds and its planting geometry on leaf stem ratio of Bajra
Napier hybrid during first year were analyzed and the results are presented in Tables
14aand 14 b.

The results revealed that in first year, the higher average leaf stem ratio of 2.10
was noticed when Bajra Napier hybrid intercropped with Erythrina. However
considering planting geometry, G» registered significantly higher mean leaf stem
ratio of 2.13. Regarding the interaction between top feeds and planting geometry,
F2G2 recorded the highest leaf stem ratio (2.32) and it was comparable with F2G;
(2.23).

Regarding individual harvest, Erythrina recorded significantly higher leaf
stem ratio in second, third, fifth and sixth harvests (1.77, 1.89, 2.85 and 1.87
respectively) and it was on par with agathi in sixth harvest (1.71).

The data also revealed that the planting geometry of top feed had significant
effect on leaf stem ratio of Bajra Napier hybrid and higher value was noticed in G
in all harvests (1.96, 1.86, 1.90, 2.40 and 2.91 respectively from first to fifth harvest)
except sixth harvest. However, G1 was significantly higher in sixth harvest (1.86).
Considering all the harvests, the lowest leaf stem ratio was in Gs. The study revealed
a positive interaction between top feeds and spacing on leaf stem ratio of Bajra
Napier hybrid. Among the treatment combinations, F2G2 recorded higher leaf stem
ratio of 2.11 in third harvest and it was on par with F>G1 (2.02). However at fifth
harvest, F2G2 recorded higher leaf stem ratio (3.21) and it was on par with F1Gzand
F2G1. The treatment combination F>G1 topped in leaf stem ratio at sixth harvest

(2.21) and it remained comparable with F1G1 and F.Ga.



Table 14a. Effect of top feeds and planting geometry on leaf stem ratio of Bajra Napier hybrid during first year

Leaf stem ratio

Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Mean
I 1 i \Y/ V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 1.56 1.50 1.69 2.34 2.57 1.71 1.90
F2: Erythrina (Erythrina indica) 1.94 1.77 1.89 2.25 2.85 1.87 2.10
Fs: Drumstick (Moringa oleifera) 1.70 1.39 1.53 2.33 2.34 1.33 1.77
SEm () 0.09 0.06 0.02 0.04 0.05 0.05 0.02
CD (P=0.05) NS 0.025 0.089 NS 0.205 0.203 0.094
Planting geometry of top feeds (G)
Gi:2mx1m 1.77 1.46 1.79 2.55 2.78 1.86 2.04
G2:2mx0.5m 1.96 1.86 1.90 2.40 2.91 1.75 2.13
Gs: Paired system 1.46 1.34 1.42 1.96 2.07 1.30 1.59
SEm () 0.05 0.07 0.03 0.06 0.05 0.05 0.02
CD (P=0.05) 0.169 0.219 0.084 0.184 0.154 0.146 0.068

NS: Not Significant




Table 14b. Interaction effect of top feeds and planting geometry on leaf stem ratio of Bajra Napier hybrid during first year

Treatments

Leaf stem ratio

Harvest Harvest Harvest Harvest Harvest Harvest Mean

I I i v \ VI

FXG

F1G 1.59 1.45 1.81 2.67 2.92 2.01 2.08
F1G, 1.85 1.87 1.98 2.30 2.84 1.88 2.12
F1G3 1.23 1.18 1.28 2.04 1.95 1.25 1.49
F,G 1.99 1.66 2.02 2.43 3.09 2.21 2.23
F.G, 2.16 2.14 2.11 2.32 3.21 1.97 2.32
FoG3 1.67 1.52 1.56 2.00 2.25 1.44 1.74
FsG; 1.74 1.26 1.55 2.56 2.33 1.37 1.80
FsG, 1.88 1.56 1.61 2.58 2.68 1.41 1.96
FsGs 1.47 1.33 1.43 1.85 2.00 1.20 1.55
SEm (%) 0.15 0.10 0.04 0.07 0.09 0.09 0.04
CD (P=0.05) NS NS 0.156 NS 0.294 0.280 0.131

NS: Not Significant




4.1.3.3. Number of tillers per hill

The data on effect of different top feeds and planting geometry on number
of tillers per hill of Bajra Napier hybrid during first year are presented in Tables
15a and 15b.

The results revealed that the mean number of tillers over all the six harvests
were significantly higher in F2 (24.18). Regarding planting geometry of top feeds,
the mean number of tillers in first year was the highest in G2 (23.36) and it was
comparable with Gi. The interaction between top feeds and planting geometry did
not record any significant effect on average number of tillers of Bajra Napier hybrid
in any of the harvests.

Regarding individual harvests, number of tillers of Bajra Napier hybrid did
not show any significant effect on top feeds in all harvests except third harvest
wherein F2 recorded significantly more number of tillers in third harvest (25.22).
Moreover, number of tillers significantly varied with planting geometry in all
harvests except fourth and sixth harvest. Growing top feeds at a geometry of 2 m x
0.5 m (G2) recorded the highest number of tillers in first (24.19), second (21.26),
third (23.16) and fifth (25.11) harvest. And the values were comparable with Gz (2

m X 1m).



Table 15a. Effect of top feeds and planting geometry on number of tillers per hill of Bajra Napier hybrid during first year

Number of tillers per hill

Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Mean
I 1 i v \ VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 20.53 18.46 17.01 21.80 26.78 14.18 19.79
F2: Erythrina (Erythrina indica) 24.53 21.83 25.22 23.67 30.33 19.49 24.18
Fs: Drumstick (Moringa oleifera) 20.56 17.01 19.11 18.31 22.30 14.63 18.65
SEm (%) 1.03 1.60 1.26 1.53 2.48 1.89 0.67
CD (P=0.05) NS NS 5.059 NS NS NS 2.687
Planting geometry of top feeds (G)
Gi:2mx1m 22.96 19.93 21.80 20.54 23.99 17.84 22.00
G2:2mx05m 24.19 21.26 23.16 24.34 25.11 16.85 23.36
Gs: Paired system 18.47 16.11 16.37 18.90 17.80 13.61 17.27
SEm (%) 1.35 0.92 1.81 1.94 2.13 1.13 0.08
CD (P=0.05) 4.211 2.861 5.637 NS 6.633 NS 2.744

NS: Not Significant




Table 15b. Interaction effect of top feeds and planting geometry on number of tillers per hill of Bajra Napier hybrid during first year

Treatments

Number of tillers per hill

Harvest Harvest Harvest Harvest Harvest Harvest Mean
| 1 Il v \% VI
FXG

F1G1 20.75 19.06 19.96 18.94 29.77 12.63 20.18
F1G; 23.37 20.65 16.58 26.66 29.84 17.54 22.44
F1G3 17.47 15.67 14.48 19.80 20.72 12.39 16.76
FoG1 25.36 22.40 26.54 24.34 32.97 22.13 25.63
F.Go 27.76 24.75 32.58 26.61 36.12 20.16 28.00
FoG3 20.45 18.33 16.52 20.05 2191 16.19 18.91
F3G1 22.76 18.34 18.91 18.33 23.99 18.76 20.18
F3G2 21.44 18.38 20.32 19.74 25.11 12.87 19.64
F3Gs 17.48 14.32 18.10 16.87 17.80 12.25 16.14
SEm () 1.78 2.77 2.17 2.66 4.29 3.28 1.15
CD (P=0.05) NS NS NS NS NS NS NS

NS: Not Significant




4.1.3.4. Tussock diameter

Tables 16a and 16b present the effect of top feeds and planting geometry on
tussock diameter of Bajra Napier hybrid during first year.

The data on tussock diameter of Bajra Napier hybrid with respect to
different top feeds in the main field revealed that the treatment F> recorded
significantly higher mean tussock diameter (70.55 cm) in the first year. Among the
three planting geometry, G recorded the highest value of 69.98 cm and it was on
par with G1. The data revealed that F x G interaction was not significant with respect
to mean tussock diameter of Bajra Napier hybrid.

The results also revealed that, there was significant effect for growing Bajra
Napier hybrid as an intercrop along with the top feeds, in all harvests except the
third and fifth harvests. Moreover, the treatment F, also recorded significantly
higher tussock diameter in first (69.38 cm), second (65.20 cm) and fifth (89.51 cm)
harvest. However in the fourth harvest, the treatment F, (66.68 cm) was comparable
with F1 (63.07 cm).

Significant influence of planting geometry on tussock diameter was
observed in all harvests, excluding first and third harvests. Regarding individual
harvests, the treatment G2 recorded significantly higher tussock diameter in fourth
(67.73 cm) harvest. The same treatment topped in second harvest also (64.30 cm)
and it was on par with G1 (61.79 cm). However in fifth and sixth harvests, G; had
the highest value (89.49 cm and 66.68 cm respectively) and it was comparable with
G2 (88.99 cm and 64.30 cm respectively). Moreover the F x G interaction was not
significant with respect to tussock diameter of Bajra Napier hybrid in all the
harvests except third and fifth. At third harvest, the treatment combination F3Gs
recorded the highest value of 70.85 cm and it was on par with F2G1, F2G2 and
F3G2Whereas F2G> recorded the highest value in fifth harvest (95.63 cm) and it was
comparable with F3G1, F2G1 and F1Go.



Table 16a. Effect of top feeds and planting geometry on tussock diameter of Bajra Napier hybrid during first year, cm

Tussock diameter

Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Mean
[ 1 Il v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 62.95 60.50 59.93 63.07 81.19 64.83 65.41
F2: Erythrina (Erythrina indica) 69.38 65.20 65.10 66.68 89.51 67.42 70.55
F3: Drumstick (Moringa oleifera) 61.42 59.20 66.58 56.34 79.34 63.67 64.43
SEm () 0.97 0.88 1.33 1.38 1.97 2.06 0.49
CD (P=0.05) 3.893 3.560 NS 5.562 7.956 NS 1.991
Planting geometry of top feeds (G)
Gi:2mx1m 64.59 61.79 63.97 61.32 89.49 66.68 68.09
G2:2mx05m 66.77 64.30 65.53 67.73 88.99 64.30 69.98
Gs: Paired system 62.38 58.82 62.10 57.04 71.56 60.02 62.32
SEm () 1.14 1.28 1.77 1.73 1.36 1.40 0.69
CD (P=0.05) NS 3.976 NS 5.390 3.927 4.373 2.152




Table 16b. Interaction effect of top feeds and planting geometry on tussock diameter of Bajra Napier hybrid during first year, cm

Treatments

Tussock Diameter

Harvest Harvest Harvest Harvest Harvest Harvest Mean
I I i v \ VI
FXG

F1G 62.61 60.95 63.71 59.42 87.49 66.11 66.71
F1G, 64.49 62.58 58.81 70.30 89.22 67.00 68.74
F1G3 61.74 57.97 57.28 59.48 66.86 61.38 60.79
F,G 68.96 64.82 67.71 68.86 90.13 69.35 71.64
F.G» 71.95 68.12 69.40 71.20 95.63 68.30 74.10
F,G3 67.22 62.67 58.17 59.98 82.77 64.61 65.90
FsG; 62.21 59.60 60.49 55.68 90.85 66.68 65.92
FsG, 63.87 62.19 68.38 61.68 82.11 64.30 67.09
FsG3 58.19 55.81 70.85 51.66 65.05 60.02 60.27

SEm (%) 1.67 1.53 2.31 2.39 3.42 3.56 0.86

CD (P=0.05) NS NS 10.176 NS 7.903 NS NS

NS: Not Significant




4.1.3.5. Green fodder yield

The data on effect of different top feeds and planting geometry on green
fodder yield of Bajra Napier hybrid during first year are furnished in Tables 17a
and 17b.

The total green fodder yield of Bajra Napier hybrid over six harvests during
first year revealed significantly higher total green fodder yield (72.71 t ha’yr?) in
Erythrina. Regarding planting geometry, the highest total green fodder yield of
75.34 t hat yr! was recorded by G. With respect to F x G interaction, the highest
total green fodder yield of Bajra Napier hybrid was recorded as 79.33 t ha™ yr by
F.G1 and it was on par with FoG2 (79.73 t hatyr?).

Regarding the data on individual harvest, among three different top feeds,
growing Bajra Napier hybrid as an intercrop in Erythrina recorded significantly
higher green fodder yield in all the harvests (10.44 t hal, 9.66 t ha, 12.44 t ha™,
14.23 t hal, 16.64 t hat and 9.29 t ha* respectively). However, the lowest green
fodder yield was noticed in drumstick in all the six harvests (9.30 t ha*, 7.87 t ha,
10.62 that, 12.15tha' 13.61 tha® and 7.54 t ha respectively). Among  the
three planting geometry of top feeds, G2 recorded significantly the highest green
fodder yield in third (13.28 t ha), fourth (14.23 t ha') and fifth (17.36 t ha?)
harvests. However G recorded the highest green fodder yield in first (10.81 t ha™®),
second (9.75 t ha't) and sixth (9.49 t ha'l) harvests and it was on par with G,

Regarding the interaction between top feeds and spacing,
significantly higher green fodder yield was noticed in the treatment combination
F,G1 in first (11.20 t ha'), second (10.56 t hal) and sixth (10.84 t hal) harvest.
Whereas F>G. recorded significantly higher green fodder yield in third
(14.00 t ha'l), fourth (16.12 t ha'*) and fifth (19.06 t ha') harvest and at first harvest,
it was on par with both F1G; and F1Go.



Table 17a. Effect of top feeds and planting geometry on green fodder yield of Bajra Napier hybrid during first year, t ha

Treatments

Green fodder yield

Harvest Harvest Harvest Harvest Harvest Harvest Total
I 1 i v \ VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 9.36 8.21 11.01 12.74 14.42 7.78 63.53
F2: Erythrina (Erythrina indica) 10.44 9.66 12.44 14.23 16.64 9.29 72.71
F3: Drumstick (Moringa oleifera) 9.30 7.87 10.62 12.15 13.61 7.54 61.10
SEm (%) 0.12 0.12 0.09 0.15 0.25 0.09 0.31
CD (P=0.05) 0.496 0.464 0.381 0.609 0.996 0.373 1.239
Planting geometry of top feeds (G)
Gu2mx1lm 10.81 9.75 12.57 14.36 16.58 9.49 73.56
G2:2mx05m 10.51 9.56 13.28 15.21 17.36 9.43 75.34
Gs: Paired system 7.79 6.44 8.23 9.56 10.74 5.69 48.44
SEm () 0.10 0.09 0.09 0.07 0.13 0.11 0.28
CD (P=0.05) 0.312 0.281 0.283 0.231 0.414 0.346 0.856




Table 17b. Interaction effect of top feeds and planting geometry on green fodder yield of Bajra Napier hybrid during first year, t ha*

Green fodder yield

Treatments Harvest Harvest | Harvest Harvest Harvest Harvest Total
| 1 Il v \Y Vi
FXG

F1G1 10.80 9.47 12.21 14.12 16.52 9.10 72.21
F1G; 10.50 9.74 13.45 15.29 17.16 9.47 75.60
F1G3 6.79 5.43 7.39 8.83 9.56 4.78 42.77
= 11.20 10.56 13.46 15.35 17.92 10.84 79.33
F.G, 10.83 9.92 14.00 16.12 19.06 9.80 79.73
FoG3 9.30 8.51 9.87 11.24 12.94 7.23 59.07
F3Gs 10.43 9.23 12.04 13.61 15.28 8.53 69.12
F3Go 10.20 9.00 12.39 14.21 15.86 9.03 70.68
F2Gs 7.29 5.38 7.44 8.63 9.70 5.06 43.49
SEm () 0.21 0.20 0.16 0.26 0.43 0.16 0.53
CD (P=0.05) 0.608 0.551 0.541 0.480 0.851 0.645 1.650




4.1.3.5. Dry fodder yield

The data on effect of top feeds and spacing on the dry fodder yield of Bajra
Napier hybrid during first year are furnished in Tables 18a and 18b.

The total dry fodder yield of Bajra Napier hybrid was significantly
influenced by different top feeds in main plot and significantly higher values were
recorded by F» (18.11 t ha yr!). Regarding subplot factor, significantly higher total
dry fodder yield was noticed in G, (18.78 t hat yr'!). Moreover, the experiment also
showed significant interaction between top feeds and planting geometry with
respect to total dry fodder yield. The treatment combination F>G> recorded the
highest total dry fodder yield (19.85 t hayr?) and it was on par with F2G1

The data on individual harvests revealed that growing Bajra Napier hybrid
as intercrop with Erythrina recorded significantly higher dry fodder yield in first
(2.574 t ha'l), second (2.42 t hal), third (3.33 t hat), fourth (3.59 t ha't), fifth (3.90
t hal) and sixth (2.30 t ha') harvests. Among the three planting geometry of top
feeds, G2 recorded significantly the highest green fodder yield in the third (3.53 t
hal), fourth (3.84 t hal) and sixth (2.38 t ha') harvests. However G; recorded
higher dry fodder yield in first (2.62 t ha?), second (2.50 t ha®) and fifth
(3.99 t ha!) harvests and it was on par with Gz,

The interaction effect of top feeds and spacing showed significant effect on
dry fodder yield of top feeds in all the harvests. At first harvest, the treatment
combination F2G; recorded the highest dry fodder yield of 2.7 t hatand it was on
par with F1G1, F2G1and FsG2. At second harvest, F1G2 had showed the highest value
(2.75 t hat) and it was on par with F2Gx1. In third and fourth harvests, F2G2 recorded
the highest dry fodder yield (4.03 t ha and 4.04 t ha™ respectively) and it was
comparable with F1G2 and F.Gy in fourth harvest. At fifth and sixth harvest F2G:
recorded the higher value of 4.29 and 2.81 t ha* respectively. At fifth harvest, it was
on par with F1G1, F1G2and F2Ga.



Table 18a. Effect of top feeds and planting geometry on dry fodder yield of Bajra Napier hybrid during first year, t ha™.

Dry fodder yield
Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Total
[ 1 11 v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 2.34 2.10 2.79 3.24 3.50 1.88 15.85
F2: Erythrina (Erythrina indica) 2.57 2.42 3.33 3.59 3.90 2.30 18.11
Fs: Drumstick (Moringa oleifera) 2.26 2.09 2.89 2.96 3.14 1.90 15.24
SEm () 0.03 0.03 0.03 0.05 0.04 0.03 0.07
CD (P=0.05) 0.108 0.135 0.106 0.198 0.160 0.120 0.276
Planting geometry of top feeds (G)
Gu2mx1m 2.62 2.50 3.26 3.67 3.99 2.31 18.36
G2:2mx0.5m 2.60 2.47 3.53 3.84 3.97 2.38 18.78
Gs: Paired system 1.96 1.64 2.22 2.28 2.58 1.39 12.06
SEm () 0.03 0.02 0.03 0.03 0.07 0.03 0.10
CD (P=0.05) 0.091 0.073 0.090 0.105 0.202 0.082 0.298




Table 18b. Interaction effect of top feeds and planting geometry on dry fodder yield of Bajra Napier hybrid during first year, t ha.

Dry fodder yield
Treatments Harvest Harvest Harvest Harvest Harvest Harvest Total
| 1 1 v Vv VI
FXG

F.Gy 2.69 2.27 3.05 3.79 4.28 2.00 18.08
F1G» 2.55 2.75 3.35 3.81 3.93 2.45 18.84
F1G3 1.78 1.29 1.98 2.11 2.29 1.19 10.64
F.Gy 2.68 2.63 3.51 3.83 4.29 2.81 19.75
F.Go 2.70 2.49 4.03 4.02 4.18 2.44 19.85
F.Gs 2.35 2.13 2.45 2.91 3.23 1.66 14.72
FsG; 2.49 2.59 3.23 3.39 3.41 2.13 17.24
FsG, 2.54 2.17 3.21 3.68 3.79 2.25 17.65
F3G3 1.75 151 2.22 1.81 2.22 1.31 10.81
SEm () 0.05 0.06 0.05 0.09 0.07 0.05 0.12
CD (P=0.05) 0.172 0.145 0.170 0.210 0.366 0.158 0.548




4.1.4 Growth and yield attributes of Bajra Napier hybrid during second year

The observations on growth and yield attributes of Bajra Napier hybrid, viz.,
plant height, leaf stem ratio, number of tillers, tussock diameter, green fodder yield
and dry fodder yield during second year and root weight and root volume after two
years were recorded and the results are presented below.
4.1.4.1 Plant height

The variation in plant height of Bajra Napier hybrid with respect to the top
feeds and planting geometry are furnished in Tables 19a and 19b

The data on mean plant height of all harvests during the second year
revealed that average plant height of Bajra Napier hybrid was higher when it was
intercropped with Erythrina (185.28cm) and it was on par with agathi. Among
subplot treatments, it was observed that the mean plant height was the highest in G
(186.05 cm) and it was on par with G1 (183.86 cm). However the data indicated that
the plant height of Bajra Napier hybrid vary significantly with the interaction
between top feeds and planting geometry.

Among different top feeds, F> recorded the tallest in first (185.15cm), second
(167.99 cm), fourth (197.08cm) and sixth (172.15cm) harvests and it was on par
with F1. However, the plant height did not vary significantly in third and fifth
harvests.

Regarding the sub plot treatments, G2 had the tallest plants in first (178.62
cm), second (168.85cm), fourth (201.70 cm) and sixth (178.17 cm) harvests and in
all these harvests except sixth harvest, the values were comparable with Gi.
However the treatment G recorded the tallest plants in third (186.40 cm) harvest
and it was on par with G2. The data on interaction between top feeds and planting
geometry did not show any significant variation with respect to plant height in any
of the harvest except sixth harvest. The treatment combination F>G: recorded the
tallest plants in sixth harvest (187.09 cm) and it was comparable with F.G; and
F1G2.



Table 19a: Effect of top feeds and planting geometry on plant height of Bajra Napier hybrid during second year, cm

Plant height
Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Mean
[ 1 11 v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 170.26 161.23 184.57 196.44 208.03 164.17 180.78
F2: Erythrina (Erythrina indica) 185.15 167.99 181.56 197.08 207.77 172.15 185.28
F3: Drumstick (Moringa oleifera) 165.55 154.97 173.71 185.01 200.38 159.11 173.12
SEm (%) 3.76 1.73 2.39 1.67 3.00 1.60 1.73
CD (P=0.05) 15.141 6.982 NS 6.716 NS 6.458 6.991
Planting geometry of top feeds (G)
Gi:Z2mx1lm 177.53 168.32 186.40 196.29 205.13 169.49 183.86
G2:2mx0.5m 178.62 168.85 184.67 201.71 204.29 178.17 186.05
Gs: Paired system 164.81 147.03 168.76 180.53 206.76 147.77 169.28
SEm (%) 2.66 2.81 3.35 3.14 2.63 2.32 1.14
CD (P=0.05) 8.297 8.758 10.447 9.774 NS 7.241 3.560

NS: Not Significant




Table 19b. Interaction effect of top feeds and planting geometry on plant height of Bajra Napier hybrid during second year, cm

Plant height
Treatments Harvest Harvest Harvest Harvest Harvest Harvest Mean
I I Il v \ Vi
FXG

F1G1 174.94 168.65 193.94 198.81 205.55 162.08 184.00
F1G; 177.91 166.85 181.96 214.80 201.89 174.41 186.30
F1Gs 157.93 148.20 177.81 175.71 216.66 156.01 172.05
FoGy 190.38 178.28 184.66 205.49 207.72 184.72 191.88
F2Go 189.02 179.88 191.03 196.62 210.51 187.09 192.36
FoGs 176.05 145.80 169.00 189.14 205.06 144.64 171.62
= e 167.27 158.02 180.62 184.57 202.12 161.67 175.71
F3G2 168.93 159.82 181.02 193.70 200.48 173.00 179.49
F3Gs 160.45 147.08 159.48 176.75 198.56 142.67 164.16

SEm (#) 6.51 3.00 4.13 2.89 5.19 2.17 3.00

CD (P=0.05) NS NS NS NS NS 13.250 NS

NS: Not Significant




4.1.4.2. Leaf stem ratio

The results on the effect of top feeds and its planting geometry on leaf stem
ratio of Bajra Napier hybrid during second year were analyzed and the results are
furnished in Tables 20a and 20b.

Among the three different top feeds, intercropping Bajra Napier hybrid with
Erythrina (F2) recorded significantly higher mean leaf stem ratio of 2.16 during
second year. Planting geometry of top feeds had significant effect on leaf stem ratio
of Bajra Napier hybrid and mean leaf stem ratio was found to be significantly higher
for both Gz and G2 (2.12). Among treatment combinations, higher average leaf stem
ratio was noticed for F2G2 (2.32) and it was comparable to F1G1 and F2G1.

With respect to the variation in leaf stem ratio with respect to different
cropping systems, intercropping Erythrina with Bajra Napier hybrid recorded
significantly higher value in first harvest (2.12). The same treatment also recorded
the highest value in second (1.91), third (1.93) and sixth harvests (1.87) and it was
comparable with the leaf stem ratio of Bajra Napier hybrid intercropping with agathi
(F1) in all these three harvests.

Planting geometry of top feed had significant effect on leaf stem ratio of
Bajra Napier hybrid and among the individual harvests, higher value was noticed
by G. in first (2.0), second (1.94), third (1.86) and fifth (2.95) harvests.

However in fourth and sixth harvests, higher leaf stem ratio was noticed in G
(2.49and 1.88 respectively). Growing top feeds under paired row system (Gaz)
recorded the lowest leaf stem ration in all the six harvests.

The results also revealed significant interaction between top feeds and
planting geometry in all the harvests, except first and fourth harvest. At second and
third harvests, F2G> recorded higher leaf stem ratio (2.08 and 2.11) and it was on
par with F2G1, F1G2 and F1G: in both the harvests. The treatment combination, F.G2
had higher value in fifth harvest (3.21) and F2G1 in sixth harvest (2.23).



Table 20a: Effect of top feeds and planting geometry on leaf stem ratio of Bajra Napier hybrid during second year

Treatments

Leaf stem ratio

Harvest Harvest Harvest Harvest Harvest Harvest Mean
I 1 11 I\ \ VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 1.73 1.82 1.88 2.27 2.54 1.78 2.00
F2: Erythrina (Erythrina indica) 2.12 1.91 1.93 2.28 2.83 1.87 2.16
Fs: Drumstick (Moringa oleifera) 1.65 1.50 1.53 2.30 2.59 1.19 1.79
SEm (%) 0.09 0.03 0.03 0.03 0.09 0.03 0.01
CD (P=0.05) 0.376 0.130 0.127 NS NS 0.129 0.044
Planting geometry of top feeds (G)
Gu2mx1lm 1.87 1.80 1.85 2.49 2.83 1.88 2.12
G2:2mx05m 2.00 1.94 1.86 2.43 2.95 1.53 2.12
Gs: Paired system 1.62 1.49 1.63 1.94 2.19 1.43 1.72
SEm (%) 0.07 0.04 0.04 0.06 0.05 0.04 0.02
CD (P=0.05) 0.223 0.117 0.124 0.170 0.144 0.134 0.070




Table 20b. Interaction effect of top feeds and planting geometry on leaf stem ratio of Bajra Napier hybrid during second year

Leaf stem ratio

Treatments Harvest Harvest Harvest Harvest Harvest Harvest Mean
I I Il v \ Vi
FXG

F1G1 1.93 2.00 2.02 2.60 2.88 2.14 2.26
F1G> 1.77 2.07 1.84 2.28 2.77 1.71 2.07
F1Gs3 1.49 1.41 177 1.94 1.97 151 1.68
FoGy 2.16 1.99 2.07 2.37 3.06 2.23 2.31
FoGo 2.29 2.08 2.11 2.45 3.21 1.76 2.32
F2Gs 191 1.65 1.63 2.00 2.21 1.63 1.84
FiG, 1.53 1.40 1.48 2.50 2.54 1.28 1.79
F1Gs 1.95 1.68 1.65 2.55 2.86 1.13 1.97
F3Gs 1.47 1.40 1.48 1.86 2.39 1.17 1.63
SEm (%) 0.16 0.06 0.05 0.06 0.16 0.06 0.02
CD (P=0.05) NS 0.219 0.230 NS 0.297 0.248 0.125

NS: Not Significant




4.1.4.3. Number of tillers per hill

The data representing the effect of different top feeds and planting geometry
on number of tillers of Bajra Napier hybrid during second year are furnished in
Tables 21a and 21b.

The data showed that among different top feeds, the highest mean tillers
count (25.55) was observed in F.. Among planting geometry in subplot,
significantly the highest average number of tillers were noticed in G2 (24.94).The
F x G interaction was significant with respect to mean number of tillers and
treatment combination F.G recorded significantly higher mean number of tiller
(30.70).

Regarding individual harvests, no significant interaction with respect to
number of tillers of Bajra Napier hybrid was noticed in all the harvests, except third
and fourth. F> (Bajra Napier hybrid + Erythrina) recorded the highest number of
tillers in these two harvests (28.30 and 24.87 respectively). However in fourth
harvest, the value of F> was comparable with Fy (21.37).

Among sub plot treatments, significant variation in number of tillers were
observed in all the harvests, except sixth with the highest value in G2 (27.63, 22.15,
27.13, 23.41 and 30 respectively).  The data on interaction between top feeds and
planting on number of tillers showed that it significantly varied in all the harvests
except third and sixth harvest. The treatment combination F>G2 recorded the highest
number of tillers in first (33.11), second (26.39), fourth (29.82) and fifth (37.560)
harvest. At second harvest, the value was on par with F1Gz, Fi1Gs F2G: and
FsG1.However in fourth and fifth harvest, the values were comparable with F2G1.
4.1.4.4. Tussock diameter

Tables 22a and 22b present the data on the effect of top feeds and planting
geometry on tussock diameter of Bajra Napier hybrid during second year.

The results on mean tussock diameter of all the six harvests during the
second year revealed that the treatment F2 noticed significantly higher mean tussock
diameter (70.78 cm). Among three different spacing of top feeds, average tussock
diameter of Bajra Napier hybrid was higher for G2 (70.57cm) and it was on par with

G1. However the effect of interaction between top feeds and planting geometry was



not significant The results showed that tussock diameter of Bajra Napier hybrid
varied significantly to different top feeds in third, fourth and fifth harvests and the
highest value was noticed in F2 in all these three harvests (66.31 cm, 68.09 cm and
89.00 cm respectively). At third and fourth harvests, the values were on par with
F1.Among three planting geometry, the highest tussock diameter was noticed in G
for all the harvests (64.56 cm, 66.91cm, 88.385 cm and 67.82 cm respectively) and
it was on par with G1. However Gy recorded the highest value (69.16cm) at first
harvest and it was on par with Ga.

No significant interaction was observed between top feeds and spacing with
respect to tussock diameter in any of the harvests



Table 21a. Effect of top feeds and planting geometry on number of tillers per hill of Bajra Napier hybrid during second year

Number of tillers per hill

Treatments Harvest | Harvest Harvest Harvest Harvest | Harvest Mean
[ 11 i v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 25.17 19.55 23.27 21.37 23.80 17.54 21.78
F2: Erythrina (Erythrina indica) 25.63 22.35 28.30 24.87 30.89 21.25 25.55
F3: Drumstick (Moringa oleifera) 22.29 20.59 19.08 17.55 22.05 18.06 19.94
SEm (1) 2.38 0.81 1.01 1.11 2.03 1.94 0.48
CD (P=0.05) NS NS 4.054 4.491 NS NS 1.932
Planting geometry of top feeds (G)
Gi:2mx1m 22.28 21.71 23.70 20.71 27.48 19.96 22.64
G2:2mx05m 27.63 22.15 27.13 23.41 30.00 19.35 24.95
Gs: Paired system 23.18 18.64 19.82 19.67 19.26 17.54 19.68
SEm () 0.84 0.93 1.17 0.81 1.16 1.04 0.30
CD (P=0.05) 2.606 2.898 3.656 2.509 3.597 NS 0.946

NS: Not Significant




Table 21b: Interaction effect of top feeds and planting geometry on number of tillers per hill of Bajra Napier hybrid during second

year
Number of tillers per hill
Treatments Harvest Harvest Harvest Harvest Harvest Harvest Mean
| 1 Il v \% VI
FXG

F1G1 23.39 16.58 21.22 18.31 23.17 16.31 19.83

F1G; 25.73 21.07 27.73 23.54 26.41 18.15 23.77

F1Gs 26.40 21.01 20.87 22.25 21.81 18.18 21.75

FoGy 24.74 25.68 26.55 27.48 36.51 21.43 27.06

F.Go 33.11 26.39 34.05 29.82 37.56 23.25 30.70

FoG3 19.06 14.99 24.29 17.32 18.59 19.06 18.89

F3G1 18.72 22.87 23.33 16.34 22.74 22.16 21.03

F3G2 24.07 18.98 19.61 16.87 26.03 16.65 20.37

F3Gs 24.07 19.93 14.29 19.44 17.38 15.38 18.41

SEm (3) 4.12 1.41 1.74 1.93 3.51 3.36 0.83

CD (P=0.05) 5.578 5.426 NS 4971 7.342 NS 1.906

NS: Not Significant




Table 22a. Effect of top feeds and planting geometry on tussock diameter of Bajra Napier hybrid during second year, cm

Tussock diameter

Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Mean
[ 1 11 v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 65.40 61.27 61.44 63.73 77.79 65.17 65.80
F2: Erythrina (Erythrina indica) 69.50 64.93 66.31 68.09 89.00 66.82 70.78
Fs: Drumstick (Moringa oleifera) 63.23 57.84 58.13 58.90 73.00 62.07 62.19
SEm () 2.09 1.72 1.43 1.72 1.54 1.66 0.53
CD (P=0.05) NS NS 5.776 6.933 6.194 NS 2.138
Planting geometry of top feeds (G)
Gu2mx1m 69.16 63.43 62.84 64.68 84.83 66.64 68.60
G2:2mx0.5m 67.45 64.56 66.31 68.91 88.39 67.82 70.57
Gs: Paired system 61.51 56.06 56.73 57.13 66.57 59.60 59.60
SEm () 1.60 1.48 1.33 1.33 1.66 1.26 0.76
CD (P=0.05) 4.995 4.620 4.147 4.140 5.164 3.933 2.363

NS: Not Significant




Table 22b. Interaction effect of top feeds and planting geometry on tussock diameter of Bajra Napier hybrid during second year, cm

Tussock Diameter

Treatments Harvest Harvest Harvest Harvest Harvest Harvest Mean
| 1 Il v V Vi
FXG

F1G1 68.49 62.70 63.10 64.57 84.43 66.97 68.38
F1G» 67.45 63.40 64.66 67.73 85.48 68.83 69.59
F1G3 60.25 57.72 56.55 58.91 63.47 59.72 59.44
FoG1 70.53 67.26 68.27 71.03 92.13 69.23 73.08
F.G2 70.17 69.13 71.80 75.11 98.90 69.15 75.71
F2Gs3 67.79 58.41 58.86 58.13 75.97 62.07 63.54
F3G1 68.47 60.32 57.15 58.45 77.93 63.70 64.34
FsG» 64.71 61.14 62.48 63.89 80.78 65.48 66.41
F3G3 56.49 52.07 54.77 54.37 60.28 57.01 55.83
SEm (%) 3.61 2.98 2.48 2.98 2.66 2.88 0.92

CD (P=0.05) NS NS NS NS NS NS NS

NS: Not Significant.




4.1.4.5. Green fodder yield

The results of effect of different top feeds and planting geometry on green
fodder yield of Bajra Napier hybrid during second year are presented in Tables 23a
and 23b.

The total green fodder yield of Bajra Napier hybrid over six harvest during
second year revealed significantly higher total green fodder yield of 73.54 t ha™yr
! with Erythrina. Among planting geometry, significantly higher total green fodder
yield of 75.98 t ha yr was recorded by G». Regarding the interaction between top
feeds and planting geometry, the highest total green fodder yield of Bajra Napier
hybrid was recorded by F2G (80.68 t ha yr! ) and it was on par with F2G, (80.33t
hatyr?).

Regarding individual harvest data,the results were similar to first year in
which F; significantly higher green fodder yield in all the six harvests (10.16 t ha™,
9.27 t ha',12.85 t ha',14.57 t ha!,17.03 t hal and 9.65 t ha® respectively)
.Moreover, F; recorded the lowest value in all harvests (8.38 t ha!,7.91 t ha,10.72
tha?,12.45,13.58 t ha! and 8.31 t ha® respectively).

Regarding the sub plot treatments, G recorded the highest green fodder
yield in first (10.51 t ha'l), second (9.64 t ha®), third (13.30 t ha!), fourth (15.11 t
ha) and sixth (10.50 t ha) harvests. Whereas, G: recorded significantly higher
value in fifth harvest (17.28 t hal). At second harvest, the G, was comparable with
G1.

Regarding the interaction between top feeds and spacing, significantly
higher green fodder yield was noticed in the treatment combination F.Gz in first
(11.53 t hal), second (10.21 t ha?), third (14.18 t ha) and fourth harvest (16.01 t
ha!). Whereas, F.G1 recorded significantly higher green fodder yield in fifth harvest
(19.80 t ha'). In harvest three and four, the highest value of green fodder yield was
comparable to F.G1.
4.1.4.6. Dry fodder yield

Tables 24 a and 24 b present the variation in dry fodder yield of Bajra
Napier hybrid with respect to top feeds and planting geometry during second year.



The total dry fodder yield of Bajra Napier hybrid was significantly influenced
by different top feeds in main plot and significantly higher value was recorded by
F2 (19.16 t ha' yr').Regarding subplot factor, significantly higher total dry fodder
yield was noticed by G2 (19.70 t ha'* yr). Moreover, the total dry fodder yield was
also influenced by the FxG interaction and the highest value was noticed in F2G»
(21.11 t hat yrt) and it was on par with F2G.

Regarding the main plot treatments with different top feeds, significantly
higher green fodder yield was noticed in F» for all the six harvests (2.63 t hat, 2.43
thal, 3.33 tha?,3.81tha',4.43 t ha! and 2.53 t ha™* respectively ) and a total dry
fodder yield of 19.16 t hal yr. As in the first year the lowest dry fodder yield was
observed in drumstick in all the harvests.

Among three planting geometry of top feeds, G2 recorded significantly the
highest dry fodder yield in second (2.51 t ha?) third (3.53 t ha) fourth (3.87 t ha-
1y and sixth harvest (2.73 t hal). However G; recorded higher dry fodder yield in
first (2.71 t ha!) and fifth (4.66 t ha) harvests and at first harvest, G1 was on par
with G,. However in second and third harvests, the value were comparable with G;.

The treatment combinations did not show any significant effect on dry
fodder yield of Bajra Napier hybrid in any of the harvests, except first and sixth
harvests. At first harvest, F2G, recorded the highest dry fodder yield of 2.93 t ha!
and it was on par with F1G1, F1G2 and F2G2 .However, at sixth harvest, F1G2 had
higher dry fodder yield (2.81 t hal) and it was on par with F2.G1 and F2G..



Table 23 a. Effect of top feeds and planting geometry on green fodder yield of Bajra Napier hybrid during second year, t ha*

Green fodder yield

Treatments Harvest | Harvest | Harvest | Harvest | Harvest | Harvest Total
[ 11 Il v V VI

Top feeds (F)
F1: Agathi (Sesbania grandiflora) 9.11 8.13 11.30 12.83 14.46 8.96 64.78
F2: Erythrina (Erythrina indica) 10.16 9.27 12.85 14.57 17.03 9.65 73.54
F3: Drumstick (Moringa oleifera) 8.38 7.91 10.72 12.45 13.58 8.31 61.34
SEm (1) 0.06 0.07 0.08 0.08 0.09 0.15 0.23
CD (P=0.05) 0.243 0.292 0.315 0.334 0.371 0.593 0.914
Planting geometry of top feeds (G)
Gu:2mx1lm 10.17 9.34 12.84 14.67 17.28 9.84 74.14
G2:2mx0.5m 10.51 9.64 13.30 15.11 16.91 10.50 75.98
G3: Paired system 6.97 6.32 8.72 10.07 10.88 6.58 49.54
SEm () 0.10 0.11 0.08 0.11 0.11 0.09 0.15
CD (P=0.05) 0.299 0.344 0.251 0.346 0.338 0.266 0.477




Table 23b. Interaction effect of top feeds and planting geometry on green fodder yield of Bajra Napier hybrid during second year,
tha'

Green fodder yield
Treatments Harvest Harvest Harvest Harvest Harvest Harvest Total
| I 1 v Vv VI
FXG

F1G1 10.30 9.08 12.53 14.25 16.57 9.96 72.68
F1G» 10.49 9.44 13.36 14.90 16.89 11.06 76.13
F1G3 6.54 5.86 8.02 9.34 9.92 5.87 45,53
F.G; 10.67 9.94 13.87 15.70 19.80 10.36 80.33
F.G, 11.53 10.21 14.18 16.01 18.06 10.69 80.68
F.Gs 8.29 7.67 10.50 12.00 13.25 7.90 59.60
F3G1 9.54 9.00 12.13 14.06 15.47 9.20 69.41
F3G» 9.51 9.27 12.37 14.41 15.79 9.77 71.13
F3G3 6.07 5.45 7.64 8.87 9.48 5.97 43.48
SEm () 0.11 0.13 0.14 0.14 0.16 0.16 0.39
CD (P=0.05) 0.543 0.626 0.475 0.638 0.631 0.631 0.953




Table 24a. Effect of top feeds and planting geometry on dry fodder yield of Bajra Napier hybrid during second year, t ha’

1

Treatments

Dry fodder yield

Harvest

Harvest

Harvest

Harvest

Harvest

Harvest

| 1 1l IV Vv Vi Total
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 241 2.08 3.00 3.15 3.84 2.27 16.75
F2: Erythrina (Erythrina indica) 2.63 2.43 3.33 3.81 4.43 2.53 19.16
Fs: Drumstick (Moringa oleifera) 2.16 2.04 2.85 3.25 3.64 2.15 16.09
SEm (%) 0.02 0.04 0.02 0.05 0.04 0.04 0.06
CD (P=0.05) 0.069 0.169 0.093 0.199 0.142 0.175 0.233
Planting geometry of top feeds (G)
Gu2mx1lm 2.71 2.42 3.39 3.70 4.66 2.55 19.43
G2:2mx0.5m 2.69 2.51 3.53 3.87 4.38 2.73 19.70
Gs: Paired system 1.80 1.62 2.27 2.63 2.87 1.67 12.87
SEm (%) 0.03 0.03 0.05 0.05 0.06 0.03 0.08
CD (P=0.05) 0.103 0.102 0.156 0.144 0.172 0.099 0.247




Table 24b. Interaction effect of top feeds and plan geometry o dry fodder yield of Bajra Napier hybrid during second year, t ha™

Treatments

Dry fodder yield

Harvest Harvest Harvest Harvest Harvest Harvest Total

| 1 1l v V VI

FXG

FiG; 2.88 2.31 3.27 3.35 4.58 2.53 18.93
F1G, 2.70 2.43 3.58 3.67 431 2.81 19.50
F1Gs 1.66 1.50 2.15 2.42 2.64 1.45 11.81
.Gy 2.79 2.61 3.57 4.12 5.12 2.74 20.94
F,G2 2.93 1.98 3.76 4.20 473 2.79 21.11
F,Gs 2.16 2.70 2.67 3.11 3.44 2.06 15.42
FsGy 2.45 2.36 3.34 3.64 4.27 2.37 18.42
FsGs 2.45 2.39 3.24 3.73 4.10 2.58 18.49
F+Gs 158 1.38 1.97 2.38 2.55 151 11.36
SEm (<) 0.03 0.07 0.04 0.09 0.06 0.08 0.10
CD (P=0.05) 0.185 NS NS NS NS 0.196 0.455

NS: Not Significant




4.1.4.7. Root weight and root volume of Bajra Napier hybrid

The result on effect top feeds and spacing on root weight and root volume
of Bajra Napier hybrid after two years are presented in Table 25.

Among the three top feeds, F. significantly the highest root fresh weight
(467.95 g per plant).Whereas both root dry weight and root volume did not vary
significantly with respect to different top feeds.

Regarding the subplot factor, growing top feeds at planting geometry of 2
m x 1 m (G1) had significantly higher root fresh weight (460.36 g per plant) and
root dry weight (61.87 g per plant) and it was on par with top feeds in paired system
(Gs). However, the root volume did not vary significantly.

The interaction effect of top feeds and planting geometry exhibited a
considerable variation with respect to root weight and root volume. The treatment
combination F>G: recorded the highest root fresh weight, dry weight and root
volume (540.41 g per plant, 67.97 g per plant and 695.40 cm® per plant

respectively).The values were on par with F1G2, F2G2and F3G.



Table 25. Effect of top feeds, planting geometry and F x G interaction on root
weight and root volume of Bajra Napier hybrid after two years

Root weight (g per plant) Rootgvolume

Treatmen m r

eatments V';g?;ﬁt Dry weight (Cp|ar?tr;e
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 427.90 55.20 525.88
Fo: Erythrina (Erythrina indica) 467.95 58.91 580.39
F3: Drumstick (Moringa oleifera) 428.14 53.97 521.66
SEm (1) 27.60 1.46 14.17
CD (P=0.05) 6.845 NS NS
Planting geometry (G)
Gu2mx1lm 460.36 61.87 560.68
G2:2mx05m 405.72 46.67 572.74
Gs: Paired system 457.91 59.54 494.50
SEm () 15.45 2.08 27.53
CD (P=0.05) 48.136 6.485 NS
Interaction effect
F1G; 410.29 52.51 503.73
F1G 493.05 70.38 619.37
F1Gs3 380.36 42.72 454,53
=Nl 540.41 67.97 695.40
=eh 477.06 62.08 604.17
F,Ga 386.36 46.75 441.61
F3G1 493.71 64.11 574.13
F3G, 340.27 47.25 403.47
F3Gs 450.43 50.56 587.37
SEm () 11.86 2.53 24.54
CD (P=0.05) 85.565 11.886 153.685




4.1.5 Pooled analysis

Pooled analysis of two years data of both green fodder yield and dry fodder
yield of top feeds are presented in Tables 26a, 26b and 26c.

The pooled data of top feeds revealed that among different cropping
systems, C; recorded significantly higher total green fodder yield (18.60 t ha*) and
dry fodder yield (4.76 t ha™*). Among different top feeds, agathi was significantly
superior with respect to green fodder yield (21.97 t ha') and dry fodder yield (5.57
t hal). Among planting geometry, Gs recorded higher green fodder yield of 16.62 t
ha! and dry fodder yield of 4.24 t ha® and both were on par with G,. The C X F
interaction significantly varied with total green fodder yield and dry fodder yield
and higher values were noticed in C2F1 (25.79 t hal yr! and 6.59 t ha™ respectively).
Moreover C2G; recorded highest green fodder yield (19.77 t ha yr?) and dry fodder
yield (5.04 t ha! yr1).The interaction between top feeds and planting geometry
significantly varied and higher value had noticed in F1G2 with respect to total green
fodder yield (24.41 t ha't yr!) and total dry fodder yield (6.14 t ha yr?). Moreover
C x F x G interaction significantly varied with yield and C.F1G> recorded
significantly higher green fodder yield (30.92 t ha™ yr) and dry fodder yield (7.83
thatyr?).

Pooled analysis of two year data of Bajra Napier hybrid are presented in
Table 27. Result of the study revealed that among top feeds both green fodder yield
and dry fodder yield were significantly more in F2 (73.12 t ha yrtand 18.63 t ha!
yr! respectively). However among planting geometry G, recorded higher value
with respect to total green fodder yield (75.66 t hayrt) and dry fodder yield (19.24
t hat yr1). Significant interaction between top feeds and planting geometry was
noticed with respect to total yield and higher value noticed in F2G, (80.20 t ha yr
Land 20.48 t ha yr respectively) and it was on par with F2G.



Table 26 a. Effect of cropping system, top feeds and planting geometry on green
fodder yield and dry fodder yield of top feeds (Pooled mean of 2 years), t hat yr?

Treatments fodder yield | focder yiel
Cropping system (C)
C1: Sole crop (Top feeds) 13.53 3.43
C2:Intercrop (Bajra Napier Hybrid) 18.60 4.76
SEm () 0.07 0.01
CD (P=0.05) 0.431 0.080
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 21.97 5.57
F2: Erythrina (Erythrina indica) 10.23 2.60
F3: Drumstick (Moringa oleifera) 15.99 4.11
SEm () 0.09 0.03
CD (P=0.05) 0.285 0.081
Planting geometry of top feed (G)
Gi:2mx1m 15.06 3.85
G2:2mx05m 16.52 4.19
G3: Paired system 16.62 4.24
SEm (%) 0.10 0.03
CD (P=0.05) 0.285 0.073




Table 26b. Effect of C x F, C x G and F x G interactions on green fodder yield
and dry fodder yield of top feeds (Pooled data of 2 years), t ha yr?

Total green Total dry

Treatments | ¢odder yield | fodder yield
Cik 18.15 4.56
CiF 10.94 2.75
CiFs 11.49 2.98
CaF1 25.79 6.59
CoF2 9.52 2.46
CoFs 20.49 5.24
SEm (%) 0.12 0.04
CD (P=0.05) 0.403 0.115
Ci1G1 12.89 3.28
Ci1G2 13.27 3.35
CiG3 14.42 3.66
CaGs 17.22 4.42
C2G2 19.77 5.04
CaGs 18.82 4.82
SEm (%) 0.14 0.04
CD (P=0.05) 0.404 0.103
F1G:1 19.52 4.93
F1G2 24.41 6.14
F1Gs 21.99 5.66
F2G1 9.95 2.54
F.G, 10.08 255
F2G3 10.64 2.71
FsG1 15.69 4.09
FsGo 15.05 3.89
F3Gs 17.23 4.36
SEm (£) 0.17 0.04
CD (P=0.05) 0.494 0.126




Table 26c¢. Interaction effect of cropping system, top feeds and planting geometry
on green fodder yield and dry fodder yield of top feeds (Pooled data of 2 years),
thatlyr?

Treatments %g?;rg;?;r& Total Sig Cll‘odder
CiF1G1 17.03 4.98
CiF1G2 17.89 444
C1FaGs 19.53 496
C1F2G 10.29 5 59
CiF2Go 11.04 575
CiFaGs 11.50 50l
CiFsG 11.36 2 06
CiFsGe 10.89 2 85
C1FsGs 12.22 313
CohiGy 22.02 5.57
CoF1G2 30.92 7.83
C2F1Gs 24.44 6.36
CoFaCr 9.62 250
CaFaG 9.16 2.35
C2F2Gs 9.77 2.52
CaFsGy 20.02 521
CaFsGe 19.22 4.94
C2FsGs 22.23 558
SEm () 0.24 0.06

CD (P=0.05) 0.699 0.178




Table 27: Effect of top feeds and planting geometry and F x G interaction on total
green fodder yield, dry fodder yield of Bajra Napier hybrid (Pooled mean of two

years), t hatyr?!

Total green Total dry

Treatments fodder yield | fodder yield
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 64.16 16.30
F2: Erythrina (Erythrina indica) 73.12 18.63
Fs: Drumstick (Moringa oleifera) 61.22 15.66
SEm (1) 0.27 0.03
CD (P=0.05) 1.071 0.120
Planting geometry of top feed (G)
G1:2m x 1m 73.85 18.89
G2:2m x 0.5m 75.66 19.24
Gs: Paired system 48.99 12.46
SEm (1) 0.16 0.07
CD (P=0.05) 0.513 0.218
FXG
F1G; 72.45 18.50
F1G, 75.87 19.17
F1Gs3 44.15 11.23
FoGq 79.83 20.34
F.Go 80.20 20.48
FoG3 59.34 15.07
F3G; 69.27 17.83
FsG, 70.91 18.07
F3Gs 43.48 11.09
SEm (1) 0.46 0.05
CD (P=0.05) 1.037 0.386




4.1.6 Physiological parameter
4.1.6.1 Chlorophyll content of top feeds

Tables 28a, 28b and 28c shows the effect of cropping system, top feeds and
spacing on total chlorophyll content of top feeds in first year and second year.

The results revealed that both cropping system and planting geometry did
not have significant effect on total chlorophyll content of top feeds, However
significant variation recorded with different top feeds. Among three different top
feeds, significantly higher total chlorophyll content was noticed in agathi in both
first year (2.19 mg g) and second year (2.17 mg g).

The interaction effect of cropping system with top feeds varied significantly
in both the years and higher value was noticed in CiF1 (2.32 and 2.20 mg g’
lrespectively). However in the second year the value was statistically on par with
C2F1 (2.14 mg g1).The interaction effect of cropping system with spacing (CG)
varied significantly in first year, however it was non-significant in second year. The
treatment combination C1G; recorded higher total chlorophyll content (1.65 mg g
1Y in first year and it was statistically on par with C1G1 (1.543 mg g) and C2G:
(1.62 mg g). Moreover, C,G; recorded the lowest chlorophyll content (1.47 mg g
1. The interaction effect of top feeds with planting geometry did not vary
significantly in both the years.

Significant interaction between cropping system, top feeds and planting
geometry was noticed with respect to total chlorophyll content with second year.
However it was not significant in the first year. The treatment combination, C1F.G>
recorded the highest total chlorophyll content in second year and it was comparable
with C1F1G1, C1F1G2, C1F1Gzand CaF1Ga.



Table 28a. Effect of cropping system, top feeds and planting geometry on total
chlorophyll content of top feeds, mg g*

Total chlorophyll content
Treatments
First year Second year
Cropping system (C)
C1: Sole crop (Top feeds) 1.56 1.50
Co:Intercrop (Bajra Napier Hybrid) 1.53 1.50
SEm (&) 0.01 0.03
CD (P=0.05) NS NS
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 2.19 2.17
F2: Erythrina (Erythrina indica) 1.99 1.89
Fs: Drumstick (Moringa oleifera) 0.44 0.43
SEm (&) 0.03 0.03
CD (P=0.05) 0.084 0.089
Planting geometry (G)
Gi:2mx1lm 1.58 1.47
G2:2mx0.5m 1.56 1.55
Gs: Paired system 1.49 1.47
SEm (%) 0.03 0.03
CD (P=0.05) NS NS

NS: Not Significant



Table 28b. Effect of C x F, C x G and F x G interactions on total chlorophyli
content of top feeds, mg g

Total chlorophyll content
Treatments -
First year Second year

CiF4 2.32 2.20
CiF» 1.88 1.97
CiFs 0.48 0.31
CoF; 2.07 2.14
CoF» 2.11 1.81
CoF3 0.41 0.54
SEm (%) 0.04 0.04
CD (P=0.05) 0.118 0.126
C1G 1.54 1.45
C:1G2 1.65 1.58
CiG3 1.49 1.45
CoG1 1.62 1.49
C.G2 1.47 1.52
C.G3 1.49 1.49
SEm (%) 0.04 0.04

CD (P=0.05) 0.114 NS
F1G1 2.27 2.21
F1G, 2.22 2.24
F1G3 2.09 2.07
FoG1 1.99 1.79
F.Go 2.03 1.93
FoG3 1.96 1.96
F3G1 0.48 0.42
FsG» 0.43 0.47
F3Gs 0.43 0.39
SEm (£) 0.05 0.05

CD (P=0.05) NS NS

NS: Not Significant



Table 28c. Effect of cropping system, top feeds and planting geometry on total
chlorophyll content of top feeds, mg g*

Total chlorophyll content
Treatments
First year Second year
C1F1G1 2.31 2.22
CiF1Go 2.40 2.20
C1F1Gs 2.25 2.18
C1F2Gy 1.76 1.80
C1F2G2 2.04 2.29
C1F2Gs 1.84 1.83
C1FsG1 0.56 0.33
C1F3G2 0.49 0.25
CiF3Gs 0.39 0.35
CoF1Gy 2.23 2.19
CoF1G2 2.04 2.27
C2F1Gs 1.93 1.96
CoF2Gy 2.23 1.77
CoF2Go 2.02 1.58
CaF2Gs 2.07 2.09
C2F3G1 0.40 0.50
CoF3G2 0.36 0.70
CoF3Gs3 0.46 0.43
SEm (%) 0.07 0.07
CD (P=0.05) NS 0.194

NS: Not Significant



4.1.6.2 Chlorophyll content of Bajra Napier hybrid

The total chlorophyll content of Bajra Napier hybrid as influenced by top

feeds and planting geometry is presented in Table 29.

Among three different top feeds, the highest total chlorophyll content
recorded when Bajra Napier hybrid was intercropped with agathi (1.11 mg g1) in
first year and it was on par with which intercropped with Erythrina. However the

total chlorophyll content was not significant in the second year.

Regarding planting geometry, no significant variation in total chlorophyll
content was observed in first year; however significant variation was noticed during
the second year. Top feeds at 2 m x 0.5 m geometry (G2) recorded significantly the

highest total chlorophyll content in the second year (1.06 mg g%)

Significant interaction between top feeds and planting geometry with respect to
total chlorophyll content was observed in second year, whereas it was non-
significant during the first year. The treatment combination F1G> showed highest

total chlorophyll content of 1.12 mg g* and it was on par with F1G3, F2Gs and F3Ga.



Table 29. Effect of top feeds, planting geometry and F x G interaction total
chlorophyll content of Bajra Napier hybrid, mg g™

Total chlorophyll content
Treatments

First year Second year
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 1.11 1.05
F2: Erythrina (Erythrina indica) 1.07 0.99
F3: Drumstick (Moringa oleifera) 0.92 0.97
SEm (%) 0.03 0.03
CD (P=0.05) 0.118 NS
Planting geometry (G)
Gu2mx1m 1.05 0.99
G2:2mx05m 1.08 1.06
Gs: Paired system 0.96 0.95
SEm (%) 0.03 0.02
CD (P=0.05) NS 0.067
Interaction (FxG)
F1G1 0.95 0.98
F1G, 0.88 1.12
F1Gs3 0.94 1.03
FGy 1.07 0.95
F.Go 1.14 0.91
F.Gs 0.99 1.11
e 1.13 1.04
F3Gs 1.22 0.92
F3Gs 0.96 0.95
SEm () 0.05 0.05
CD (P=0.05) NS 0.133

NS: Not Significant



4.1.7 Quality analysis of top feeds
4.1.7.1. Crude protein content

The data pertaining to the crude protein content as influenced by cropping
system, top feeds and spacing and their interaction are presented in Tables 30a, 30b
and 30c.

The results revealed that intercropping had significant influence on crude
protein content of top feed in first year (20.62%), however, it did not vary
significantly in the second year. Regarding different top feeds, crude protein content
differed significantly in first year andsecond year. In both the years, agathi had
higher crude protein content (24.62 % and 24.77 % respectively) and drumstick had
the lowest value (17.10 % and 17.82 % respectively). Similarly, crude protein
content of top feeds vary with their planting geometry. In first year higher crude
protein content was noticed in paired system of planting (20.69%) and it was
statistically on par with Gz (20.39%) whereas G had significantly higher crude
protein content in the second year (21.08%)

Interaction effect of cropping system and top feeds and cropping system and
planting geometry did not vary significantly in both first and second year, however
there was significant variation in crude protein content of top feeds in second year
with respect to the interaction between top feed and planting geometry. The
treatment combination F1Gz recorded significantly higher value of 25.61 per cent in
the second year.

Crude protein content recorded significant variation with respect to
interaction between cropping system, top feeds and planting geometry in the second
year. The treatment combination C1F1G2 recorded higher crude protein (25.72 %)

and it was comparable with CoF1G1and CoF1Go.



Table 30 a. Effect of cropping system, top feeds and planting geometry on crude
protein content of top feeds, per cent

Treatments Crude protein content
First year Second year

Cropping system (C)
C1: Sole crop (Top feeds) 19.79 20.46
C> :Intercrop(Bajra Napier Hybrid) 20.62 20.54
SEm (1) 0.13 0.07
CD (P=0.05) 0.807 NS
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 24.62 24.77
F2: Erythrina (Erythrina indica) 18.90 18.92
Fs: Drumstick (Moringa oleifera) 17.10 17.82
SEm (1) 0.15 0.13
CD (P=0.05) 0.479 0.436
Planting geometry (G)
Gu2mx1m 19.54 20.59
G2:2mx05m 20.39 21.08
Gs: Paired system 20.69 19.84
SEm () 0.17 0.14
CD (P=0.05) 0.483 0.417

NS: Not Significant



Table 30b. Effect of C x F, C x G and F x G interactions on crude protein content
of top feeds, per cent

Crude protein content
Treatments
First year Second year
CiFy 24.22 24.72
CiF> 18.20 18.63
CiF3 16.96 18.04
CoF1 25.03 24.82
= 19.60 19.21
CoFs 19.00 17.60
SEm (%) 0.21 0.19
CD (P=0.05) NS NS
C1G; 19.16 20.43
CiGy 20.08 20.94
CiG3 20.14 20.02
C2G1 19.93 20.75
C>G2 20.70 21.21
CyG3 21.24 19.67
SEm (%) 0.23 0.20
CD (P=0.05) NS NS
F1G1 23.82 24.81
F1G> 24.85 25.61
F1G3 25.20 23.90
FoG 18.48 18.62
FoGo 19.04 19.65
FoGs 19.19 18.49
F3G1 16.33 18.35
F3Go 17.29 17.98
F3G3 17.67 17.14
SEm (%) 0.29 0.25
CD (P=0.05) NS 0.723

NS: Not Significant



Table 30c. Interaction effect of cropping system, top feeds and planting geometry
on crude protein content of top feeds, per cent

Crude protein content
Treatments
First year Second year
C1F1Gy 23.27 24.37
C1F1G2 24.33 25.72
C1F1Gs 25.07 24.08
C1F2G1 17.71 18.49
C1F2Ge 18.89 18.52
C1F2G3 18.00 18.87
C1F3G1 16.50 18.43
C1FsGe 17.03 18.59
C1FsGs 17.34 17.10
C2F1G1 24.37 25.24
CoF1G2 25.38 25.50
CoF1G3 25.33 23.72
C2F2G1 19.25 18.75
CaF2Ge 19.19 20.77
CoF2G3 20.38 18.10
CoF3Gy 16.17 18.26
C2F3Ge 17.55 17.37
C2FsGs 18.00 17.18
SEm (%) 0.41 0.35
CD (P=0.05) NS 1.022

NS: Not Significant



4.1.7.2. Crude fibre content

The data on effect of cropping system, top feeds and spacing on crude fibre
content of top feeds in first and second year are furnished in Tables 31a, 31b and
31lc.

The results revealed that crude fibre content of top feed did not vary
significantly with cropping system in first year; however there was significant
variation in second year. Intercropping top feed with Bajra Napier hybrid had the
lowest crude fibre content in second year (14.47%). Crude fibre content of
different top feeds varied significantly in both years and agathi recorded
significantly the lowest crude fibre content in both years (8.24 and 8.81 per cent
respectively), whereas crude fibre content of Erythrina was significantly the highest
in both the years (18.44 and 18.66 per cent respectively). Regarding sub- sub plot
factor, cultivating top feeds at 2 m x 1m geometry (Gi1) had lower crude fibre
content in first year (14.20 %) and it was on par with G2 (2m x 0.5m). However
crude fibre did not vary significantly in second year with respect to planting
geometry.

The crude fibre content in response to interaction between cropping system
and spacing did not vary significantly in both years. However, crude fibre content
had significant influence on interaction between cropping system and spacing in
second year. Treatment combination C1Gs lower crude fibre content in second year.
Significant interaction between top feed and spacing was observed in crude fibre
content of top feeds only during first year and F1Gz recorded the lowest value.

Interaction between cropping system, top feeds and planting geometry did

not have any influence on crude fibre content of top feeds.



Table 31a. Effect of cropping system, top feeds and planting geometry on crude
fibre content of top feeds, per cent

Treatments Crude fibre content
First year Second year

Cropping system (C)
C1: Sole crop (Top feeds) 14.73 15.40
C> :Intercrop(Bajra Napier Hybrid) 14.40 14.47
SEm (%) 0.21 0.10
CD (P=0.05) NS 0.628
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 8.24 8.81
F2: Erythrina (Erythrina indica) 18.44 18.66
Fs: Drumstick (Moringa oleifera) 17.01 17.33
SEm (1) 0.17 0.20
CD (P=0.05) 0.558 0.662
Planting geometry (G)
Gu:2mx1lm 14.20 15.17
G2:2mx05m 14.59 15.01
Gs: Paired system 14.91 14.63
SEm () 0.18 0.20
CD (P=0.05) 0.517 NS

NS: Not Significant



Table 31b. Effect of C x F, C x G and F x G interactions on crude fibre content of
top feeds, per cent

Crude fibre content
Treatments - -
First year First year
CiFy 8.34 8.01
CiFs 18.74 18.57
CiFs 17.10 16.84
CoFy 8.15 9.61
C,F» 18.14 18.76
CoFs 16.91 17.83
SEm () 0.24 0.29
CD (P=0.05) NS NS
CiGy 14.20 15.23
CiG2 14.75 14.34
CiG3 15.23 13.85
C.G1 14.19 15.11
C.Gy 14.42 15.69
C>Gs3 14.58 15.40
SEm (%) 0.25 0.28
CD (P=0.05) NS 0.827
F1G1 8.43 8.61
F1G> 8.42 8.84
F1G3 7.87 8.99
FoG1 18.02 19.53
F.Go 18.28 18.49
FoGs 19.03 17.97
F3Gy 16.14 17.37
F3G) 17.06 17.71
F3G3 17.82 16.91
SEm (%) 0.31 0.35
CD (P=0.05) 0.895 NS




Table 31 c. Effect of cropping system, top feeds and planting geometry on crude
fibre content of top feeds, per cent

Crude fibre content
Treatments
First year Second year
CiF1G: 8.55 8.15
CiF1G2 8.27 8.24
C1F1G3 8.19 7.66
Ci1F2Gy 17.93 20.48
C1F2Go 18.34 17.59
Ci1F2G3 19.95 17.63
CiF3G: 16.12 17.06
C1F3G2 17.63 17.19
C1F3G3 17.56 16.26
C2F1Ga1 8.30 9.06
C2F1G2 8.57 9.43
CoF1G3 7.56 10.33
CoF2Gy 18.11 18.57
CoF2Go 18.21 19.39
CoF2Gs3 18.10 18.31
CoF3Gy 16.17 17.68
CoF3G2 16.48 18.23
CoF3G3 18.08 17.57
SEm () 0.43 0.49
CD (P=0.05) NS NS




4.1.8 Quality analysis of Bajra Napier hybrid
4.1.8.1. Crude protein content

The data pertaining to the crude protein content as influenced by top feeds
and spacing and are given in Table 32. The results revealed that the crude protein
content varied significantly with respect to top feeds and planting geometry in both
the years.

Regarding Bajra Napier hybrid as intercrop with top feeds, significantly
higher crude protein was noticed when Bajra Napier hybrid was intercropped with
agathi in both the years (9.33% and 9.74% respectively). However significantly
lowest content was in drum stick in first year (8.64%) and second year (8.49%).
With respect to planting geometry of top feeds, significantly higher chlorophyll
content was noticed by G: in both the years (9.29% and 9.18 per cent respectively
in first and second year).

Among the treatment combinations, no significant interaction between top
feeds and planting geometry with respect to crude protein content was observed in
both the years.
4.1.8.2 Crude fibre content

The data on effect of top feeds and spacing on crude fibre content in Bajra
Napier hybrid in first and second year are furnished in Table 33.

The results revealed that crude fibre content of Bajra Napier hybrid did not
vary significantly with different top feeds in second year, whereas significantly the
highest crude fibre content of 33.05 per cent was observed with drumstick during
first year

The planting geometry of top feeds did not have any significant effect on
crude fibre content of Bajra Napier hybrid in both the years.

Interaction between top feeds and planting geometry did not have any

influence on crude fibre content of Bajra Napier hybrid in both the years.



Table 32. Effect of top feeds, planting geometry and F x G interaction on crude
protein content of Bajra Napier hybrid, per cent

Crude protein
Treatments
First year Second year
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 9.33 9.74
F2: Erythrina (Erythrina indica) 9.03 8.55
F3: Drumstick (Moringa oleifera) 8.64 8.49
SEm (%) 0.06 0.04
CD (P=0.05) 0.243 0.169
Planting geometry (G)
Gu2mx1lm 8.92 8.86
G2:2mx0.5m 9.29 9.18
Gs: Paired system 8.79 8.73
SEm (%) 0.07 0.11
CD (P=0.05) 0.232 0.355
Interaction (FxG)
F1G1 9.19 9.71
F1G; 9.78 9.96
F1G3 9.01 9.56
F,G1 8.93 8.27
F.Go 9.17 8.98
F’Gs 9.00 8.21
F3G; 8.63 8.60
F3Go 8.93 8.61
F3Gs 8.36 8.44
SEm () 0.10 0.07
CD (P=0.05) NS NS

NS: Not Significant



Table 33. Effect of top feeds, planting geometry and F x G interaction on crude
fibre content of Bajra Napier hybrid, per cent

Crude fibre
Treatments
First year Second year
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 32.97 33.14
F2: Erythrina (Erythrina indica) 32.57 31.86
Fs: Drumstick (Moringa oleifera) 33.05 32.99
SEm (%) 0.09 0.51
CD (P=0.05) 0.361 NS
Planting geometry (G)
Gu:2mx1m 33.83 33.04
G2:2mx05m 32.58 32.68
Gs: Paired system 32.18 32.26
SEm (%) 0.51 0.54
CD (P=0.05) NS NS
Interaction (FxG)
F1G; 33.37 33.34
F1G; 31.90 32.89
F1G3 33.63 33.18
F,G 32.97 33.30
=Nl 32.17 30.79
F,Gs 32.57 31.49
F3G1 35.14 32.49
F3Gs 33.67 34.37
F3G3 30.35 32.12
SEm (%) 0.16 0.88
CD (P=0.05) NS NS

NS : Not Significant



4.1.9 Competitive indices
The data on competitive indices like Land Equivalent Ratio (LER),
Competition Ratio (CR), Aggressivity, Relative Crowding Coefficient (RCC), Area
Time Equivalent Ratio (ATER) and Monetary Advantage Index (MAI) as influenced
by top feeds and spacing in first year and second year are presented in Table 34. The
data are presented as combined mean of two years.
4.1.9.1 Land Equivalent Ratio (LER)

The data on mean LER value of two years revealed that among different
combinations, highest value of 2.37 was noticed by F1G: (intercropping Bajra
Napier hybrid with agathi in 2 m x 0.5 m geometry) followed by F3G: (2.35).
However the lowest LER value of 1.07 was noticed by drumstick intercropped
Bajra Napier hybrid in paired system of geometry (F3G3).
4.1.9.2 Competitive Ratio (CR)

The result revealed that among different treatment combinations, higher
competition ratio of 3.35 recorded by F1Gs (agathi in paired geometry) followed by
F3G1 (drumstick in 2 m x 1 m geometry). Intercropping Bajra Napier hybrid with
Erythrina in 2 m x 0.5 m (F2G2) recorded with lowest CR value of 1.32.
4.1.9.3 Aggressivity

The data on aggressivity of different treatment combinations revealed that top
feeds recorded positive value and Bajra Napier hybrid was negative. The positive
value implies that top feeds were aggressive or highly competitive than Bajra
Napier which is competitively inferior in nature.Among different treatment
combinations, the highest aggressivity of 1.19 was noticed in F3G1 (drumstick in 2
m x 1 m geometry) followed by agathi in 2 m x 0.5 m geometry (1.10). However
lowest aggressivity value of 0.20 was noticed by F2G2 (Erythrina with 2 m x 0.5 m
geometry).
4.1.9.4 Relative Crowding Coefficient (RCC)

The results revealed that the highest mean RCC value was noticed in F.G;
(24.34) followed by in F2G2 (7.64). Whereas the lowest value of -0.70 had observed
in F3Ga.



4.1.9.5 Area Time Equivalent Ratio (ATER)

Among the different treatment combinations, the highest mean ATER value of

2.37 was observed in FiG. followed by F3G: (2.35).Among the treatment

combinations, the lowest mean ATER value of 1.07 was recorded when drumstick

was intercropped with Bajra Napier hybrid in paired system (1.07).
4.1.9.6 Monetary advantage Index (MAI)
The results of the study revealed that the highest MAI of 158920 was noticed when

agathi was intercropped with Bajra Napier hybrid at 2 m x 0.5 m geometry (F1G>)

followed by FsG2 (125994). Among the treatment combinations, Erythrina in paired
system (F2Ggz) recorded lowest MAI of 42166.

Table 34. Effect of top feeds and planting geometry on Land Equivalent Ratio (LER),

Land Equivalent Coefficient (LEC),Competitive Ratio (CR), aggressivity, Relative
Crowding Coefficient (RCC), Area Time Equivalent Ratio (ATER) and Monetary

advantage Index (MAI) (Combined mean value of two years)

Aggressivity
Treatments | LER CR Bajra RCC ATER MAI

Napier

Top feed hybrid
C1F1Gy 1.89 2.20 +0.71 -0.71 -5.39 1.89 109364
CiFG2 2.37 2.73 +1.10 -1.14 -3.45 2.37 158920
C1F1G3 1.64 3.35 +0.88 -1.01 -3.52 1.64 12247
C1F2G1 1.59 1.45 +0.29 -0.31 24.34 1.59 73506
C1F2Go 1.47 1.32 +0.20 -0.17 7.64 1.47 62536
C1F2Gs 1.37 1.68 +0.35 -0.38 5.32 1.37 42166
C1F3G1 2.35 3.05 +1.19 -1.24 -2.71 2.35 125630
C1F3Go 1.16 141 +0.55 -1.25 -1.87 1.16 125994
C1F3Gs 1.07 2.35 +0.69 -1.53 -0.70 1.07 96326




4.1.10 Nutrient uptake of top feeds

The data with respect to nitrogen, phosphorus and potassium uptake of top
feeds during first year and second year of the study are presented in Tables 35a, 35b
and 35c¢
4.1.10.1 Nitrogen uptake

Intercropping had significant effect on nitrogen uptake of top feeds and
growing top feeds along with Bajra Napier hybrid (C2) had significantly higher
nitrogen uptake in both the years (50.66 kg ha™ in first year and 54.27 kgha in
second year). Considering three different top feeds, agathi recorded significantly
higher nitrogen uptake in both the years (73.94 kg ha? and 79.42 kg ha*
respectively) and Erythrina had the lowest nitrogen uptake in first (34.39 kg hal)
and second (37.18 kg ha™) years. Among three planting geometry, growing top
feeds under paired system of planting (Gz) had significantly higher N uptake in both
the years (53.06 kg haand 56.46 kg ha™ respectively).

Interaction between cropping system and top feeds significantly influenced
the nutrient uptake of top feeds in both the years treatment combination C2F; had
significantly higher nitrogen uptake in first year (77.58 kg ha) and in second year
(81.66 kg hal). However the interaction effect between cropping system and
planting geometry was not significant in first year. But significantly higher value
of 57.07 kg ha! was recorded by the treatment C2G in second year and it was on
par with C2Gz and C1G2.The results also revealed that the interaction between top
feeds and planting geometry had significant influence on the N uptake of top feeds
and F1G, was observed with higher value in both first (84.25 kg ha™*) and second
year (86.86 kg ha't).However the value was on par with F1Gs in the second year.

The nitrogen uptake of top feeds varied significantly with the interaction
between cropping system, top feed and planting. The study revealed that higher N
uptake was noticed in C,F1G; in first year (88.50 kg ha') and second year (92.26
kg ha') and it was on par with C2F1Gs in both the years.
4.1.10.2 Phosphorus uptake

Cropping system had no significant effect on phosphorus uptake of top feeds

in both the years. Whereas different top feeds had significant effect on P uptake of



top feeds and during both the years, agathi absorbed more phosphorus from the soil
(38.67 kg ha' and 42.57 kg hat). However in second year, agathi was on par with
drumstick with respect to P uptake. Regarding planting geometry, P uptake of top
feeds significantly varied in second year and paired system of planting had
significantly higher value (39.90 kg ha™).

Interaction between cropping system and top feeds had significant influence
on phosphorus uptake of top feeds during first year and significantly higher value
was noticed in CoF1 (42.88 kg ha).However, CoF3 recorded the highest P uptake
during second year (45.87 kg hal) and it was on par with C,F1 and C1F1. Interaction
between cropping system and top feeds and top feeds and planting geometry did
not have any significant effect on the phosphorus uptake of top feeds.

The interaction between cropping system, top feed and planting geometry
also did not have significant effect on the P uptake of top feeds.
4.1.10.3 Potassium uptake

The uptake of potassium by different top feeds varied significantly with
cropping system and significantly higher uptake was noticed in intercropping
system in both the years (93.30 kg ha™ and 106.17 kg ha™ respectively). Among
different top feeds, agathi recorded significantly higher values during both the years
(100.94 kg hat and 114.44 kg ha™* respectively).Regarding three planting geometry,
G2 recorded significantly higher K uptake in both the years (88.86 kg ha* and 98.67
kg ha* respectively)

Among different treatment combinations involving interaction between
cropping system and top feeds, higher K uptake was noticed in CzF1 in both the
years (115.59 kg ha® and 134.52 kg ha® respectively). Regarding the interaction
between cropping system and planting geometry, significantly higher K uptake was
noticed in C2G; during first year (102.04 kg ha) and second year (113.13 kg ha-
1. Likewise the interaction between top feeds and planting geometry had significant
influence on the K uptake of top feeds and the treatment combination F1G2 recorded
significantly higher value in both the years (122.08 kg ha'and 130.17
kg halrespectively)



The interaction between cropping system, top feed and planting geometry
had influence on K uptake of top feed and the treatment combination C2F1G; had
significantly higher value in first year (138.27 kg ha) and second year (145.65 kg
hal).

Table 35 a. Effect of cropping system, top feeds and planting geometry on
nitrogen phosphorus and potassium uptake of top feeds during first year and
second year. kg ha*

Treatments N uptake P uptake K uptake
1st 1st 2nd
year 2"d year year | year 1t year | 2" year
Cropping system (C)
C1: Sole crop 4451 49.62 | 28.87 33.95 71.66 79.60
C2:Intercrop 50.66 54.27 | 30.68 37.46 93.30 106.17
SEm (%) 0.13 0.26 2.38 3.03 1.55 241
CD (P=0.05) 0.781 1.603 NS NS 9.558 14.862
Top feeds (F)
F1: Agathi 73.94 79.42 | 38.67 42.57 100.94 114.44
F2: Erythrina 34.39 37.18 | 20.21 24.97 55.53 63.09
Fs: Drumstick 34.42 39.24 | 30.44 39.58 90.97 101.13
SEm (%) 0.71 0.80 1.39 181 1.47 0.99
CD (P=0.05) 2.325 2.596 | 4.519 5.883 4,797 3.214
Planting geometry of top feed (G)
Gi:Z2mx1lm 42.46 46.37 | 28.18 32.19 83.60 92.70
G2:2mx05m | 53.06 | 56.46 | 29.85 | 39.90 88.86 98.67
s(?yasitel:r:?"ed 47.22 | 5300 | 31.30 | 3502 | 7498 | 87.29
SEm () 0.74 097 | 120 | 0.93 1.43 1.66
CD (P=0.05) 2.146 2.822 NS 2.710 4.179 4.855




Table 35b. Interaction Effect of cropping system, top feeds and planting geometry
on nitrogen phosphorus and potassium uptake of top feeds during first year and
second year, kg ha*

N uptake P uptake K uptake
Treatments 1st
year 2"d year | 15t year | 2" year | 1%t year | 2"9year
CiF1 70.30 77.17 34.46 40.23 86.30 94.36
CiF2 37.76 41.60 23.16 28.32 59.08 66.19
CiFs3 25.46 30.08 28.99 33.30 69.60 78.25
CaoF1 77.58 81.66 42.88 44.90 115.59 134.52
CaF 31.02 32.75 17.27 21.62 51.98 59.98
CaFs 43.37 48.39 31.89 45.87 112.34 124.00
SEm () 1.01 1.13 1.96 2.55 2.08 1.40
CD (P=0.05) | 3.288 3.671 6.391 8.320 6.784 4.545
C1G1 38.40 42.00 27.58 30.07 77.40 84.10
Ci1G2 45.39 55.86 29.14 33.65 75.68 84.20
Ci1Gs 49.73 51.00 29.88 38.13 61.90 70.49
C2G1 46.52 50.74 28.77 34.32 89.80 101.29
C2G2 49.06 57.07 30.55 36.40 102.04 113.13
C2Gs 56.39 55.00 32.72 41.66 88.07 104.08
SEm () 1.04 1.37 1.69 1.31 2.02 2.35
CD (P=0.05) NS 3.991 NS NS 5.911 6.866
F1G1 60.79 67.13 34.35 38.46 104.50 115.83
Fi1G2 84.25 86.86 40.39 43.71 122.08 130.17
F1Gs 76.78 84.26 41.29 45.53 76.24 97.31
F2G1 33.10 33.67 21.08 24.01 50.06 57.25
F2G2 32.47 35.95 17.90 21.33 60.16 67.97
F2Gs 37.59 41.91 21.66 29.56 56.38 64.05
F3G1 33.48 38.31 29.10 34.11 96.24 105.01
F3G2 32.42 38.78 31.25 40.04 84.34 97.87
F3Gs 37.35 40.62 30.96 44.61 92.32 100.50
SEm () 1.27 1.67 2.07 1.61 2.48 2.88
CD (P=0.05) | 3.716 | 4.888 NS NS 7.239 8.409

NS: Not Significant



Table 35c. Interaction Effect of cropping system, top feeds and planting
geometry on nitrogen phosphorus and potassium uptake of top feeds during
first year and second year, kg hat

N uptake P uptake K uptake
Treatments 15t 1st ond 1st
year 2" year year year year 27 year
CiF1G1 62.77 67.38 33.30 37.44 91.75 100.07
CiF1G2 68.14 76.26 35.52 38.56 | 105.90 | 114.68
CiF1G3 80.00 85.27 34.57 44.70 61.25 68.32
CiF2Gy1 28.26 31.11 24.89 25.49 53.75 60.07
CiFG2 41.96 44.79 22.01 26.59 63.95 69.08
CiF2G3 43.06 48.91 22.57 32.88 59.53 69.43
CiF3Gy 24.18 27.51 24.56 27.29 86.70 92.17
CiF3G2 26.06 31.93 29.91 35.79 57.18 68.85
C1F3G3 26.14 30.80 32.49 36.83 64.92 73.74
CoF1Gy 58.82 66.88 35.39 39.48 | 117.26 | 131.59
CoF1G2 88.50 92.26 45.26 48.86 | 138.27 | 145.66
CoF1G3 85.41 87.87 48.00 46.36 91.24 126.31
CaF2Gy 37.94 36.23 17.28 22.54 46.36 54.44
CoF2G2 22.98 27.11 13.80 16.06 56.37 66.85
C2oF2G3 32.12 34.91 20.74 26.24 53.22 58.67
C2F3G1 42.79 49.12 33.65 40.93 | 105.78 | 117.85
C2F3G2 38.78 45.63 32.60 4428 | 11150 | 126.89
C2oF3Gs 48.55 50.43 29.43 52.40 | 119.73 | 127.25
SEm (1) 1.80 2.37 2.93 2.27 3.51 4.07
CD (P=0.05) | 5.256 6.913 NS NS 10.238 | 11.892

NS: Not Significant




4.1.11. Nutrient uptake of Bajra Napier hybrid

The data on nitrogen, phosphorus and potassium uptake of Bajra Napier hybrid
are presented in Table 36.
4.1.11.1. Nitrogen uptake

The result revealed that different top feeds had no significant effect on nitrogen
uptake of Bajra Napier hybrid. Considering planting geometry of top feeds, G:
recorded the highest nitrogen uptake value in both the years (192.87 kg ha* and
200.96 kg ha™* respectively) and the value was on par with G1.The F x G interaction
effect on nitrogen uptake of Bajra Napier hybrid was found to be non-significant.
4.1.11.2. Phosphorus uptake

Considering three different top feeds, phosphorus uptake value of Bajra
Napier hybrid was significantly differed only in second year and higher value of
42.14 kg ha was noticed in the Bajra Napier hybrid grown along with Erythrina
(F2). Among three planting geometry, the highest phosphorus uptake was in G
during first year (39.25 kg hal) and it was on par with G,. However, during the
second year G2 had higher phosphorus uptake (41.08 kg ha*) and it was on par with
G1.

The interaction between top feeds and planting geometry showed variation with
respect to phosphorus uptake in both the years. F2G1 recorded the highest values in
both the years (45.07 kg ha*and 47.75 kg ha* respectively).In both the years, F2G1
was comparable with F1G2 and F2Go»,
4.1.11.3. Potassium uptake

Among three different main plot treatments, agathi had the highest potassium
uptake during both the years (224.48 kg haand 244.34 kg ha* respectively) and in
the second year it was on par with Erythrina. Regarding the sub plot treatment, G
had higher potassium uptake during first year (222.44 kg ha) and it was on par
with G1.However, G; recorded with the highest potassium uptake (246.95 kg hal)
in second year and it was on par with Ga.

The interaction between top feeds and planting geometry were significantly
varied in first year and significantly higher K uptake was noticed in F1G1 (262.73

kg hal). However the interaction was non -significant during second year.



Table 36. Effect of top feeds and planting geometry on nitrogen phosphorus and

potassium uptake of Bajra Napier hybrid during first year and second year,

kg ha'
N uptake P uptake K uptake

Treatments 1t year | 2" year | 1%t year |2"year | 1%t year | 2"dyear
F1: Agathi 166.21 169.79 32.74 35.40 224 .48 244 .34
Fo: Erythrina 182.24 190.20 37.88 42.14 196.35 237.73
Fs: Drumstick 159.36 169.44 31.65 31.85 203.34 230.55
SEm () 4.72 491 1.50 0.61 1.68 2.07
CD (P=0.05) NS NS NS 2.467 6.769 8.350
Planting geometry of top feed (G)

Gu:2mx1lm 186.14 194.50 39.25 40.18 215.40 246.95
ﬁz: 2mx05 | 19288 | 20096 | 3921 | 4108 | 20244 | 243.25
g:tefﬁ'“*d 12880 | 13396 | 2380 | 2814 | 186.34 | 22241
SEm () 2.33 2.80 1.35 1.50 3.36 5.68
CD (P=0.05) 7.249 8.719 4.193 4.660 10.459 17.7
Interaction
F1G; 185.69 187.29 33.20 34.75 262.73 251.45
F1G, 189.90 196.40 42.99 44.46 235.10 253.59
F1G3 123.04 125.68 22.01 26.98 175.63 227.96
F.G; 198.98 207.10 45.07 47.76 167.51 249.61
F.G» 207.55 216.67 38.15 40.09 208.30 231.86
F.Gs 140.18 146.82 30.40 38.59 213.25 231.72
FsGy 173.74 | 189.11 | 39.48 38.04 | 21596 | 239.79
=N e 181.18 189.82 36.48 38.69 223.91 244.31
F3G3 123.17 129.39 18.99 18.84 170.16 207.55
SEm (1) 8.18 8.51 2.60 1.06 2.91 3.59
CD (P=0.05) NS NS 8.084 8.255 18.708 NS




4.1.10 Carbon sequestration potential of the system

Tables 37a, 37b and 37c represent the effect of cropping system, top feeds
and planting geometry on carbon sequestration potential of the system in first year
and second year.

The results revealed that growing top feeds along with Bajra Napier hybrid
(C>) had significantly higher level of carbon sequestration than growing top feed as
a sole crop (Ci) in both the years (24.57 t ha® and 25.59 t ha! respectively).
Considering different top feeds, agathi recorded significantly higher carbon
sequestration potential in both the years (18.15 t hatand 18.91 t ha* respectively).
Erythrina sequestered significantly the lowest level of carbon in first year (17.24 t
hat) and in second year (17.37 t hat yrY). Among three planting geometry, G2 had
significantly higher carbon sequestration in first year (18.13 t ha* yr!) and second
year (18.87 t ha™).

The interaction between cropping system and top feeds significantly varied
with respect to carbon sequestration potential of the system and higher value was
noticed by CF1 in both the years (26.15 t ha' and 26.22 t ha® respectively).
However considering the interaction between cropping system and planting
geometry, C2G> had significantly higher carbon sequestration potential in both the
years (26.87 t hatand 26.74 t ha™ respectively). The interaction between top feeds
and planting geometry varied significantly with respect to the carbon sequestration
potential in both the years and significantly higher value was noticed in F1G2(19.14t
ha! and 19.08 t ha® respectively in first year and second year).

Significant interaction between cropping system, top feeds and planting
geometry was noticed in carbon sequestration potential of the system in both the
years. C2F1G2 recorded significantly higher level of carbon sequestration in first
year (28.09 t ha*) and second year (28.13 t hal).



Table 37a: Effect of cropping system, top feeds and planting geometry on carbon
sequestration potential of the system, t ha

Treatments Carbon sequestration potential
First year Second year

Cropping system (C)
C1: Sole crop (Top feeds) 9.55 9.72
Co:Intercrop(Bajra Napier Hybrid) 24.57 25.59
SEm (1) 0.02 0.02
CD (P=0.05) 0.074 0.135
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 18.15 18.91
F2: Erythrina (Erythrina indica) 17.24 17.37
Fs: Drumstick (Moringa oleifera) 17.29 17.38
SEm (%) 0.02 0.03
CD (P=0.05) 0.070 0.085
Planting geometry (G)
Gu:2mx1lm 17.88 18.04
G2:2mx05m 18.13 18.87
G3: Paired system 16.67 16.64
SEm () 0.03 0.03
CD (P=0.05) 0.074 0.092




Table 37b. Effect of C x F, C x G and F x G interactions on on carbon
sequestration potential of the system, t ha

Carbon sequestration potential
Treatments -
First year Second year
CiF; 10.27 10.08
CiF» 9.38 9.24
CiF3 9.51 9.33
CoFy 26.15 26.22
CoF» 25.35 25.23
CoF3 25.26 25.24
SEm (%) 0.030 0.04
CD (P=0.05) 0.098 0.120
C1G1 9.63 9.51
Ci1G> 9.68 9.51
CiGs 9.85 9.63
CaGs 26.46 26.24
C.Go 26.87 26.74
C.G3 23.44 23.71
SEm (1) 0.036 0.044
CD (P=0.05) 0.105 0.129
F1G1 18.46 18.30
F1G2 19.14 19.08
F1Gs 17.04 17.07
F2G1 17.76 17.58
F2G2 17.80 17.62
F2Gs 16.54 16.52
F3G1 17.91 17.75
F3G2 17.88 17.68
F3Gs 16.36 16.43
SEm (%) 0.044 0.054
CD (P=0.05) 0.129 0.158




Table 37c: Interaction effect of cropping system, top feeds and planting geometry
on carbon sequestration potential of the system, t hat

Carbon sequestration potential
Treatments - -
First year First year
CiF1Gy 10.13 9.97
CiF1G2 10.19 10.03
CiF1Gs 10.49 10.23
C1F2Gy 9.30 9.20
C1F2G2 9.36 9.27
Ci1F2G3 9.49 9.27
C1F3Gs 9.46 9.37
CiF3G2 9.48 9.23
C1F3G3 9.59 9.40
CoF1G1 26.79 26.63
CoF1G2 28.09 28.13
CoF1G3 23.59 23.90
CoF2G1 26.23 25.97
CoF2Go 26.24 25.97
CoF2Gs3 23.58 23.77
CoF3Gy 26.36 26.13
C2oF3G2 26.28 26.13
CoF3Gs 23.13 23.47
SEm () 0.062 0.077
CD (P=0.05) 0.182 0.224




4.1.12. Nutrient status of the soil after the experiment

Tables 38a, 38b, 38c, 39a, 39b and 39c shows the data on pH, EC organic
carbon, available nitrogen, phosphorus potassium, and EC content of soil after the
experiment.
4.1.12.1 Organic Carbon

The results revealed that the organic carbon content of the soil after the
experiment was not significantly influenced by cropping system and planting
geometry of top feeds. Among three different top feeds, highest organic carbon
content was noticed in agathi (1.26%) and it was on par with Erythrina (1.23%).

Considering the interaction between cropping system and top feeds, CaF:
recorded significantly higher organic carbon content of 1.30 per cent after the
experiment and it was on par with CzoFs and CzF2. Whereas interaction between
cropping system and planting geometry and top feed and planting geometry were
found to be not significant with respect to organic carbon content.

Regarding the interaction between cropping system, top feeds and planting
geometry, higher organic carbon was noticed in C2F1G2 (1.43%) and it was on par
with C1F2G1, C1F3G2 |, C1F3Ga, CiFsGs CiF1Go, CoF2Gs, CoFsGr CoF3Ga.
4.1.12.2 Soil pH

The results revealed that treatments involving cropping system, feeds and
planting geometry had no significant effect on pH of the soil after the experiment.
Similarly Interaction was also non-significant with respect to pH status of the soil.
4.1.12.3 Electrical conductivity

The results of the experiment revealed that treatments like cropping system, top
feeds and planting geometry had no significant influence on the electrical
conductivity of the soil after the experiment. Similarly the interactions were also

not significant



Table 38a: Effect of cropping system, top feeds and planting geometry on organic

carbon content, pH and EC of soil after the experiment

Treatments C;L%?]nég/o ) pH ( dgcr:n'l)
Cropping system (C)
C1: Sole crop (Top feeds) 1.18 5.45 0.85
Co:Intercrop(Bajra Napier Hybrid) 1.19 5.44 0.85
SEm (%) 0.01 0.00 0.00
CD (P=0.05) NS NS NS
Top feeds (F)
F1: Agathi (Sesbania grandiflora) 1.26 5.44 0.85
F2: Erythrina (Erythrina indica) 1.23 5.45 0.86
F3: Drumstick (Moringa oleifera) 1.06 5.44 0.85
SEm (%) 0.02 0.01 0.00
CD (P=0.05) 0.060 NS NS
Planting geometry of top feeds (G)
Gu2mx1m 1.19 5.45 0.85
G2:2mx0.5m 1.24 5.45 0.85
Gs: Paired system 1.13 5.43 0.85
SEm () 0.03 0.01 0.00
CD (P=0.05) NS NS NS

NS: Not Significant



Table 38b. Effect of C x F, C x G and F x G interactions on organic carbon, pH
and EC of soil after the experiment

Organic Carbon

Treatments content pH EC (dSm?)
CiF; 1.01 5.44 0.85
CiF, 1.10 5.44 0.86
CiFs 1.16 5.45 0.85
CoF4 1.30 5.44 0.86
CoF» 1.23 5.45 0.85
CoF3 1.30 5.44 0.85

SEm (%) 0.03 0.01 0.00

CD (P=0.05) 0.085 NS NS
C1G1 1.22 5.44 0.86
CiG2 1.21 5.44 0.85
C1G3 1.12 5.44 0.86
C.G1 1.15 5.44 0.85
CoG2 1.27 5.44 0.86
CoGs 1.13 5.44 0.85

SEm (%) 0.048 0.008 0.004

CD (P=0.05) NS NS NS
F1G1 1.08 5.45 0.85
F1G2 1.13 5.45 0.85
F1G3 0.97 5.42 0.86
F2G1 1.17 5.45 0.86
F2G2 1.25 5.46 0.86
F2Gs 1.27 5.44 0.86
F3G1 1.31 5.45 0.85
F3G2 1.34 5.44 0.86
F3Gs 1.14 5.45 0.85

SEm () 0.059 0.006 0.005

CD (P=0.05) NS NS NS

NS: Not Significant




Table 38 c: Interaction effect of cropping system, top feeds and planting geometry

on on organic carbon, pH and EC of soil after the experiment

Organic Carbon

Treatments content per cent pH EC (dS m?)
C1F1G1 1.18 5.45 0.86
CiF1G2 0.89 5.45 0.84
C1F1Gs 0.96 5.43 0.86
C1F2Gs 1.29 5.44 0.86
C1F2G2 1.36 5.46 0.85
C1F2Gs 1.19 5.44 0.86
C1F3G1 1.19 5.45 0.85
CiFsGe 1.29 5.46 0.87
C1FsGs 1.22 5.44 0.85
CoF1G1 0.98 5.46 0.85
CoF1G2 1.43 5.45 0.86
C2F1Gs 0.98 5.40 0.86
C2F2Gs 1.05 5.46 0.85
CoF2Go 1.07 5.46 0.86
CoF2Gs 1.35 5.45 0.85
C2FsGs 1.43 5.44 0.85
C2F3Ge 1.38 5.42 0.85
CoF3G3 1.07 5.46 0.85
SEm (%) 0.08 0.02 0.01

CD (P=0.05) 0.243 NS NS

NS: Not Significant




4.1.12.4 Available nitrogen

The treatments involving cropping system, top feed and planting geometry
had no significant effect on available nitrogen status of the soil after the experiment.
Likewise, Cx F, Cx G, F x G and C x F x G interaction were also not significant.
4.1.12.5 Available phosphorus

Cropping system had significant influence on the available phosphorus
content of the soil after the experiment. Sole cropping recorded higher available P
in the soil after the experiment (38.27 kg ha'*).Among different top feeds, Erythrina
had noticed with higher phosphorus content in soil (36.52 kg ha™) after the
experiment. However P content in soil after experiment was not significant with
respect to planting geometry.

Interaction between cropping system and top feed failed to exhibit significant
effect with respect to available phosphorus content in soil after the experiment.
Similarly available P content in soil was not significant with respect to interaction
between cropping system and planting geometry and top feeds and planting
geometry.

Available P content in soil after experiment did not vary significantly with
respect to the interaction between cropping system, top feeds and planting
geometry.
4.1.12.5 Available Potassium

The result of the experiment revealed that available potassium content of
the soil after the experiment significantly varied with different cropping systems
and sole cropping had significantly higher potassium content of 155.29 kg ha-tafter
the experiment. Similarly, top feeds also had significant effect on K content of the
soil and significantly higher value was noticed by Erythrina (155.13 kg ha
Y. However regarding the planting geometry of top feeds, it was found to be not
significant with respect to the available K content in soil.

The results also revealed that the interaction between cropping system and top
feeds had no significant effect on the available potassium content in soil. But there
was significant effect for the interaction between cropping system and planting

geometry and the highest available potassium in soil was observed in C1G, (160.19



kg ha) and it was on par with C1Gs. Likewise there was variation in available
potassium content in soil with respect to top feeds and planting geometry. The
treatment F2Gs showed higher potassium content of (167.93 kg ha) and it was on
par with F3Gz and F2G:.

The interaction between cropping system, top feeds and planting geometry
was found to be non-significant with respect to the available potassium content in
the soil after the experiment.

Table 39a. Effect of cropping system, top feeds and planting geometry on
nitrogen, phosphorus and potassium status of soil after the experiment, kg ha

Treatments N P K
Main crop: Cropping system (C)
C1: Sole crop (Top feeds) 249.02 38.27 155.29
ﬁ;gﬂfje)rcmp(Baj ra Napier 248.56 35.37 125.34
SEm (&) 5.84 0.89 3.39
CD (P=0.05) NS 2.592 20.912
Sub plot: Top feeds (F)
F1: Agathi (Sesbania grandiflora) 248.09 32.54 122.41
F2: Erythrina (Erythrina indica) 256.46 36.52 155.13
Fs: Drumstick (Moringa oleifera) 241.82 28.00 143.40
SEm (%) 5.29 0.51 2.75
CD (P=0.05) NS 1.652 8.963
Sub sub plot: Planting geometry (G)
Gi:2mx1m 253.67 37.36 136.45
G2:2mx0.5m 248.09 30.99 137.11
Gs: Paired system 24461 37.10 147.38
SEm (%) 5.07 0.89 3.83
CD (P=0.05) NS NS NS




Table 39b. Interaction effect of cropping system, top feeds and planting geometry
on nitrogen, phosphorus and potassium status of soil after the experiment, kg ha*

Treatments N P K
Cropping system (C)
CiFy 246.70 35.02 134.66
CiF» 257.85 43.06 167.21
CiF3 242.52 36.74 164.00
CoF1 249.49 32.01 110.15
CoF 255.06 36.84 143.05
C,F3 241.12 3.26 122.81
SEm (2) 7.48 0.72 3.89
CD (P=0.05) NS NS NS
C1Gy 262.03 36.51 149.72
C1G> 245.31 35.03 160.20
C1G3 239.73 38.28 155.95
C,G1 245.31 33.22 123.18
C,G, 250.88 31.96 114.02
C,Gs 249.49 30.93 138.81
SEm () 7.18 1.26 5.41
CD (P=0.05) NS NS 15.805
F1G: 259.24 31.36 117.09
F.G, 246.70 29.67 105.12
F1G3 238.34 32.50 145.01
[=Ne]] 252.97 36.67 150.83
F.Go 263.42 30.50 146.64
F,Gs 252.97 29.67 167.93
F3G; 248.79 30.06 141.43
F3Go 234.16 31.80 159.57
F3Gs 242.52 33.14 129.21
SEm (1) 8.79 0.54 6.63
CD (P=0.05) NS NS 19.355

NS: Not Significant



Table 39c. Interaction effect of cropping system, top feeds and planting geometry
on nitrogen phosphorus and potassium status of soil after the experiment, kg ha-1

Treatments N P K
Cropping system (C)
C1F1Gy 263.42 36.97 124.94
CiF1G2 242.52 32.08 124.38
Ci1F1G3 234.16 36.00 154.67
C1F2Gy 263.42 28.50 167.03
CiF2G2 259.24 23.33 163.02
C1F2G3 250.88 25.33 171.58
C1F3Gy 259.24 32.05 157.19
C1F3G2 234.16 36.67 193.20
C1F3G3 234.16 38.50 141.61
CoF1G1 255.06 35.75 109.24
CoF1G2 250.88 34.27 85.87
CoF1Gs 242.52 31.00 135.35
CoF2Gy 242.52 32.84 134.62
CoF2G2 267.61 27.67 130.26
CoF2Gs 255.06 34.00 164.27
C2F3Gy 238.34 30.07 125.66
CoF3G2 234.16 33.93 125.94
CoF3Gs 250.88 34.79 116.82
SEm (&) 12.43 2.18 9.38
CD (P=0.05) NS NS NS

NS: Not Significant



4.1.13 Economics

Table 40 indicates the effect of cropping system, top feeds and planting
geometry on economics of the system.

The results of the study revealed that the treatment combination C,F1G> had
higher net returns (2180070 ha™*) and B:C ratio (2.89) followed by C,F1G: recorded
net returns of 2147613 ha* and B:C ratio of 2.73. Among the different treatment
combinations, lowest net returns (35683 ha') and B: C ratio (1.16) was registered
by C1F2G1.

Table 40. Effect of cropping system, top feeds and planting geometry on on
economics of the system

Treatments Gross return Net income B:C ratio
(X hal) ® hal)
CiF1Gy 68050 26556 1.64
CiF1G2 71448 31533 1.79
CiFiGs 78138 39646 2.03
CiF2Gy 41202 5683 1.16
Ci1F2G2 44174 7966 1.22
Ci1F2Gs 46106 19760 1.75
CiFsG1 45454 8798 1.24
CiFsGa 43514 6323 1.17
CiF3Gs 48960 19287 1.65
CoF1Gy 232938 147613 2.73
CoF1G2 275345 180070 2.89
CoF1Gs 186022 97860 2.11
CoF2G1 198094 119485 2.52
CoF2Gy 197022 112099 2.32
CoF2Gs 157690 87606 2.25
C2F3G1 218690 122773 2.28
C2F3Gz 218637 132897 2.55
C2F3Gs 175935 91351 2.08




4.2 EXPERIMENT II: QUALITY ASSESSMENT OF PREDOMINANT
FODDER TREES AND SHRUBS OF SOUTHERN KERALA FOR FEED
QUALITY

4.2.1 Proximate analysis of tree fodder

The suitability of indigenous tree leaves as fodder is mainly decided by the
proximate composition values and fibre fraction analysis. The proximate
composition like dry matter content, crude protein, crude fibre, ether extract, total
ash and nitrogen free extracts of tree fodder leaves were analysed and the results
are furnished in Table 41a and 41b.

4.2.1.1 Dry matter content

The actual amount of feed material leaving water and volatile acid is
referred to as dry matter (DM). The investigation on various tree fodders for DM
content revealed that, Cocos nucifera recorded higher dry matter content of 66.14
per cent, followed by Manihot esculenta (48.50 %) and Mangifera indica (40.12
%). However, Gliricidia maculata had the lowest dry matter content of 22.50 per

cent.
4.2.1.2 Crude protein content

The crude protein (CP) content of fodder tree leaves varied from 11.91 to
25.24 per cent. The highest crude protein content was noticed in Sesbania
grandiflora (25.24 %) followed by Leucaena leucocephala (24.42 %). However

Musa acuminata recorded the lowest value of 11.91 per cent.
4.2.1.3 Crude fibre content

Crude fibre content in the sample varied from 8.43 to 30 per cent. Among
different tree fodders, Sesbania grandiflora recorded the lowest crude fibre content
of 8.43 per cent followed by, Ailanthus triphysa (10.15 %).However, the highest
value was observed in Cocos nucifera (30 %) followed by Musa acuminata
(23.78%) and Mangifera indica (22.1 %).



4.2.1.4 Ether extract (Crude fat)

Among the ten different tree fodders, highest ether extract (crude fat)
content was observed in Moringa oleifera (7.39 %) followed by Manihot esculenta
(6.79 %) and Gliricidia maculata (5.44 %).Whereas Ailanthus triphysa (2.83 %)
and Cocos nucifera (2.98 %) recorded the lower crude fat content.

4.2.1.5 Total ash

The result of the analysis revealed that the total ash content of the selected
fodder leaf samples varied from 5.27 to 12.78 per cent. The highest ash content was
observed in Moringa oleifera (12.78%) followed by Mangifera indica (10.38 %)
and Manihot esculenta (9.23 %).The investigation also revealed that the lowest total

ash content was in Ailanthus triphysa (5.27 %) and Cocos nucifera (10.15 %).
4.2.1.6 Nitrogen free extract (NFE)

The present study reported that the highest NFE content was noted in
Ailanthus triphysa (64.72 %) followed by Mangifera indica (54.69 %), whereas
the lowest NFE content was observed in Moringa oleifera (36.36%) and Erythrina
indica (37.61 %).

4.2.1.6 Acid detergent fibre (ADF)

Among ten different top feeds, lowest ADF content of 11.10 and 16.97 per
cent were noticed in Sesbania grandiflora and Ailanthus triphysa respectively.
However Cocos nucifera had higher acid detergent fibre (ADF) content of 48.69
per cent, followed by Gliricidia maculata (38.64 %) and Musa acuminata (37.72
%).

4.2.1.7 Neutral detergent fibre (NDF)

The present investigation revealed that the neutral detergent fibre (NDF)
value of fodder tree leaves varied from 17.34 to 65.32 per cent. The NDF contents
in Musa acuminata (65.32%) and Cocos nucifera (63.09 %) were comparatively

higher (65.32 and 63.09 per cent respectively) than the rest of the top feeds.



However the lowest values were noted in Ailanthus triphysa (17.34 %) and
Sesbania grandiflora (17.54).

Table 41a. Proximate composition locally available tree leaves and shrubs
commonly fed to livestock (% on DM basis)*

EE Total
Tree fodder DM CP | (Crude CF NFE
Ash
fat)
Ti: Agathi
(Sesbania 38.24 | 25.24 4.47 8.43 9.20 45.19

grandiflora)

To: Erythrina

(Erythrina indica) 3253 | 22.74 4.27 21.87 8.51 37.61

Ts:Drumstick

: . 27.8 18.94 7.39 15.2 12.78 36.36
(Moringa oleifera)

Ta:Coconut

. 66.14 | 13.71 2.98 30.0 6.59 46.72
(Cocos nucifera)

Ts:Glyricidia

(Glyricidia maculata) | 22 | 1608 | 544 | 1952 | 834 | 46.62

Te:Matti

( Ailanthus triphysa ) 32.6 17.03 2.83 10.15 5.27 64.72

T7:Subabul
(Leucaena 36.5 24.42 3.39 19.89 7.23 41.15
leucocephala)

Ts:Cassava

(Manihot esculenta) 48.5 19.74 6.79 14.66 9.23 39.58

Tg:Banana

. 25.8 1191 | 5.73 23.78 9.65 46.93
(Musa acuminata)

Ti0:Mango
40.12 | 12.21 3.51 22.1 10.38 54.69

(Mangifera indica)

DM: Dry matter, CP: Crude Protein, EE : Ether extracts, NFE: Nitrogen free
extract

4.2.2 Mineral status of tree fodders

Farm animals require sufficient quantity of feed and fodder that could
effectively meet their demands for energy, fats, proteins, minerals and vitamins.
Among these nutrients, minerals play a vital role in maintaining normal growth,

development and reproduction. The present study investigated the macro mineral



(phosphorus, potassium, calcium, magnesium) andmicro mineral status (iron and

zinc) of trees fodders and the results are presented in Table 40.

4.2.2. 1 Phosphorus (P)

The investigation on phosphorus content of selected tree fodders revealed
that the highest value was in Leucaena leucocephala (0.93%) followed by
Erythrina indica (0.91 %) and Manihot esculenta (0.88 %). However the lowest P
status was noticed in Cocos nucifera (0.49 %).

4.2.2.2 Potassium (K)

Potassium status of all the top feed were under the range of 1.0 to 2.70 per
cent with highest value in Musa acuminata (2.70 %) followed by Moringa oleifera
(2.55 %) and Sesbania grandiflora (2.45 %). Among the ten different top feeds,
Mangifera indica and Erythrina indica recorded lower K contents of 1.0 and 1.1
per cent respectively.
4.2.2.3 Calcium (Ca)

The highest Ca content was observed in Moringa oleifera (2.75 %) followed
by Leucaena leucocephala (2.02%).However Gliricidia maculata and Musa
acuminata had the lowest calcium content (1.05 and 1.09 per cent respectively)
among the selected top feeds.
4.2.2.4 Magnesium (Mg)

The magnesium content of fodder tree leaves varied from 0.24 per cent to
0.60 percent. Moreover, Moringa oleifera and Cocos nucifera recorded the highest
and the lowest magnesium contents (0.60 and 0.24 per cent respectively).
4.2.2.5 Calcium Magnesium Ratio (Ca/Mg)

The present study revealed that fodder with highest Ca: Mg ratio was found
in Leucaena leucocephala (5.61) followed by Cocos nucifera (5.50). However,
Musa acuminata showed the lowest Ca: Mg ratio of 2.27.
4.2.2.6 Potassium Calcium Ratio (K/Mg) The study revealed that, among the
selected top feeds Musa acuminata recorded the highest K : Ca ratio (2.48). The

lowest K:Ca ratio was in Erythrina indica (0.64).



Table 41b. Crude fiber analysis and mineral status of fodder trees and shrubs (% on

DM basis)

Tree fodder ADF | NDF P K Ca Mg | Ca/Mg | K/Ca
Ti: Agathi
(Sesbania 1110 | 1754 | 087 | 245 | 1.39 | 054 | 257 | 1.76
grandiflora)
T2: Erythrina 2939 | 4914 | 091 | 110 | 1.73 | 048 | 360 | 064
(Erythrina indica)
Ta:Drumstick 2139 | 34.74 | 078 | 255 | 275 | 060 | 458 | 0.93
(Moringa oleifera)
Ta:Coconut 4869 | 63.09 | 0.49 | 1.45 | 1.32 | 024 | 550 | 1.10
(Cocos nucifera)
Ts:Glyricidia 3864 | 487 | 026 | 1.45 | 1.05 | 042 | 250 | 1.38
(Glyricidia maculata)
Te:Matti
(Ailanthus triphysa) | 16-97 | 17:34 | 053 | 130 | 132 | 034 | 383 | 0.98
T7:Subabul
(Leucaena 2765 | 4487 | 093 | 215 | 202 | 036 | 561 | 1.06
leucocephala)
Tg:Cassava 2232 | 4213 | 0.88 | 220 | 153 | 042 | 364 | 1.44
(Manihot esculenta)
To:Banana 37.72 | 6532 | 078 | 270 | 1.09 | 048 | 227 | 2.48
(Musa acuminata)
T10:Mango

33.63 | 3939 | 062 | 1.00 | 1.36 | 054 | 252 | 0.74

(Mangifera indica)

NDF: neutral detergent fiber, ADF: Acid detergent fibre

4.2.2.7 Iron (Fe)

Among the selected fodder trees, the iron (Fe) status varied from 58.11 ¢

kgt to 222.14 g kg*. The highest content was found in Leucaena leucocephala
(222.14 g kg ) followed by Musa acuminata (202.98 g kg*), Manihot esculenta

(185.97 g kg!) and Mangifera indica (184.27 g kg*).However the lowest iron

content was noticed in Moringa oleifera (58.11 g kg?).

4.2.2.8 Zinc (Zn)

Present investigation revealed that zinc content of the selected tree leaves

varied from 7.64 g kg to 40.44 g kg*. The highest Zn content was observed in Musa

acuminata (40.44 g kg') followed by in Sesbania grandiflora (35.34 g kg™).




Among all the ten different tree leaves, lowest Zn content was noticed in Ailanthus
triphysa (7.64 g kg™).

4.2.3 Anti-nutritional factors in tree fodders

The major anti-nutritional factors reported in tree fodders include nitrate,
oxalate, mimosine tannin, saponins and sinogen. The consumption of fodder
containing anti-nutritional factors above critical limit is fatal, and regular use even
below critical limit may reduce the growth and quality of animals. The present
investigation mainly focused on the presence of two anti-nutrients in fodder trees
and shrubs. viz., nitrate and oxalates. The results are furnished in Table 41.
4.2.3.1 Nitrate

The present investigation on nitrate content in ten different fodder leaves
revealed that, both Sesbania grandiflora and Gliricidia maculata had negligible
amounts of nitrate. Remaining tree fodders had nitrate in the range of 0.08 g kg™ to
9.26 g kg'*. Ailanthus triphysa had comparatively higher nitrate content of 9.26 g
kg followed by Cocos nucifera (4.46 g kg™b).
4.2.3.2 Oxalate

The study revealed that the oxalate content in the selected fodder ranged
from 1.43 per cent to 2.97 per cent. The least oxalate content was observed in
Sesbania grandiflora (1.43 %) whereas comparatively higher oxalate content of

2.97 per cent was observed in both Musa acuminata and Cocos nucifera.



Table 41c. Anti-nutritional factors and micro nutrient content of locally available
tree fodders and shrubs in southern Kerala

Anti-nutritional

Micro nutrient contents (mg kg)

factors
Tree fodder Oxalate
(% DM | Nitrate Fe Mn Zn Cu
basis) | (mgkg?)

T1: Agathi
(Sesbania 1.43 0 76.02 9.1 35.34 15.6
grandiflora)
Ta: Erythrina 2,07 249 | 8597 | 860 | 1264 | 119
(Erythrina indica)
Ta:Drumstick 235 069 | 5811 | 146 | 2284 | 121
(Moringa oleifera)
T4:Coconut 2.97 446 |12696| 319 | 1014 | 9.4
(Cocos nucifera)
Ts:Glyricidia 213 0 |13000| 1329 | 1544 | 147
(Glyricidia maculata)
Te:Matti
( Ailanthus triphysa ) 2.78 9.26 91.94 23.1 7.64 6.9
T7:Subabul
(Leucaena 2.13 3.74 222.14 | 35.10 | 18.84 10.1
leucocephala)
Ts:Cassava 2.81 008 |185.97 | 4860 | 31.04 | 103
(Manihot esculenta)
To:Banana 2.97 021 |202.98| 710 | 4044 | 157
(Musa acuminata)
T10:Mango

. - 2.21 6.44 184.27 | 46.30 11.54 10.8
(Mangifera indica)




5. DISCUSSION

The present experiment entitled ‘Performance and carbon sequestration
potential of top feeds under varied planting geometry’ was conducted at the
Instructional Farm, College of Agriculture, Vellayani, Thiruvananthapuram during
April 2019 to April 2021 to standardize the optimum plant population for higher
green forage vyield, quality and carbon sequestration potential and to assess the
performance of different plant species as top feeds under sole and intercropping
system. The study also envisaged to assess the quality of predominant fodder trees
and shrubs of southern Kerala. The results of the experiment presented in the
previous chapter are discussed here under.

5.1 EXPERIMENT 1: PERFORMANCE AND CARBON SEQUESTRATION
POTENTIAL OF TOP FEEDS UNDER VARIED PLANTING GEOMETRY

5.1.1 Growth attributes

5.1.1.1 Top feeds

The growth attributes of both components of a silvi pastoral system is an
important parameter which decides the productivity of the system (Edo et al., 2017).
Introduction of tree to a land use system bring about a whole complex of
environmental changes affecting not just available light but also air temperature,
humidity, soil temperature, soil moisture content, wind movement and pest and
disease complexes (Sileshi et al., 2007). Further, the tree litter and canopy have
been documented to improve the microclimate by enhancing rainfall infiltration,
soil structure and microfauna, reducing evapotranspiration and temperature
extremes and further increasing relative humidity (Saka et al. 1994). These factors
might have positively influenced the growth of both species in a silvi pastoral
system. In this study, the growth characters viz., number of branches and leaf stem
ratio of top feeds at trimonthly interval showed a varied response over two years.
The result of the study revealed that cropping system fail to exhibit any significant
effect on number of branches of top feeds over first year. However, intercropping

top feeds with Bajra Napier hybrid recorded 11 per cent increment in number of



branches than sole cropping in the second year. This finding is in agreement with
Karthikeyan et al. (2018) who noticed that number of branches of Melia dubia +
Hedge lucerne system was more than sole crop of Melia dubia. Similar result of 10
per cent increase in number of branches was noticed by Subbulakshmi et al. (2019)
when Jatropha curcas intercropped with cow pea. Tree-grass agroforestry systems
have been reported to have potential benefits of improving crop performance by
enhancing soil physical nature, fertility and carbon content which is also attributed
to soil and water conservation (Mbow et al., 2014; Paudyal, 2003). Moreover,
intercropping system will control weeds effectively than sole cropping system
(Ahadiyat and Ranamukhaarachchi, 2008). These factors might have attributed to
an increased number of branches.

According to Sarvade et al. (2014), selection of suitable tree species and
intercrops is very significant to reduce negative tree-crop interactions. In the present
study, among the three selected tree fodders, agathi performed well in terms of
number of branches in both years. The climatic condition of the study area was very
much suitable for growing agathi as it grows well under tropical warm humid
climatic condition with 22°C to 30°C mean annual temperatures, 2000 mm to 4000
mm annual rainfall and an altitude of 800 m to1000 m (Cook et al., 2005). Agathi
is also adapted to a wide range of rainfall zones and soil types. It can be grown on
heavy clay, alkaline and saline soils and poorly drained soils and poorly fertilized
soils (Sreekanth et al., 2013). Moreover, nodulation and subsequent nitrogen
fixation capacity of agathi might have also helped to restore soil fertility indicating
its good soil improvement quality. These features might have attributed to the better

performance of agathi.

The study also revealed that number of branches of top feeds did not vary
significantly with respect to planting geometry of top feeds in first year, however
paired system (Gs) has recorded more average number of branches in the second
year and it was found to be on par with G1 (2 m x 1m). This result is in agreement
with the findings of Khimani et al. (2004) who observed that at wider spacing,
Jatropa curcas grow taller with more number of branches. This might be due to the

fact that crop requires sufficient space to harness sunlight effectively for better
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growth and development. Moreover, wider distance between the tree rows allow
farmers to undertake various cultural operations like ploughing which contribute
towards reduction of runoff and conserving soil moisture under rainfed conditions.
Furthermore, in wide spaced crops weed management practices can be carried out
easily. In another way, roots of closely spaced plants may overlap each other which
in turn affects growth of trees than wider spacing (Loades et al., 2010). Better
growth of plants under broader spacing may exhibit better vegetative growth due to
less plant population density and competition which resulted in more horizontal
growth and plant canopy area compared to those under narrow spacing. So the
branch bearing capacity increased (Sharanya et al., 2018). This result also supports
the findings of Sharma et al. (2017) who revealed less number of branches in Melia
composita when grown at a narrow spacing of 3 m x 3 mthan 4 m x 4 m. The result
is also in line with the findings of Korwar and Pratibha (1999) in African winter
horn tree (Faidherbia albida).

The interaction between cropping system and top feeds positively
influenced with agathi + Bajra Napier hybrid intercropping system (C2F1)
recording more number of branches in both years and the value was comparable to
agathi sole cropping (C:F1) in first year. High adaptability of agathi in the study
area might have contributed to better performance. Moreover, soil moisture
conservation and micro climate improvement by associated grass might have led to
more number of branches. This result is consistent with the result of Rivest et al.
(2010) who noticed more number of branches of poplar tree when it was

intercropped with soybean.

As mentioned by Obi (1991), planting geometry is an important agronomic
trait which has direct effect on light interception and in turn photosynthesis. In the
present study, sole cropping with wider spacing of 2 m x 1 m (C1G1) between plants
might have helped in more lateral expansion of trees and as result more branches
could be noticed than narrow spaced trees (2 m x 0.5 m). However the interaction
between cropping system and spacing failed to exhibit any significant effect on
number of branches in the second year. Considering the interaction between top

feeds and planting geometry, average number of branches was maximum when



agathi was grown at 2 m x 1 m spacing (F1G1) and it was comparable to ...2 m x 0.5
m spaced agathi (F1Gy) in first year. However in the second year, agathi with paired
system of planting recorded higher value and it was found to be on par with F1G
and F1G2. This result is consistent with the results of Prasad et al. (2010) who found
that subabul with paired system of planting recorded significantly more branches.
Furthermore, significant interaction between cropping system, top feeds and
planting geometry on number of branches of top feeds was noticed and significantly
higher mean value was noticed when agathi was grown as a sole crop with2 m x 1
m geometry (C1F1G1) during first year. However intercropping agathi with paired
system (C2F1G3) had higher average branch number in the second year and it was
found to be on par with C2F1Go.

Leaf stem ratio is an important factor determining the selection of diet,
quality and forage intake of livestock (Nasrin, 2018). Better performance of top
feeds mainly depends on its photosynthetic capacity (Ren et al., 2016). The present
study revealed that leaf stem ratio of top feeds did not exhibit any significant
variation with respect to cropping system in the first year. Similar conclusion was
made by Ram and Singh (2003) in maize - legume intercropping system. However
the data varied significantly in the second year and intercropping top feeds with
Bajra Napier hybrid recorded significantly superior average leaf stem ratio.
Advantages of intercropping probably derived from high light use efficiency of
above ground part (Lv et al., 2014) which in turn might have attributed to an
improved photosynthetic rate. Moreover, high rate of photosynthesis will improve
leaf density, mesophyll cell surface area, leaf weight and specific leaf thickness
(Chabot and Chabot, 1977). In addition, by the introduction of a component crop,
there might be an increment in plant height in competition to component crop,
which might have caused reduction in stem girth of the plant (Ginwal et al.,
2019).Hence these features of reduced stem girth and improved leaf weight might
have further improved the leaf stem ratio.

Regarding different top feeds, agathi exhibited better performance in terms
of mean leaf stem ratio in both first year (0.76) and second year (0.78). Furthermore,

drumstick recorded significantly the lowest value (0.62 and 0.67 respectively).This



finding however slightly deviates from the study of Patrick et al. (2020) who
conducted a study on productivity of tree fodders in typical home gardens of central
Kerala and found that leaf stem ratio of agathi as 1.09 to drumstick as 0.66. As
compared to drumstick, agathi is a leguminous crop which has capacity to fix
atmospheric nitrogen and in turn improve soil fertility. Moreover, better
adaptability of agathi to the study area might have led to a better canopy and in turn
high leaf stem ratio.

Nissen et al. (2001) reported growth to be a cumulative result of age,
geometry and site quality. Among the three planting geometry, top feedsat 2 m x 1
m (G1) was significantly superior with respect to leaf stem ratio of top feeds in first
year, however, paired system of geometry exhibited better performance in the
second year. This result is in conformity with the findings of Mohan et al. (2013)
who claimed that wider planting geometry recorded higher leaf stem ratio in fodder
cowpea. More availability of light, water and nutrients offered by wider spaced
trees will result in increased crown size, leaf area, synthesis of carbohydrates and
hormonal growth regulators which might have further improved the plant height
and leaf stem ratio (Baldwin et al., 2000; Zang et al., 2013; Thakur et al., 2019).

The interaction between cropping system and top feeds failed to exhibit any
significant effect on average leaf stem ratio during first year. However, agathi +
Bajra Napier hybrid intercropping system (C.F1) exhibited significantly higher
average value in the second year. This might be due to the fact that the climatic
condition of the study area was more suitable for the growth of agathi than other
two top feeds and more nutrient uptake was also recorded in agathi. Similar
conclusion was made by Mehta et al. (2017) in drumstick.

Regarding the effect of interaction between cropping system and planting
geometry, leaf stem ratio was significantly superior for sole cropped top feeds at 2
m X 1 m geometry (C1G1). In general, crop requires sufficient space to harness
adequate natural resources for their normal growth and development. In this result
wider spacing of 2 m x 1 m of top feed under sole cropping system recorded more
leaf stem ratio. Increasing spacing may reduce the competition for available

resources and also it could harness more sunlight through which photosynthetic rate



may also improve. This may further add a positive effect on leaf stem ratio.
However, top feed with paired system of geometry under intercropping system
(C2G3) recorded significantly higher value in the second year. Similar result was
reported by Prasad et al (2010) in subabu I+ cow pea intercropping system. They
reported that more spread of canopy towards the open side was noticed in paired
system of planting. Higher canopy growth may lead to more leaf stem ratio.
Moreover, intercropping with fodder will improve microclimatic condition,
improve soil fertility and also conserve water. All these factors would have
indirectly improved leaf stem ratio.

Moreover, top feed and planting geometry also exhibited significant
interaction with respect to leaf stem ratio and agathi with 2 m x 1 m spacing (F1G1)
was significantly superior in first year. However, agathi in paired system (F1G3)
recorded higher value in the second year and it was comparable to F1G> (agathi at
2 m x 0.5 m). The result of the study also revealed that the interaction between
cropping system, top feeds and planting geometry was not significant with respect
to mean leaf stem ratio of top feeds in the first year. However C1F3G> recorded
higher value in the second year and it was on par with C1F1G1, C1F2Gz, C1F,Ga,
C2oF1G3, CoF2Gs, and CoF3Go.

5.1.1.2 Bajra Napier hybrid

The result of the experiment indicated that the average plant height of Bajra
Napier hybrid was higher when it was intercropped with Erythrina in the first year.
However the plant height of erythirina was comparable to agathi in the second year.
This might be due to the fact that both Erythrina and agathi are nitrogen fixing crops
and intercropping Bajra Napier hybrid with those nitrogen fixing crops might have
had a beneficial effect on the grass. According to Reddy and Pallad (2016),
cultivation of legume with non-leguminous crop will enhance the uptake of nitrogen
by the companion crop through partitioning the nitrogen fixed by legumes to the
non-nitrogen fixing crops grown in association with them. Similar conclusion was
also made by Meena et al (2011) who observed significantly higher plant height in
Cenchrus ciliaris when intercropped with Stylosanthes. Moreover, favourable



microclimate created by legume crop also compliments the better growth of
intercrop (Ginwal et al., 2019). Furthermore, shading by these top feeds might have
enhanced the synthesis of auxin and gibberellins, which promoted cell division, cell
elongation, apical dominance and inter nodal elongation, which in turn might have
increased the plant height (Keuskamp et al., 2010). Similar observations were also
made by Anita (2002) in guinea grass varieties, Antony and Thomas (2015) in Bajra
Napier hybrid and Thampi (2017) in Bajra Napier hybrid. Hence the increased plant
height of Bajra Napier hybrid might be due to these positive effects of both
Erythrina and agathi. The result also revealed that shortest plant of Bajra Napier
hybrid recorded when it was intercropped with drumstick (F3) in both the years. It
could be due to non-leguminous nature of drumstick as compared to other two top
feeds, viz., Erythrina and agathi.

The plant height of Bajra Napier hybrid was significantly influenced by the
spacing of top feeds. Nasreen (2018) observed that the plant height of palisade
grass increased with narrow spacing when it was intercropped with fodder cowpea
and fodder rice bean. Among the three different planting geometry of top feeds,
maximum mean plant height of Bajra Napier hybrid was noticed when top feeds
were planted at a narrow spacing of 2 m x 0.5 m (G>) and it was found to be on par
with G1 (2 m x 1 m) during both the years. Under closer spacing of 2 m x 0.5 m,
more shade might have imparted to associated grass, which leads to an enhanced
synthesis of auxin and gibberellins by the grass and further promote cell division,
cell elongation, apical dominance and inter nodal elongation, which in turn
increases the plant height (Keuskamp et al., 2010).This result is in line with the
finding of Sharu (2016) in palisade grass.

Considering all the six harvests in the first year and second year, paired row
system of intercropping recorded significantly the lowest plant height. This result
is in conformity with those of Buxton (2001) who reported that stem length of crop
gets reduced under open condition than that under shaded condition. Wider spacing
will allow more sunlight availability to the intercrop leading to less competition
between two crops. Furthermore, the interaction between top feeds and planting

geometry failed to exhibit any significant interaction with respect to plant height in



both first year and second year. This is in conformity with the result of
Subbulakshmi et al. (2019).

Leaf stem ratio is an important factor which is helpful to determine the
digestibility and palatability of any fodder crop (Ginwal et al., 2019). The data
regarding leaf stem ratio of top feeds over two years revealed that the average value
was significantly higher when BN hybrid was intercropped with Erythrina and the
lowest in drumstick + Bajra Naper hybrid plot in both the years. This is because the
taller a plant, the higher will be the amount of light energy absorbed by such plant
and invariably, higher will rate of photosynthesis and consequently the amount of
assimilate produced by the leaves (Sunilkumar et al., 2005). Moreover, during the
sixth harvest in first year and second, third and sixth harvests in the second year,
leaf stem ratio of Bajra Napier hybrid in Erythrina and agathi plots were
comparable. These results are in accordance with the result of Thomas et al. (2021)
who noticed that guinea grass intercropped with agathi recorded the highest leaf
stem ratio.

Among the three planting geometry, growing top feeds in narrow spacing
of 2m x0.5m (Gy) registered significantly higher average leaf stem ratio in first year.
However, both G1 (2 m x 1 m) and G2 recorded significantly higher leaf stem ratio
in the second year. This result is in line with the results of Malami and Samaila
(2012) who noticed that closer spaced crop had lower stem girth than that under
wider spacing. This phenomenon might be due to closer spacing which might have
led to a degree of etiolation. Further lower stem girth will lead to more leaf stem
ratio. This result is in line with the results of Raza et al. (2019). Moreover, paired
row of intercropping recorded significantly the lowest leaf stem ratio in both the
years.

Regarding the interaction between top feeds and planting geometry,
growing Erythrina at a narrow spacing of 2 m x 0.5 m (F2G2) recorded maximum
leaf stem ratio in both the years and the value was comparable with F2Gy in the first
year and F2G: and F1G; in the second year. This result is consistent with the
observation made by Chauhan and Opena (2013) who suggested that narrowing of

row space may lead to an increased leaf area and more number of leaves due to high



light interception. Moreover, stem girth was reduced in closer planting (Malami and
Samaila 2012). These factors might have attributed to an increased leaf stem ratio.
In addition both agathi and Erythrina can fix atmospheric nitrogen and could
improve soil fertility. This feature may also improve the leaf stem ratio of the
associated crop indirectly.

The tiller numbers generally determine the resource use efficiency and
productivity of the crop. In this study, average number of tillers was significantly
higher when Bajra Napier hybrid was intercropped with Erythrina in both the years.
Regarding individual harvest data, significant variation was noticed only in third
harvest in first year and third and fourth harvests in the second year. Moreover, the
tiller number of BN hybrid in Erythrina and agathi plots were comparable in fourth
harvest. Moreover, BN hybrid intercropped with drumstick recorded significantly
the lowest tiller number in both years. In many areas, water availability and soil
nutrient deficiencies are the two important environmental factors that limit pasture
productivity (McDonald and Whitesides, 2002). In this context, incorporating
Erythrina and agathi could improve soil fertility through nitrogen fixation capacity
of legumes (Liao et al., 2007). The transfer of nitrogen from legumes to associated
grass can occur through decomposition of their residues (Fujita et al., 1992).This
might have improved soil fertility and in turn number of tillers of BN hybrid. This
result is in conformity with the findings of Mariotti et al. (2009) who reported that
among different grass-legume mixtures barley-vetch mixture has produced higher
number of tillers. In addition to this, poor canopy development of Erythrina might
have reduced the shading effect for the associated grass and as a result more solar
radiation may have reached the intercrop increasing the tiller number. Optimum
row spacing is an effective approach to optimize tillering capacity (Kakar et al.,
2001).

Regarding spacing, mean number tillers of BN hybrid was higher when top
feeds were grown with a narrow spacing of 2 m x 0.5 m in both first and second
year. However the value was comparable to 2 m x 1 m spacing in the first year. This

is mainly because, narrow spaced crops utilize solar radiation efficiently and more



interception of photosynthetically active radiation (PAR) might have improved the
tillering capacity of the associated crop. These results are in conformity with the
findings of Ali et al. (2000) who observed more number of tillers in narrow spaced
plants than under wider spacing. Similar result was also noticed by Crusciol et al.
(2013) when maize was intercropped with palisade grass. The interaction between
top feeds and planting geometry did not differ significantly during any of the
harvest in the first year. However growing Erythrina at a spacing of 2 m x 0.5 m

(F2G2) registered significantly higher value in the second year.

The data on the tussock diameter of the Bajra Napier hybrid revealed that
Erythrina - Bajra Napier hybrid intercropping system recorded significantly higher
average tussock diameter during both the years. Tussock diameter has a direct
relation with number of tillers. In this study, higher number of tillers was noticed
when BN hybrid was intercropped with Erythrina. This result is in line with the
result of Choudhary et al. (2012) who noticed that the tussock diameter of guinea
grass was significantly superior when it was intercropped with mulberry followed

by guinea grass + Terminalia myriocarpa.

Among the three planting geometry, cultivation of top feedsat 2 m x 0.5 m
(G1) spacing recorded maximum mean tussock diameter and it was found to be on
par with the top feeds grown in 2 m x 1 m planting geometry (G1). Higher number
of tillers and leaf stem ratio in narrow spaced plot might have directly improved the
tussock diameter. These results are in agreement with the results of Shankar et al.
(1976) who reported that tussock diameter of Cenchrus ciliaris has improved when
it was grown within 2m perimeter of Prosopis cineraria and as the distance
increased, gradually the tussock diameter of grass also reduced. The data also
revealed that F x G interaction was not significant with respect to mean tussock

diameter of Bajra Napier hybrid in both first and second years.



5.1.2 Yield attributes
5.1.2.1 Top feeds

Intercropping is a cultivation practice that can contribute to ecological and
sustainable intensification in crop production (Jensen et al., 2015). The result of the
experiment revealed that cropping system had significant effect on total green
fodder yield of top feeds over sole cropping. The total yield of the crop is an
indication of the effective utilization of resources and how long it could maintain
utilization efficiently during the growth period of crop (Nasreen, 2018). In this
study it was observed that intercropping top feeds with Bajra Napier hybrid
produced significantly more total green fodder yield in both the years. This result
is in conformity with the findings of Susheela et al. (2015) who observed the highest
green fodder yield of subabul when it was intercropped with Bajra Napier hybrid
and desmanthus. This increase in yield might be due to several reasons. Tree based
intercropping system provide various ecosystem services viz., nutrient
mineralization, climate regulation and improve air, water and soil quality (Alam et
al., 2013). Moreover, soil moisture conservation by associated intercrop might have
helped to satisfy the physiological requirements of main crop which translated into
better growth than the conditions prevailed under sole crop situation, which fail to
conserve runoff and resulted in low soil moisture content (Kumar, 2014).

Observation on yield data indicated that total green fodder yield under
intercropping was 29.83 per cent more than sole cropping in the first year and 24.75
per cent more in the second year. This result is consistent with the findings of
Kumar (2014) who observed that Stylosanthes + setaria intercropping system
produced 23.92 and 25.68 per cent more green fodder yield over sole planting of
setaria and Stylosanthes. The higher green fodder yield under intercropping system
might be due to better utilization of space, light, nutrients and moisture than sole
stand (Ram and Parihar, 2008).

Regarding different top feeds, agathi recorded significantly higher total
green fodder yield in first year and second year. This is mainly because agathi is a

leguminous fodder tree that is well suited for tropical warm humid climatic



condition and it will grow well in a wide range of soils. The result of the study is in
line with the result of Thomas et al. (2021) who reported significantly higher green
fodder yield of agathi when it was intercropped with Rhodes grass. In both the
years, Erythrina recorded significantly the lowest total green fodder yield and there
was a yield reduction in Erythrina to the tune of 55.34 per cent and 51.52 per cent
respectively than the best treatment. It might be due to poor adaptability of
Erythrina in the selected area that underlines the importance of selection of ideal
crop component in a given area. This study clearly revealed that yield attributing
factors like number of branches and leaf stem ratio are comparatively less for
Erythrina and these factors might have directly reflected on the green fodder yield.
Furthermore, gall wasp attack was prevalent in the study area and that also might
have added to the poor performance of the crop.

Among the three planting geometry, paired system recorded maximum total
green fodder yield in the first year and it was found to be on par with G2. However,
reverse trend was noticed in the second year. This might be due to the reason that
performance of the plants might have improved due to increased spacing.
Moreover, it might have improved the photosynthetic rate leading to greater green
fodder yield. The better availability of various natural resources and effective weed
control in wider spacing might have helped the plants to grow to full potential and
produce higher yield, than closely spaced plants (Rani et al., 2020). Furthermore,
forage yield is a function of growth parameters like plant height, number of
branches and leaf stem ratio. All these characters were higher for paired system
which might have contributed to enhanced green fodder yield of top feeds. These
results were in agreement with those of Thomas et al. (2021) who observed that
intercropping Bajra Napier hybrid (paired row) with fodder cowpea recorded
significantly more total green fodder yield followed by Bajra Napier (paired row)
+ agathi.

Regarding the interaction between cropping system and top feeds, green
fodder yield was significantly superior when agathi was intercropped with Bajra
Napier hybrid (C2F1) over all the harvests in first year and second year (Fig. 4a).

The climatic condition in the study area might be better suited for the growth and



development of agathi than the other two top feeds viz., Erythrina and drumstick.
Similar conclusion was made by Thomas et al. (2021) who reported that
intercropping agathi with different grass species provided approximately five times
more green fodder yield than sole cropping of agathi. The study also revealed that
growing agathi with setaria in 2:2 proportions recorded 79 per cent more green
fodder yield than sole cropping of agathi.

Considering the interaction between cropping system and planting
geometry, higher total green fodder yield was noticed when top feeds were
intercropped at 2 m x 0.5 m spacing (C2Gz2) in both the years and it was found to be
on par with C>Gs (intercropping top feeds in paired system) in the first year (Fig.
4b). This might be due to the fact that under wider spacing, more space will be
available above and below ground level and that reduces the competition for the
resources like water, light and nutrient. Similar finding was reported by Chauhan
and Dhiman (2007) when poplar tree was intercropped with wheat. Similar trend
was also noticed in each individual harvest in first year and second year.

The result also revealed that growing agathi at a narrow spacing of 2 m x
0.5 m (F1Gy) registered significantly higher total green fodder yield in both years
(Fig. 4c). Narrow spacing attributes an improved plant density, which is very
critical for achieving maximum yield potential under irrigated condition (Zaman et
al., 2021). Furthermore, narrow spacing often improves photosynthetic capacity by
enhancing the interception of available solar radiation and that further improves the
yield (Andrade et al., 2002). Regarding the individual harvest data, the green fodder
yield of F1G2 was comparable to F1Gszin first, second and fourth harvests in the first
year and second harvest alone in the second year. Considering the interaction
between cropping system, top feed and spacing, intercropping agathi at 2 m x 0.5
m (C2F1G2) proved to be the best treatment (Fig. 4d). This might be due to the fact
that intercropping provides better microclimatic condition for the growth of main
crop and among the three top feeds agathi was better suited for the selected area.
Furthermore, narrow spacing of 2 m x 0.5 m accommodate more plants per unit

area and it is a crucial factor that improved yield. Similar findings were made by



Stacciarini et al. (2010) who opined that narrow spacing improved the crop yield in
maize due to reduced weed competition and optimized sunlight interception.

Dry fodder yield is a function of green fodder yield and dry matter content.
Hence the green fodder yield obtained under different treatments directly supports
the dry fodder yield of different treatments in the present study. The results of the
study revealed that growing top feeds along with Bajra Napier hybrid (C2)
registered significantly higher dry fodder yield in both years. Intercropping reduce
run off, soil and nutrient losses and improves the soil moisture availability. These
factors might have favoured better growth and green fodder yield, which ultimately
has reflected on dry fodder yield of the associated top feed in the study.
Furthermore, there was a total yield increase of 28.88 per cent and 27.07 per cent
respectively in first and second year for intercropping as compared to sole cropping.
Thomas et al. (2021) reported that growing agathi with setaria in 2:2 proportion has
recorded 80 per cent more dry fodder yield as compared to sole cropping of agathi.
The study is also in agreement with the observations of Raj et al. (2016) who
reported that among different combinations of silvi pastoral systems, higher dry
matter yield was noticed when Bajra Napier hybrid was intercropped with mulberry
and calliandra. Similar conclusions were also made by Patel et al. (2002) in
eucalyptus + cowpea and Gill (2005) in acacia + pulse intercropping systems.

Considering three different top feeds that were grown in subplot, agathi
registered significantly higher dry fodder yield in both the years and the yield
increase of agathi was to the tune of 54.83 per cent in first year and 51.81 percent
in the second year as compared to Erythrina, which recorded the lowest dry fodder
yield. Moreover, different yield attributing factors like number of branches and leaf
stem ratio were significantly higher in agathi as compared to Erythrina and
drumstick and these factors have a direct influence on dry fodder yield of top feeds.
This result is in agreement with the findings of Baba et al. (2011) in grass-legume
mixture.

Planting geometry is one of the most important considerations to avoid
competition and for the effective utilization of resources among the agricultural

crops and trees (Mohammed et al., 2018). Maximum yield of a particular crop in a



given environment can be obtained by adopting row spacing in which minimum
competition among the crops are noticed. This can be achieved with optimum
spacing which not only utilizes soil moisture and nutrients more effectively but also
avoids excessive competition among the plants. In this study, paired system of
planting (Gs) was found to be significantly superior with respect to total dry fodder
yield in the first year. However, growing top feeds at 2 m x 0.5 m (Gz) recorded
maximum dry fodder yield in the second year and the value was comparable with
paired system (Gs). Similar result was reported by Thomas et al. (2021), who found
that among different grass legume mixtures, Guinea grass (paired row) with agathi
recorded significantly more dry fodder yield than guinea grass (paired row) +
desmanthus. Considering individual harvest data of the first year, Gz recorded
higher dry fodder yield in first and fourth harvest and in first harvest, it was found
to be on par with G2. Wider spacing of the main crop attributed to better utilization
of moisture, fertilizers and nutrients beyond the reach of intercropped grass with
additional benefit of easy cultural operations as observed by Nissen et al. (2001).
Furthermore, wider spaces between the rows might have helped the lateral
expansion of top feeds and it also provide enough space for the expansion of roots
(Subbulakshmi et al., 2019). However in second harvest, G> was observed to be
higher in dry fodder yield and it was found to be on par with G3 Regarding
individual harvest in the second year, G2 recorded higher dry fodder yield in second
and third harvests and it was on par with Gz, Reverse trend was noticed in the fourth
harvest. This result agrees with the findings of Karigoudar and Angadi, (2005) in
field bean and Mohamed et al. (2018) in Hardwickia binata trees.

The interaction between cropping system and top feeds with respect to total
dry fodder yield followed same the trend as green fodder yield. Intercropping agathi
with Bajra Napier hybrid (C2F1) recorded with significantly higher dry fodder yield
in both first year and second year, the increase was to the tune of 64.44 percent and
60.86 per cent respectively in first year and second year as compared to
intercropping Erythrina (C2F1).This could be attributed to the superiority in yield
attributing characters like number of branches and leaf stem ratio in agathi than
Erythrina.
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Tree spacing influences individual tree growth and in turn tree morphology
and dry matter yield. Regarding the interaction between cropping system and
planting geometry, maximum total dry fodder yield was noticed by C>G; in both the
years and it was comparable with C>Gs in the second year. Trees with sufficient
growing space show better growth and withstand pest and diseases effectively
(Krishna, 2006).With respect to the interaction between top feeds and planting
geometry, growing agathi at 2 m x 0.5 m (F:G2) was superior with respect to dry
fodder yield in both first year and second year. Considering the interaction between
cropping system, top feeds and planting geometry, the total dry fodder yield and
dry fodder yield of each harvest over two years were significantly superior in
C2F1G2. These results might be due to the reason that among the three selected top
feeds, agathi performed well under the climatic condition of the study area.
Furthermore, optimization of sunlight interception at narrow row spacing and
increased plant density might have contributed to increased yield.

5.1.2.2 Bajra Napier hybrid

The green fodder yield of Bajra Napier hybrid over six harvests during the
first year and second year revealed that intercropping Bajra Napier hybrid with
Erythrina (F2) recorded significantly higher values (Fig. 5a). Moreover, there was
an increment in total yield of Erythrina to the tune of 19 per cent and 20 per cent
respectively in the first year and second year as compared to drumstick (F3z), which
recorded significantly the lowest values. This reduction in the yield of Bajra Napier
hybrid in drumstick plot might be due to the reason that both agathi and Erythrina
are nitrogen fixing crops which might have improved soil fertility and in turn yield
of associated grass. This result is in conformity with the findings of Chauhan et al.
(2014) who noticed that Bajra Napier hybrid produced significantly more yield
when it was intercropped with subabul. Similar observations were also made by
Mureithi et al. (1995) in subabul + Bajra Napier hybrid and George et al. (1996) in
coconut + guinea grass. The study also found that all the yield attributing characters
like number of tillers, leaf stem ratio and tussock diameter of Bajra Napier hybrid

was significantly more when it was intercropped with Erythrina. This result might



have directly reflected on green fodder yield. The perusal of data also revealed that
though both agathi and Erythrina are nitrogen fixing crops, the yield of Bajra
Napier hybrid in agathi plot declined by 12.62 per cent and 11.91 per cent
respectively than Bajra Napier hybrid in Erythrina plot. This might be due to the
fact that better growth of agathi in the study area might have increased shading
effect to the associated grass than Erythrina, and under shaded condition, decreased
solar radiation would have reduced the photosynthetic productivity and
carbohydrate assimilation (Senevirathna et al., 2003) which might have led to yield
reduction of grass under shaded situation. This observation is in agreement with the
findings of Deepthi (2021) who revealed that the green fodder yield of Bajra Napier
hybrid was significantly higher under open condition than different levels of shade.
Yield of fodder crops are directly related to light availability and similar results
were reported by Antony and Thomas (2015) in different Bajra Napier hybrid
varieties.

Regarding different planting geometry of top feeds, significantly higher
total green fodder yield of Bajra Napier hybrid was noticed when top feeds were
planted at 2 m x 0.5 m spacing (Gz) in both first year and second year (Fig. 5b).
Second best treatment was 2 m x 1 m (G1) planting geometry and there was only
around 2 per cent yield reduction in G as compared to the best treatment (G2) in
both the years. Higher green fodder yield of intercrop was contributed by many
factors and optimum spacing of associated crop is an important factor which will
decrease the interspecific competition for available resources and that will help for
better utilization of space, light, nutrients and water. These results are in agreement
with the findings of Prasad et al. (2010) in eucalyptus + cowpea intercropping
system.

Interaction between top feeds and planting geometry was found have
positive influence on green fodder yield of Bajra Napier hybrid and the combination
F2G1 recorded higher total green fodder yield during the first year and it was on par
with F.G> (Fig. 5¢). However reverse trend was noticed in the second year. This
could be attributed to the fact that Erythrina is a leguminous fodder crop that fixes

atmospheric nitrogen which directly aids the growth of companion grasses.



Moreover, more N could have been fixed by closely planted leguminous crop (Gz2)
than that of paired system.

The result of the study revealed that the dry fodder yield of Bajra Napier
hybrid with respect to different top feeds followed the same trend as that of green
fodder vyield. Intercropping Bajra Napier hybrid with Erythrina recorded
significantly higher green fodder yield in all the six harvests during both first year
and second year. The data also revealed that there was a total increase in dry fodder
yield to the tune of 18.83 per cent and 19.11 per cent respectively in first year and
second year as compared to Bajra Napier hybrid intercropped with drumstick,
which recorded the lowest green fodder yield. This is in confirmation with the
findings of Varsha et al. (2019) in mulberry + Bajra Napier intercropping system.
The higher dry matter yield of Bajra Napier hybrid in Erythrina plot might be due
to poor growth and development of Erythrina along with nitrogen fixing capacity.
Similar findings were also made by Meena et al. (2011) when cowpea was
intercropped with Cenchrus setigerus and Baba et al. (2011) in Guinea grass +
Centrosema pubescens intercropping system.

With respect to sub plot factor, significantly higher total dry fodder yield of
Bajra Napier hybrid was noticed when top feeds are grown at 2 m x 0.5 m spacing
in both the years. However considering individual harvest data, the value of G1 and
G2 were comparable in first, second and fifth harvests in the first year and first,
second and third harvests in the second year. This might be due to narrow spacing
attributes to high plant density which increases the interception of
photosynthetically active radiation (PAR) for effective biomass production in
associated crop. This result is in conformity with the findings of McKenzie et al.
(1992) in chick pea.

Moreover, the study also revealed significant interaction between top feeds
and planting geometry with respect to total dry fodder yield and the treatment
combination F2G> recorded the maximum total dry fodder yield in both first year
and second year and the value was comparable with F.Gy in the second year (Fig.
5d). This result is in line with the findings of Subbulakshmi et al. (2019) when

Jatropha curcas was intercropped with cow pea.
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5.1.3 Root characteristics
5.1.3.1 Top feeds

The result of the study revealed that root characteristics were significantly
influenced by cropping system and intercropping top feed with Bajra Napier hybrid
recorded significantly higher root weight and volume (Fig. 6a). Moreover,
intercropping recorded 43.78 per cent more root fresh weight and 37.41 per cent
more root volume than sole cropping system. This might be due to the fact that the
competition for available resources like water is more in intercropping system than
sole cropping of top feeds, which might have improved the root biomass in order to
take water from deeper layers. Similar finding was also observed by Varsha et al.
(2019) in Bajra Napier hybrid- mulberry system and Anita (2014) in fodder
cowpea-Bajra Napier hybrid system.

Among the three top feeds, the root biomass of agathi was significantly
superior. It was also noticed that agathi recorded 82.32 per cent more root fresh
weight and 90.12 per cent more root volume than Erythrina, which recorded the
lowest value (Fig. 6a). This increased root biomass was likely the main cause of the
greater success of agathi compared to Erythrina and drumstick, in terms of growth
and competitive ability. Similar conclusion was made by George (1996) in Acacia

auriculiformis.

Furthermore, growing top feed in paired geometry resulted in significantly
higher root weight and volume. Planting geometry is a factor of crucial importance
that determines the extent of competition for below-ground resources. Wider
spacing provide lower plant density, which in turn favor better root growth (Farooq
et al., 2019). Root morphological traits are drastically affected by tree density as
root length increased and spread evenly in low density stands due to the large
growth space (Stokes et al., 2009) and minimal competition for growing space
(Mandal et al., 2010).This result is in conformity with the findings of Hunter (1997)
in Vitis vinifera, Bernardo et al. (1998) in eucalyptus and Jiang et al. (2013) in

summer maize.



Significant interaction between cropping system and top feeds was observed
in root dry weight and significantly higher dry weight was observed when agathi
was intercropped with Bajra Napier hybrid. However, the root fresh weight and root
volume were not significant. Similarly, interaction between cropping system and
planting geometry failed to exhibit any significant difference with respect to root
characteristics. However the interaction between top feeds and planting geometry
varied significantly and agathi in paired system recorded higher root weight and
volume. In wider geometry, the roots deeply penetrate the soil because of more
growth space while in narrow spacing they seem to penetrate into shallow soil
surface for the available resources (Van Noordwijk et al., 2015). Moreover, wider
spacing may provide more area for the expansion of roots as compared to closely
spaced plants. This result is in conformity with the finding of Bernardo et al. (1998).

Similarly significant interaction between cropping system, top feeds and
planting geometry was noticed in root weight and root volume of top feeds after
two years (Fig. 6b). Intercropping agathi with Bajra Napier hybrid in paired system
of geometry (C2F1Gz) recorded the highest root weight and volume.
4.1.3.2 Bajra Napier hybrid

Bajra Napier hybrid had high tillering ability, and an extensive rooting
system that enabled it to take up nutrients and water from the subsoil and thereby
overcome periods of low nutrient and water in the topsoil (Neukirchen et al., 1999).
In this study, intercropping Bajra Napier hybrid with Erythrina recorded
significantly higher root fresh weight. This might be due to the reason that lower
growth and development of Erythrina roots might have provided more area for the
growth and development of associated grass, which might have improved the root
biomass. Similar findings were reported by Xu et al. (2008) in switch grass and
sainfoin intercropping system. However root dry weight and root volume failed to
exhibit any significant difference.

The present study evidenced that root biomass of Bajra Napier hybrid varied
with planting geometry of top feeds. It was noticed that growing Bajra Napier
hybrid in 2 m x 1 m geometry of top feed recorded significantly higher root weight



and it was found to be on par with paired system. However, the root volume did not
vary significantly. This might be due to the fact that as crop grow, competition for
below ground resources become more intense in closely spaced crop, thus the roots
among individual trees overlap with each other which in turn affects growth of the
associated plant. Thus widely spaced trees positively influences the root growth of
associated grass. Similar result was reported by Loades et al. (2010).

The interaction effect of top feeds and planting geometry was significant
with respect to root weight and root volume. The treatment combination F2G>
recorded the maximum root weight and volume and it was found to be on par with
F1G2, F2G1 and F3G1. Wider spacing might have led to better biomass production
which could be attributed to better root structural development coupled with the
minimal competition with understorey vegetation and between trees compared to
narrow planting. This result is in conformity with the findings of Litton et al. (2003)
and Chang et al. (2012).
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5.1.4 Physiological parameter

5.1.4.1 Top feeds

Photosynthesis is an important biochemical process that largely depends on
the chlorophyll content in plants and quantification of chlorophyll content is a good
indicator of growth status of the crop, plant nutrient stress, photosynthesis and
growing period (Schlemmer et al., 2005). Moreover, light and soil fertility are two
factors that directly influence the chlorophyll content. In this study, it was noticed
that both cropping system and planting geometry failed to exhibit any significant
effect on total chlorophyll content of top feeds. However among the three top feeds,
agathi had significantly higher chlorophyll content in both the years. According to
Zhang et al. (2013), high nitrogen fertilization level enhances the chlorophyll and
carotenoid content of the leaves. In this study, uptake of nitrogen, phosphorus and
potassium were maximum in agathi as compared to other two top feeds. Since these
elements have a direct role in chlorophyll synthesis (Fredeen et al., 1990; Zhang et
al., 2011), it might have improved the chlorophyll content in agathi. This result is
in conformity with the finding of Kousar et al. (2007) who opined that chlorophyll
content of a plant is directly related to the amount of nutrient absorbed by the plant.

Significant interaction between cropping system and top feeds was noticed
with respect to total chlorophyll content and growing agathi as sole crop recorded
higher value in both the years. However in second year, the value was on par with
C2F1 (growing agathi in intercropping system) (Fig.7a). This result is in conformity
with the findings of Pandey et al (2020) who observed higher chlorophyll content
in soybean leaves when it was grown as a sole crop and the value was comparable
to soybean-maize intercropping system. Furthermore, according to Yang et al.
(2002), nitrogen application to the crop plant will increase chlorophyll content in
crop leaves. In this study, significantly higher nitrogen uptake was noticed in agathi.
This might be a reason for increased chlorophyll content.

Ideal planting geometry has prime consideration in the growth and

development of crop (De Bruin and Pedersen, 2008). Moreover, ideal row spacing
will affect light interception and ventilation of crop canopy (Zhu et al., 1998).



The result of the study revealed significant difference with respect to interaction
between cropping system and planting geometry in the first year, however it was
not significant in the second year. Sole cropping of top feeds in 2 m x 0.5 m
(C1Gy) recorded higher value in first year and it was statistically on par with C:G;
(sole cropping top feed in 2 m x 1 m geometry) (Fig.7b). In this study closer
spacing of 2 m x 0.5 m might have caused overlapping of adjacent tree canopies
and the increased shading might have increased the chlorophyll content than that
under wider spacing. This result is in agreement with Yanjun et al. (2018).
However the interaction effect of top feeds with planting geometry did not vary
significantly in both the years.

The result also revealed that interaction between cropping system, top feeds
and planting geometry significantly varied only in the second year, and growing
Erythrina as sole crop at 2 m x 0.5 m (C:F2G>2) recorded the highest total
chlorophyll content and the result was comparable with C1F1G1, C1F1G2, C1F1G3
and C2F1Ga. This result is in conformity with Sharanya et al. (2018).
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5.1.4.2 Bajra Napier hybrid

Growing condition and soil fertility are two important factors which have a
significant impact on total chlorophyll content of crops. In this study, total
chlorophyll content of Bajra Napier hybrid was significantly higher when it was
intercropped with agathi in the first year. However the value was comparable with
Erythrina in the second year. Both agathi and Erythrina are leguminous crops
which have nitrogen fixation property. Thus they have improved the soil fertility
and in turn more nitrogen would have been made available to the associated grass.
Moreover, increased soil fertility has a direct role in improving chlorophyll content.
This result is in conformity with the findings of Ning et al. (2012) in cereal-legume
intercropping system. In addition, good canopy structure of agathi might have
imparted more shade to the grass and chlorophyll content would have increased
with decrease in the intensity of light. This result is in consistent with the findings
of Thampi (2017) who observed an increase in chlorophyll content of Bajra Napier
hybrid when it was intercropped with coconut and Attridge (1990) reported that
plants show adaptive mechanism such as increase in chlorophyll content under
shaded conditions to maintain the photosynthetic efficiency.

The study also concluded that chlorophyll content of Bajra Napier hybrid
did not vary significantly with respect to planting geometry in first year, however
growing top feeds at 2 m x 0.5 m geometry recorded significantly higher
chlorophyll content in the second year. Narrow spacing of top feeds might have
resulted in more shading effect for the associated grass. This increase in shade might
have improved the chlorophyll content. Similar observations were made by Anita

(2002) in Guinea grass and Oliveira et al. (2013) in tree-grass intercropping system.

Significant interaction between top feeds and planting geometry with
respect to total chlorophyll content was observed only in the second year. Growing
agathi in 2 m x 0.5 m geometry (F1G2) recorded higher chlorophyll content and it
was statistically on par with F1G2, F2Gs and FsGi. This might be due to the reason
that enhanced nitrogen availability to the grass from associated leguminous crops

viz., agathi and erythrna and this might have enhanced the translocation of nitrogen



from stem to leaves and boosted the synthesis of chlorophyll and thereby improved
photosynthesis. This finding is in accordance with the observations of Siddiqui et
al. (2020). Moreover, from this study it was clear that the agathi had a very good
canopy stand as compared to the other two top feeds and thus the grass might have
been exposed to more shade. This condition might have enhanced the synthesis of
chlorophyll. According to Valladares and Ninemetes (2008), chlorophyll content
tend to increase with decreasing light exposure in order to increase light harvesting.
This result is also in line with the findings of Chandra et al. (2018) in Sesbania.
5.1.5 Quality analysis

5.1.5.1 Top feeds

The crude protein level of forage is an important factor determining its
quality. Intercropping system helps farmers to exploit the principle of diversity
(Ghosh et al., 2004), and also help to avoid reliance on a single crop. In this study
it was observed that intercropping tree fodders with Bajra Napier hybrid recorded
significantly higher crude protein content than sole cropping in the first year.
However cropping system failed to exhibit any significant effect on crude protein
content in the second year. Intercropping system generally improve nutrient
mineralization and microclimatic condition along with microbial activity.
Furthermore, soil moisture conservation by the associated intercrop might have
enhanced the uptake of water and nutrients from the soil. All these factors may have
directly improved the crude protein content. This result is in accordance with the
findings of Susheela et al. (2015) who noticed significantly higher crude protein
yield when subabul was intercropped with Bajra Napier hybrid as compared to sole
cropping system. The above finding is in agreement with Chauhan et al. (2014) who
reported 55 per cent more crude protein in subabul - Bajra Napier hybrid silvi
pastoral model than the sole grass crop.

Among the three top feeds, significantly more crude protein content was
noticed in agathi followed by Erythrina in both first and second year. Moreover,
agathi recorded 30.54 per cent more crude protein than drumstick, which had the
lowest value. Increased crude protein content of agathi and Erythrina could be

related to their nitrogen fixation capacity and enhanced nutrient uptake, especially



nitrogen. This result is in conformity with Strydhorst et al. (2008) who noticed that
legumes tend to improve the quality and nutritional value of mixed forage due to
their higher protein content.

Jithendra et al. (2013) observed that optimum spacing would help in
efficient utilization of solar energy with less competition for growth factors. In this
study, among the different planting geometry, the crude protein content was
comparable for paired system and 2 m x 0.5 m geometry in the first year. However
growing top feeds at 2 m x 0.5 m recorded higher crude protein content in the second
year. This result is in consistent with the findings of Ram (2009) who stated that
crude protein content of Guinea grass significantly increased in paired row system
of intercropping as compared to its sole stand.

The interaction effect of cropping system and top feeds and cropping system
and planting geometry did not vary significantly in both first and second years.
However significant variation in the interaction between top feed and planting
geometry could be observed in the second year. Growing agathi at geometry of 2 m
x 0.5 m recorded significantly higher crude protein content in the second year. In
this study, it was noticed that nitrogen uptake was higher when top feeds were
grown in paired system of geometry. Since nitrogen is the main constituent of all
amino acids, it might have contributed to crude protein content. The results were in
conformity with the findings of Verma (2012).

Interaction between cropping system, top feeds and planting geometry was
significant only in the second year. Growing agathi as sole crop in 2 mx 0.5 m
geometry (CiF1G2) recorded higher crude protein and it was comparable with
intercropping agathi in 2 m x 1 m (CzF1G1) and 2 m x 0.5 m geometry (C2F1Gz).
This is mainly due to the nitrogen fixation capacity of agathi along with more N
uptake which might have directly improved the crude protein content of the top
feed. Moreover, inclusion of protein rich tree fodders such as agathi at higher
densities along with grasses has definite advantage in increasing the crude protein
content and hence the feeding value of forage which is positively related to milk
production (Varsha et al., 2019).
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The supply of sufficient crude fibre with structural efficiency is important
for both ruminants as well as monogastric animals (Dobos et al., 2019). In this
study, intercropping top feed with Bajra Napier hybrid recorded significantly lower
crude fibre content in the second year. However the crude fibre content failed to
exhibit any significant difference in the first year. From the results it is clear that
legume based intercropping system showed reduced fibre content than sole stand,
thus improving the forage quality by decreasing the amount of fibre in plant tissue.
Similar conclusion was made by Seresinhe and Pathirana (2000) who observed a
reduction in crude fibre content of guinea grass when intercropped with gliricidia.
This result is in accordance with the findings of Mpairwe et al. (2002) and Abbas
(2003) who noticed significantly higher crude fibre content in pure stand as
compared to legumes and grass-legume mixture.

Among the three top feeds in sub plot, agathi recorded significantly lower
crude fibre content in first year and second year. Furthermore, the crude fibre
content did not vary significantly with respect to top feeds in the second year.
However, G recorded higher crude fibre content in first year and it was statistically
on par with 2 m x 0.5 m geometry. According to Ishiaku et al. (2016), crude fibre
content was more in wider spaced Columbus grass (Sorghum almum) and content
increased with advancement in plant spacing and age. This result is in accordance
with Olanite et al. (2010) .

The interaction between cropping system and spacing did not vary
significantly in both years. However, the interaction between cropping system and
spacing varied significantly only in the second year. Intercropping top feed at 2 m
x 0.5 m (C.Gy) recorded higher value and it was statistically on par with C1G1, C2G1
and C»Gs. Regarding the interaction between top feeds and planting geometry,
Erythrina in paired system recorded higher crude fibre content in first year and it
was statistically on par with Erythrina at 2 m x 0.5 m (F2G2). This result is in line
with Hassan et al. (2014).

Interaction between cropping system, top feeds and planting geometry
failed to exhibit any significant influence on crude fibre content of top feeds.
5.1.5.2 Bajra Napier hybrid



The result of the study revealed that intercropping Bajra Napier hybrid with
agathi recorded higher crude protein content in both the years and it was eight per
cent more than drumstick associated grass in first year and that of 12.2 per cent
more in second year. In this study, highest crude protein content was noticed when
grass was intercropped with legumes. This might be due to the fact that legume
based intercropping system may improve soil fertility, nutrient use efficiency,
microbial activity along with better efficiency of resource conversion (Alvey et al.
2003; Ghosh et al., 2017 and Igbal et al., 2018). Moreover, legume based
intercropping systems also improve the absorption of macro and micronutrients
from the soil especially nitrogen, which is essential to produce the necessary
protoplasm and amino acids required for the building of plant tissue and plant
proteins (Li et al. 2003; Crews and Peoples 2004). In this way more nitrogen might
have been becomes available to Bajra Napier hybrid intercropped with leguminous
tree fodders. Crude protein of forages is reportedly influenced by nitrogen
availability and by nitrogen contribution from legumes leading to increased crude
protein content of associated intercrops (Ahmad et al., 2007). Similar findings were
made by Ram and Parihar (2008) in Stylosanthes - beard grass intercropping system
and Chauhan et al. (2014) in subabul + Bajra Napier hybrid inter-cropping system.
This result is also in consistent with the findings of Muinga et al. (1995) who
reported that inclusion of a legume in Napier grass based diet showed an
improvement in animal performance in terms of milk production because of their
high nutrient contents. Sleugh et al. (2000) opined that grass-legumes mixed
cropping is an instrumental tool which improve the crude protein content of the
associated intercrop.

With respect to planting geometry, significantly higher crude protein
content in Bajra Napier hybrid was noticed when top feeds were grown in 2 m x 0.5
m geometry. This is mainly due to more nitrogen uptake under 2 m x 0.5 m
geometry which may have directly made an impact on crude protein content of the
crop. However the F x G interaction was found to be not significant during both the
years.
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The crude fibre content of grasses are generally more than that of legumes.
In this study, crude fibre content of Bajra Napier hybrid was more than leguminous
top feeds ie., agathi and Erythrina. The result revealed that crude fibre content of
Bajra Napier hybrid did not significantly vary with different top feeds in the second
year, whereas highest crude fibre content was observed in Bajra Napier hybrid
grown in drumstick plot during first year. According to Abbas (2003) increased
nitrogen fertilization may decrease the crude fibre content. This might be the reason
for lower crude fibre content in the leguminous crops ie., agathi and Erythrina. This
finding is in agreement with Rekib et al. (1987) who observed that growing of
grasses and legumes together reduced the crude fibre content of the herbage
mixture.

Planting geometry failed to exhibit significant effect on crude fibre content
during both the years. Similarly F x G interaction was also found to be not
significant. This result is in line with the findings of Sharu (2016) in palisade grass
and Velayudham et al. (2011) in Bajra Napier hybrid.

5.1.5 Competitive indices

Land equivalent ratio (LER) is the ideal parameter for evaluating the bio
suitability of intercropping systems (Mead and Willey, 1980). It represents the
relative land area under sole crop to produce same yield as that of intercropping. A
unitary value of LER is the reference value. LER value greater than one indicates
that intercropping is advantageous over sole cropping in terms of growth and yield
of both the species. LER less than one, indicates the negative effect of the
interaction on the species in the mixture (Yayeh et al., 2014). It is used for
determining whether it is more beneficial to go for intercropping than to cultivate
them separately. LER is generally used as a single index for expressing the yield
advantage. The data on mean LER value of two years revealed that intercropping
different top feeds with Bajra Napier hybrid at different planting geometry of top
feeds were more than one. This indicated the advantage of top feed-Bajra Napier
grass intercropping over sole cropping. The results of the study recorded that
intercropping Bajra Napier hybrid with agathi in 2 m x 0.5 m geometry recorded

highest LER value of 2.37, followed by Bajra Napier hybrid- drumstick



intercropping in 2 m x 1 m geometry (2.35). The results of the study also revealed
that drumstick intercropped with Bajra Napier hybrid in paired system of geometry
had the lowest LER. Variation in yield advantage with different crop geometry can
be explained by the fact that intercropping advantage occurs only when each species
has adequate time and space to maximize cooperation and minimize competition
between them. Hence, changing the hierarchies and spatial patterns in plant
populations may influence the productivity of the intercropping system (Yang et
al., 2017). Similarly biological suitability due to higher LER (1.45) recorded in
subabul-sorghum intercropping system by Palled (1985). Similarly Muhammad et
al. (2008) and Yadav and Yadav (2001) also reported yield advantage in crop
mixtures than equivalent sole crops on the same land area.

The competitive ratio (CR) is an important tool to understand the degree
with which one crop competes with the other. Higher CR values for the intercrops
indicated that all the intercrops were more competitive than their respective sole
crops. The present study revealed that CR value was the highest when agathi was
intercropped with Bajra Napier hybrid in paired geometry (3.35) followed by
drumstick in 2 m x 1 m geometry (3.05). However intercropping Bajra Napier
hybrid with Erythrina in 2 m x 0.5 m recorded the lowest CR. These result
suggested that among different tree-grass combinations, agathi- Bajra Napier
hybrid intercropping system proved to be better competitor as compared to other
tree fodders when grown in association with grass. Similar result was also noticed
by Tahir et al. (2003) in wheat-subabul intercropping system.

Aggresivity measures the aggressiveness of one species towards another in
a mixture and their respective land occupancy. The positive value of aggressivity
of top feeds is a reflection of more aggressiveness and high competitive ability,
whereas negative value of Bajra Napier hybrid indicates its inferior competitive
character compared to tree fodders. Greater the numerical value, bigger the
difference in competitive abilities and greater the difference between actual and
expected yields. The data on aggressivity of different treatment combinations
revealed that the highest aggressivity of 1.19 was noticed when drumstick at 2 m x

1 m geometry was intercropped with Bajra Napier hybrid followed by agathi in 2



m X 0.5 m geometry (1.10). The performance of different top feeds in a mixture
vary in their ability to extract available resources. Higher aggressivity of drumstick
indicated it as a dominant crop and a superior competitor in the fodder tree-grass
combination. Thus in a low input system, this intercropping combination can be
introduced as an alternative to sole crop of Bajra Napier hybrid grass. More
aggressiveness of legumes in grass-legume mixture combination was also reported
by Baba et al. (2011). The result also revealed that the lowest aggressivity of 0.20
was noticed when Erythrina of 2 m x 0.5 m geometry was intercropped with Bajra
Napier hybrid. This may be due to the poor performance of Erythrina over the other
two tree fodders. Moreover, the results of the data further indicated that the
component crops did not compete equally. Regardless of the intercropping systems,
the positive sign for the main crops (tree fodder) indicated the dominance of top
feeds over the intercrops. However negative sign for intercrops indicated that Bajra
Napier hybrid were dominated by tree fodders. Similar result was also noticed by
Nasreen (2018) in legume-grass intercropping system.

Crowding effect is one of the indices used in computing the competition
effect of intercropping. It gives measure of the relative dominance of one species
over the other in multiple cropping (Banik et al., 2006). Each of the species within
an intercropping has its own relative crowding coefficient (RCC) and the one with
higher value is said to be more dominant (De Wit, 1960). RCC indicates whether a
species of crop, when grown in mixed population produced more or less yield than
expected in pure stand. If the component has a coefficient less than, equal to or
greater than one, it means that it has produced less yield, the same yield or more
yield than expected. It can be inferred that intercropping Erythrina with Bajra
Napier hybrid was more compatible as the RCC value of both the component crops
were more than one, which might be due to better utilization of resources by the
component crops. This finding was in line with the findings of Yilmaz et al. (2008)
who reported that legumes become more competitive than the cereals when planted
in equal proportions. The result of the study also revealed that higher RCC value
was noticed when Erythrina was intercropped with Bajra Napier hybrid in2 m x 1

m geometry (F2G1) followed by F.G>. However the lowest value of -0.70 was



observed when drumstick was intercropped in paired system. Similar findings were
also reported by Innazent et al. (2019).

Area time equivalent ratio (ATER) provides more realistic comparison of
the yield advantage of intercropping over sole cropping in terms of variation in time
taken by the component crops of different intercropping systems. Among different
treatment combinations, highest mean ATER value of 2.37 was observed when
agathi was intercropped with Bajra Napier hybrid in 2 m x 0.5 m geometry (F1G>)
followed by F3G1 (2.35). However the lowest mean ATER value of 1.07 was noticed
when drumstick was intercropped with Bajra Napier hybrid in paired system (1.07).
While calculating LER, the duration of field, dedicated to production is not
considered. This was made up by calculating ATER, which consider the land
occupancy period of the crop,that is the utilization of area and time by crops in the
intercropping system. In this study, land occupancy period of both top feeds and
Bajra Napier hybrid were 365 days. This is because both component crops were
perennial. Hence it was observed that ATER value was equal to LER value. Higher
value of ATER value indicate better combined intercrop yield and temporal
difference which existed between the crops. This result is corroborated with the
findings of Khan and Khalig (2004) in cotton- cowpea intercropping system and
Awal et al. (2007) in barley-peanut intercropping system.

The economic feasibility of intercropping over sole cropping was calculated
using the monetary advantage index (MAI). It is an important index in determining
economic viability of intercropping. In this study, the least MAI (42166) was
obtained in Erythrina- Bajra Napier hybrid intercropping system in paired geometry
(F2G3). Whereas, the highest MAI (15892) was noticed when agathi was
intercropped with Bajra Napier hybrid in 2 m x 0.5 m geometry (F1G2). These
results also support the findings of Ghosh (2004) who found that when the LER and
RCC were higher, there was significant economic benefit expressed in terms of
higher MAI, indicating that the system is more profitable. The result of the study
also showed that MAI, was positive in all the intercropping systems and
numerically greater than one. This indicated that the intercropping systems were

more economically feasible as compared to sole cropping. Similar results was



noticed by Dutta et al. (1994) in maize-rape seed combinations. These results
followed a similar trend as the LER and ATER. Dhima et al. (2007) reported that
when LER value was higher, there is economic advantage in terms of MAL.
Intercropping lupine-wheat and lupine finger millet also gave more economic
returns compared to sole cropping (Yayeh et al., 2014).

5.1.6 Nutrient uptake

5.1.6.1 Top feeds

Nutrient uptake and nutrient use efficiency are the two important factors that
determines the crop nutrition and it is the biological basis of increase in crop yield
(Chowdhury et al., 1994). The result of the study revealed that intercropping top
feeds with Bajra Napier hybrid recorded significantly higher uptake of nitrogen and
potassium by the top feeds during both the years. However cropping system failed
to exhibit significant effect on phosphorus uptake. From the study it was also
evident that intercropping recorded 13.8 per cent more N uptake during first year
and 9.37 per cent more in the second year. Similarly, intercropping also recorded
an increased K uptake of 30.20 per cent and 33.38 per cent respectively in first and
second years. Higher nutrient uptake of tree-grass intercropping system might be
due to higher litter inputs, higher soil moisture levels and lower soil and air
temperature due to the associated grass species. This result is in agreement with the
findings of Foster et al. (2014) who observed higher nutrient content in legume-
grass intercropping plots than that in sole cropping system. Similar were the finding
of Fan et al. (2020) in soybean-maize intercropping system.

Regarding the effect of different top feeds, agathi recorded maximum
uptake of N, P and K during first and second year. Moreover, P uptake of agathi
was comparable to drumstick in the second year. It was noticed that agathi recorded
114.30 per cent more nitrogen, 80.91 per cent more phosphorus and 81.58 per cent
more potassium than that of Erythrina, which recorded lowest N, P and K uptake
during both the years. Highest P uptake by agathi could be explained by its
extensive root system. Since phosphorus is immobile in soil, it will get absorbed

only when roots come in contact with organic or inorganic materials containing



available forms of the element (Wahua, 1983). In the root study of top feeds, it was
clearly revealed that agathi possessed extensive root system than Erythrina and
drumstick. Hence it could have taken P more effectively than the other top feeds.
Similar findings were also made by Zhang et al. (2016) in broad bean-maize
intercropping system. Moreover, good canopy stand of agathi might have positively
influenced the nutrient uptake by reducing solar radiation reaching the soil surface
and by lowering the soil temperature (Sennhenn et al., 2017).

From the present study it is also evident that similar to cropping system,
planting geometry of the top feeds also had significant influence on nutrient uptake.
Among the three different planting geometry of top feeds, growing top feeds in 2
m x 0.5 m recorded significantly more nitrogen and potassium uptake during both
the years. The same treatment exhibited significantly higher P uptake during second
year, whereas it was not significant in the first year. Mushagalusa et al. (2008) and
Gitari et al. (2018) noticed that canopy cover had a key role in controlling nutrient
uptake of the crop. In this study, narrowing the top feed spacing might have
increased the plant density and canopy cover. According to Sennhenn et al. (2017),
increased canopy cover could reduce the solar radiation reaching the soil surface
which lowers the soil temperature. Moreover, increased canopy cover could also
improve nitrogen and phosphorus solubilization and reduce their loss (Gitari et al.,
2018).These conditions might have improved the nutrient uptake by top feed and
grass. Similar conclusion was also made by Jiang et al. (2013) in maize.

Regarding the interaction between cropping system and top feeds, agathi
intercropped with Bajra Napier hybrid (C2F1) recorded significantly higher nitrogen
and potassium uptake in both first year and second year. Even though similar
treatment combination recorded more phosphorus uptake in the first year,
intercropping drumstick with Bajra Napier hybrid (C2F3) was superior in the second
year and it was on par with CzF1 and CiF1. This result is in consistent with the
findings of Crews and Peoples (2004) who opined that legume based intercropping
systems improved the absorption of macro and micronutrients from the soil along
with improved nutrient use efficiency. Moreover, agathi is a leguminous crop which

might have added more nitrogen in the soil through nitrogen fixation.



Nitrogen uptake by top feeds failed to exhibit significant difference with
respect to the interaction between cropping system and planting geometry in the
first year. Nevertheless, intercropping top feed in 2 m x 0.5 m geometry (C2Gz)
recorded higher values in the second year and it was found to be on par with C2Gs
and C1G». Regarding potassium uptake, intercropping top feeds in 2 m x 0.5 m
(C2G2) geometry recorded higher values. Whereas phosphorus uptake did not vary
significantly with respect to cropping system and planting geometry in both the
years. In this study, intercropping narrow spaced trees with grass improved nutrient
uptake mainly due to higher litter inputs from both tree and grass, effective soil and
water conservation, lower soil temperature and higher shading effect. All these
features directly or indirectly improved nutrient uptake by the top feeds. Similar
finding was also reported by Raza et al. (2019) in soybean-maize intercropping
system.

The result also revealed that the interaction between top feeds and planting
geometry had significant influence on the N uptake of top feeds and growing agathi
in 2 m x 0.5 m geometry (F1G2) recorded higher uptake in both first and second
years. Likewise K uptake has also showed a significant difference and growing
agathi in 2 m x 0.5 m geometry (F1G>) recorded higher values. However phosphorus
uptake failed to differ significantly. This result is in conformity with
Pragatheeswaran et al. (2021) who observed that significantly higher N,P and K
uptake in sunflower when it was grown at narrow spacing of 60 cm x 30 cm than
wider spacing of 120 cm x 30 cm. This result is in consistent with the finding of
Kumar et al. (2011).

The interaction between cropping system, top feed and planting geometry
had influence on nitrogen and potassium uptake of top feeds. Intercropping Bajra
Napier hybrid with agathi in 2 m x 0.5 m geometry (C2F1G2) recorded maximum N
and K uptake in first and second years. However N uptake of C.F:1G. was
comparable to intercropping grass with agathi in paired system of geometry
(C2F1G3). This was mainly due to narrow spacing with improved canopy stand of
agathi which might have decreased the solar radiation reaching the ground.

Moreover, extensive root system of agathi would have effectively absorbed water



and soil nutrients from deeper layers. All these factors along with nitrogen fixing
capacity of agathi might have improved the nutrient uptake from the soil.
5.1.6.2 Bajra Napier hybrid

The result revealed that different top feeds had no significant effect on
nitrogen uptake of Bajra Napier hybrid. However growing grass along with
Erythrina recorded higher phosphorus uptake in the second year. Similarly agathi-
grass combination was recorded the highest potassium uptake by grass during both
the years and in the second year it was statistically on par when intercropped with
Erythrina. This is mainly because of the fact that tree component in the tree-grass
system might have improved the nutrient availability to the associated grass species.
The tree component of an agroforestry system has various advantages like reduction
of nutrient losses due to extensive root network (Bergeron et al., 2011; Kumar and
Jose 2018), increase nutrient content through nitrogen fixation and uplift deep soil
nutrients (Pierret et al. 2016) and modification of the morphological and chemical
processes at the rhizosphere through root plasticity and activity (Munroe et al.,
2015; Borden et al., 2019). These findings are in consistent with the observations
of Gulwa et al. (2017) who reported that macronutrient concentrations in grasses
harvested from the grass-legume mixture plots was significantly higher in
comparison to those harvested from the control plots.

Considering different planting geometry of top feeds, uptake of nitrogen,
phosphorus and potassium were comparable in2 m x 0.5mand 2 m x 1 m planting
geometry during first and second years. In the root study of grass, extensive root
system of Bajra Napier hybrid was noticed when trees were grown at narrow
spacing of 2 m x 0.5 m. Furthermore, closer spacing of trees might have modified
the soil microclimate. All these factors might have contributed to increased uptake
of nitrogen, phosphorus and potassium.

The result also revealed that F x G interaction effect on nitrogen uptake of
Bajra Napier hybrid was not significant. Regarding phosphorus uptake, growing
Bajra Napier hybrid along with Erythrina in 2 m x 1 m geometry (F.G1) recorded
maximum P uptake in both the years and it was on par with that of F1G2 and F.Go.



Interaction between top feeds and planting geometry significantly varied in first
year and significantly higher K uptake was noticed when agathi in 2 m x 1 m
geometry was intercropped with Bajra Napier hybrid (F1Gi1). However the
interaction effect was not significant during second year.
5.1.7 Carbon sequestration potential of the system

Carbon dioxide is one of the major greenhouse gas and its concentration in
the atmosphere is believed to be accelerated by human activities such as burning of
fossil fuels and deforestation (Solomon et al., 2007). In this context, carbon
sequestration is an approach by which carbon dioxide can be removed from
atmosphere and stored in long lived pools of carbon, which include the above
ground biomass, below ground biomass such as roots, soil microorganisms, and the
relatively stable forms of organic and inorganic C in soils and deeper subsurface
environments (Nair et al., 2009). Hence carbon sequestration by the plants paves a
way to mitigate the climate change. It has been increasingly recognized that
agroforestry practices such as silvi pastoral system has much importance in
mitigating climate change effect because of high carbon storage potential (Nair and
Nair 2003). The result of the study revealed that intercropping top feeds with Bajra
Napier hybrid sequestered more carbon than top feeds when grown as sole crop,
which sequestered around 62 per cent less carbon than intercropping system. The
findings of Kumar et al. (1998) supports this study. They found that average carbon
sequestration potential of silvi pastoral system in Kerala was around 6.55 t ha™ yr-
1. Another study by Meenakshi et al. (2012) observed that Bajra Napier hybrid had
higher carbon sequestration capacity than other fodder crops like hedge lucerne,
fodder cowpea and fodder maize. Moreover, Kirby and Potvin (2007) reported that
carbon sequestration potential of agroforestry system was several times higher than
pastures or field crops. Hence incorporating trees along with pastures and crops
would result in greater net aboveground and belowground carbon sequestration
(Palm et al., 2004; Haile et al., 2008).

According to Malhi et al. (2008), tree component of silvipastural system has
an important role in capture and storage of atmospheric CO2 in soil and vegetation.

In this study, among the three fodder trees, the carbon sequestration potential of



agathi was significantly higher as compared to other two tree fodders. The results
of the study clearly showed that agathi sequestered around five per cent more
carbon respectively in the first and second year than Erythrina which sequestered
less carbon during both the years. According to Nair et al. (2009), carbon
sequestration by the plants is the function of their dry biomass production and tissue
carbon concentration. In this study, it is clearly evident that agathi based silvi
pastoral system produced higher dry matter content in terms of foliage yield than
other two top feeds due to high suitability of agathi in the study area, which further
improved the canopy stand and in turn carbon sequestration. Similar finding was
made by Yucesan et al. (2019) who observed a linear correlation between canopy
density and total carbon stock of the system. This result is in line with the
observations of Thomas et al. (2021) who found that growing BN hybrid with
agathi recorded higher carbon sequestration potential than Bajra Napier hybrid -
desmanthus system.

Carbon sequestration potential of the system depends on a number of factors
such as land use types, component crop, age of crop, cropping pattern and
management practices (Nair et al., 2009). Present study revealed that planting
geometry had significant role in carbon sequestration potential of the system.
Growing top feeds in a narrow spacing of 2 m x 0.5 m (G.) recorded higher carbon
sequestration by the system in first and second year. This result is in line with the
findings of Varsha et al. (2019), who found that silvi pastoral systems with higher
tree densities and high yielding grass species such as Bajra Napier hybrid with good
management practice have higher potential to capture atmospheric carbon than
traditional silvi pastoral system with widely spaced trees with natural grasses
beneath them. This is mainly because of the fact that increased plant density directly
relates to total dry matter production, which is a function of carbon sequestration
potential of the system.

The interaction between cropping system and top feeds significantly varied
with respect to carbon sequestration potential of the system and higher value was
recorded in CoF1 in both the years (Fig. 8a). However considering the interaction

between cropping system and planting geometry, intercropping top feeds with Bajra



Napier hybrid at a narrow spacing of 2 m x 0.5 m (C>Gy) recorded significantly
higher carbon sequestration potential in both the years (Fig. 8b). This study is also
supported by the findings of Erkan and Aydin (2016) in Pinus brutia plantations.
Regarding the interaction between top feeds and planting geometry, growing agathi
in 2 m x 0.5 m spacing faired with more carbon sequestration potential (Fig. 8c).
Increased plant density along with the fast and vigorous growth of agathi attributed
to high dry matter production which further enhanced the carbon sequestration
potential of the tree. Similar finding have been reported by Kaul et al (2009) and
Dhillon et al. (2018) who opined that amount of carbon sequestered by a silvi
pastoral system is largely dependent on the geometry of perennial component in an
agroforestry system and the study evinced that carbon stocks contribution of woody
perennials is higher in systems involving closer spacing.

Significant interaction between cropping system, top feeds and planting
geometry was noticed in carbon sequestration potential of the system in both the
years (Fig. 8d). Intercropping Bajra Napier hybrid with closely planted top feeds
(C2F1G2) recorded significantly higher carbon sequestration in first and second year.
This result is in consistent with the finding of Thomas et al. (2021) who revealed
that legume-grass mixture with high yielding grass species had higher potential to
capture carbon than sole planting. Similar finding was also noticed by Cuartas et al.
(2014) in subabul based silvi pastoral system and Fang et al. (2010) in poplar based
intercropping system.

5.1.8 Nutrient status of the soil after the experiment

The result of the study revealed that soil organic carbon content after the
experiment failed to exhibit significant difference with respect to cropping system
and planting geometry of top feeds. However among the different top feeds highest
organic carbon content was noticed in agathi and it was found to be on par with
Erythrina. Considering the interaction between cropping system and top feeds,
intercropping Bajra Napier hybrid with agathi (C2F1) recorded higher soil organic
carbon content and it was statistically on par with intercropping Bajra Napier hybrid
with Erythrina and drumstick (C2F2 and CzF3). According to Singh et al. (1997),

the organic carbon content of soil is higher for tree based system than crop based



systems. Hence higher organic carbon content in agathi+ Bajra Napier hybrid may
be ascribed to the large addition of organic matter in the form of litter fall (Moreno
et al. 2007). Moreover, root study of top feeds also revealed higher root biomass in
agathi. This also improve soil organic carbon content along with tree
rhizodeposition (Pausch et al., 2013).The present study also showed that carbon
sequestration potential of agathi was more than other two top feeds. Hence a part of
the carbon sequestered might have been stored in the soil pool (Nair et al., 2009).
Whereas interaction between cropping system and planting geometry and top feed
and planting geometry were found to be not significant with respect to organic
carbon content. Regarding the interaction between cropping system, top feeds and
planting geometry, higher organic carbon was noticed by BN hybrid + agathi in 2
m x 0.5 m planting geometry (C2F1G>) and it was found to be on par with C1F2Gy,
CiF3G2, CiF3G2, CiFsGs, C1F1Ga, CoF2Gs, CoF3Gi and CoF3Go. Narrow spacing
improve plant density and it may add more organic matter to the soil through litter
fall. Further closely spaced plant reduce the solar radiation incidence on the ground,
which further lower soil temperature. All these features attributed to increased soil
organic matter content (Sreekanth et al., 2013).

The results on the chemical analysis of the soil after the experiment revealed
that treatments involving cropping system, top feeds and planting geometry failed
to exhibit any significant difference with respect to pH and electrical conductivity

of the soil after the experiment. Similarly, interactions were also not significant.
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The available nitrogen content of the soil after the experiment was observed
to increase as compared to soil nitrogen content before the experiment. However it
was found to be not significant with respect to cropping system, top feeds, planting
geometry and the interaction among them. The main reason for the improvement of
soil nitrogen after the experiment might be due to the beneficial effect of legumes
in contributing nitrogen to the soil through atmospheric nitrogen fixation, decay of
dead root nodules and mineralization of shed leaves is well documented (Seresinhe
et al., 1994).This result is in conformity with the findings of Vliegher and Carlier
(2008) who noticed that inclusion of legumes in a pasture increases the levels of
nitrate residue in the soil.

However phosphorus and potassium content of the soil after the experiment
differed significantly with respect to cropping system. Sole cropping recorded
higher value. In this study lower uptake of P and K was noticed in sole cropping
system. As a result more nutrients might have been retained in the soil. Among the
different top feeds, the plot were Erythrina was grown recorded significantly higher
P and K content in soil after the experiment. The result can be well explained by
the fact that selected study area was not well suited for the growth of Erythrina,
which recorded lowest forage yield and less uptake of nutrients. Subsequently more
nutrients might have been retained in the soil after the experiment. Furthermore, P
content in the soil differed significantly with respect to planting geometry and 2 m
x 1 m geometry recorded higher value. However K content was not significant.

Regarding the interaction effects between cropping system and planting
geometry, cropping system and geometry and top feeds and planting geometry, the
available P content was not significant. However K content in soil after the
experiment were comparable for C1G2 and C1Gs. This result is in agreement with
the findings of Nasreen (2018) who found that narrow spacing having high plant
population retained more nutrients in soil after the experiment. Moreover, F.Gs
showed higher potassium content in soil after the experiment and it was found to be
on par with F3G2 and F2G1. The result of the study also revealed that available N, P
and K content in the soil after the experiment failed to vary significantly in response

to the interaction between cropping system, top feeds and planting geometry. This



result is in conformity with the findings of Montagnini and Nair (2004) who opined
that including trees in pasture as it improve the soil nutrient cycling, cut down soil
and water runoff, mitigate climate change via carbon sequestration and increased
ecological connectivity. However the interaction between cropping system, top
feeds and planting geometry was found to be not significant with respect to the
available potassium content in the soil after the experiment. In this study good crop
stand was noticed in agathi as compared to Erythrina and drumstick and as a result
more nutrient might have been removed by agathi. This is mainly because quick
growing trees and grasses may actively withdraw soil nutrient reserves, especially
during the early phase of growth (Kumar et al., 1998). Hence more nutrient content
in soil after experiment was noticed in Erythrina and drumstick. This result is in
consistent with the findings of Anita (2014) in grass-legume intercropping.
Moreover, higher nutrient uptake was noticed in intercropping system, hence more
nutrient content in soil after the experiment was noticed in sole cropping system.
5.1.9 Economics

The result of the study revealed that highest economic return in terms of net
income and B:C ratio were noticed when Bajra Napier hybrid was intercropped with
agathi at 2 m x 0.5 m planting geometry (C2F1G>), followed by intercropping Bajra
Napier hybrid with agathi in 2 m x 1 m planting geometry (C2F1G1) (Fig. 9). The
result of the study also revealed that all the intercropped treatments had B: C ratio
of more than two indicating better economics of intercropping top feeds with Bajra
Napier hybrid. In forage production, profitability has utmost importance and
intercropping fodder trees with grass has been proved to improve the economic
returns. Similar results were also documented by Place et al. (2009) who reported
that introduction of fodder trees with grass in small holder farms in African
countries like Uganda and Kenya improved the net income of small scale dairy
farmers. Moreover, Thomas et al. (2016) also concluded that intercropping Bajra
Napier hybrid with banana improved net profit. Similarly Susheela et al. (2015)
also found higher B:C ratio when Bajra Napier hybrid intercropped with subabul
and desmanthus. However sole cropping Erythrina at 2 m x 1 m geometry (C1F2G1)



resulted in the lowest net income and B: C ratio. This might be due to the lower
adaptability of Erythrina in studied area.

The results of the present study also documented that integration of top feeds
with Bajra Napier hybrid had a favourable effect on the overall fodder production.
Among the three top feeds, growing agathi was more economical in the study area.
This can be explained by the better climatic adaptation of agathi along with lesser
incidence of pests and diseases. However Erythrina in the experimental area was
heavily attacked by gall wasp, which in turn drastically reduced the foliage yield.
Planting geometry is another important factor that determined the economics of the
system. In this study narrow spacing of 2 m x 0.5 m recorded higher green and dry
fodder yield, which in turn increased the net return and B: C ratio. Higher foliage
yield of narrow spaced crop might have directly improved the economic return from
the system. This finding is in consistent with the observations of Thakur et al.
(2015) and Keerthi et al. (2015).
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5.2 EXPERIMENT II: QUALITY ASSESSMENT OF PREDOMINANT
FODDER TREES AND SHRUBS OF SOUTHERN KERALA FOR FEED
QUALITY

5.2.1 Proximate analysis of tree fodders

Proximate composition and fibre fraction analysis are two important factors
that determine the quality of fodder trees and shrubs. The proximate composition

of different tree fodder leaves are indicated in Fig. 10.

The results of the study indicated that the dry matter content of selected tree
fodders varied from 22.5 per cent (Glyricidia maculata) to 66.14 per cent (Cocos
nucifera). The Crude Protein (CP) content of fodder tree leaves varied from 11.91-
25.24 per cent. The highest CP was observed for Sesbania grandiflora (25.24%)
followed by Leucaena leucocephala (24.42%) and Musa acuminata recorded the
lowest value (11.91%).These results were in line with the findings of Gaikwad et
al. (2017). The variation in CP among different tree leaves may be due to
differential protein accumulation in the leaves during different stages of the growth
of leaves. Similar results were noticed by Chandra and Mali (2014) and Cheema et
al. (2014).

Alam and Djajanigra (1994) opined that a feed with less than 10 per cent
CP may adversely affect the rumen degradation. However, in the present study, CP
value of all tree leaves were found to be more than 10 per cent and it indicated that
these leaves are potential source of protein and can be used as a good protein
supplement to cattle by substituting costly concentrate protein supplying feed stuff
like groundnut oil cake, gingelly oil cake and alike (Chithra, 2018).

Among the ten selected tree fodders, highest crude fat (ether extract) content
was observed in Drumstick oleifera (7.39%) followed by Manihot esculenta
(6.79%). However the lowest value was noticed in Ailanthus triphysa (2.83%) and
Cocos nucifera (2.98%). These results were in agreement with the findings of
Gunasekaran et al. (2017). Furthermore,crude fiber content in the sample varied
from 8.43 to 30 per cent. The lowest crude fibre content was in Sesbania grandiflora

and the highest value was observed in Cocos nucifera (30%). Since high CP and



low fibre content make the best feed for cattle, in this study it was revealed that
Sesbania grandiflora (agathi) is nutritionally superior to other tree fodders with
high CP (25.24%) and lower CF (8.43%) content.

Present study showed that the total ash content of the selected fodder leaf
sample varied from 5.27 to 12.78 per cent, with a mean value of 8.72+0.66 per cent.
The highest ash content was observed in Moringa oleifera (12.78%) followed by
Mangifera indica (10.38%) and Manihot esculenta (9.23%). The Nitrogen Free
Extract (NFE) of the sample determines the soluble carbohydrates and other
digestible and easily utilizable non-nitrogenous substances in the feed. In this study,
it was noticed that mean NFE content of sample varied as 45.96+2.70 per cent.
However, highest value was noted in Ailanthus triphysa (64.72%) and the lowest
for Moringa oleifera (36.36%). The results on the chemical composition top feeds
leaves revealed that the values obtained in the present study are in general
agreement with those reported by other workers in this regard (Reid and Thomas,
1973; Gomez and Valdivieso, 1985; Ally and Kunjikutty, 2000).

Ruminants such as cattle, goat and sheep have a specialised digestive system
in which the stomach is compartmentalized into four sections, which enables them
to regurgitate their cud. The CF analysis is a good indicator for predicting
nutritional worth of fibrous feed resources, because the intake and digestibility of
forages is largely influenced by the fibre content especially Neutral Detergent Fibre
(NDF) and Acid Detergent Fiber (ADF) (Harper and McNeill, 2015). NDF value is
a good indicator of the bulkiness of forage and can be used to calculate the amount
of forage intake by the animal. Increase in NDF value generally decreases the dry
matter intake by the animals. Whereas ADF content of fodder leaves indicates the
potential production of energy. High ADF content in a feed indicates a reduced
energy, i.e., reduced quality (Chithra, 2018).

The present study therefore revealed that the NDF value of fodder tree
leaves varied from 17.34 to 65.32 per cent (Table 18). The highest NDF value was
observed in Musa acuminata (65.32%) followed by Cocos nucifera (63.09%) and
Erythrina indica (49.14%). The lowest value was noticed in Ailanthus triphysa



(17.34%). Fodder with low NDF content generally has higher ruminant feed
intakes, higher production performance and rumen health, thus low NDF value is
desired (Harper and McNeill, 2015). The present study also showed that Cocos
nucifera has higher ADF content of 48.69 per cent, followed by Musa acuminata
(37.72%). Whereas the lowest content of ADF was observed in Sesbania
grandiflora (11.10%).Since ADF values are inversely related to digestibility,
forages with low ADF concentrations are usually higher in energy (Chali et
al.,2018).

5.2.2 Mineral status of tree fodders

Minerals play a dynamic role in normal growth, reproduction and proper
functioning of the animal's body including protection and maintenance of the
structural components of the body, organs, tissues and also as constituents of body
fluids. Low quality forages contain reduced amount of macro and micro minerals
and thus their utilization could adversely affect rumen microbial growth and
activity, leading to lowered feed digestibility (Kumar and Soni, 2014). Minerals
have an indispensable role in the metabolism of enzymes, hormones and vitamins.
Moreover,macro nutrients like calcium (Ca) and phosphorus (P) works conjointly
and have important role in bone development. Apart from this, Ca has a crucial role
in muscle function whereas P regulates the metabolic function throughout the body.
Magnesium has an inevitable role in nervous system function and carbohydrate
metabolism and potassium regulates osmotic pressure and transport nutrients in and
out of cells.

The mineral status of feeds and fodder mainly depends upon the cropping
pattern, soil type, rainfall and feeding system of that particular region of the country
(Bhanderi et al., 2014). In India, these above mentioned parameters also vary with
different agro-climatic zones. Thus, deficiency and surplus of a particular mineral
is area specific (Garg et al., 2005).The macro mineral status (P, K, Ca and Mg) of
the selected fodder tree leaves are given in the table 18. It was observed that highest
phosphorus (P) content was found in Leucaena leucocephala (0.93%) followed by
Erythrina indica (0.91%) and Manihot esculenta (0.88%) (Fig.11).Whereas the



lowest P status was found in Cocos nucifera (0.49%). Potassium status of all the
top feed come under the range of 1.0 to 2.70 per cent with highest value noticed in
Musa acuminata (2.70%) followed by Moringa oleifera (2.55 %) and Sesbania
grandiflora (2.45%). However highest Calcium (Ca) and magnesium (Mg) were
found in Moringa oleifera (2.75% and 0.60% respectively).Higher levels of Mg
resulted in a significant decrease in the Ca: Mg ratio and higher levels of Ca, will
lower the K:Ca ratio in the plant. Hence, in this study, highest Ca: Mg ratio was
found in Leucaena leucocephala (5.61) followed by Cocos nucifera (5.50). Even
though Musa acuminata showed lowest Ca : Mg ratio (2.27),but it exhibited highest
K:Ca ratio of 2.48. These results were in line with the findings of Bhanderi et al.,
2014; Mondal et al., 2016 and Gaikwad et al., 2017.

Fodder trees and shrubs represent an enormous potential source of energy,
fats, proteins, minerals and vitamins for livestock. Among these sources,
micronutrients play an important role in plant metabolism starting from cell
formation, cell wall development, chlorophyll formation, respiration,
photosynthesis, enzyme activity and nitrogen fixation. Micronutrients are otherwise
known as trace elements as it is required in extremely small quantities to the crops
and livestock; however, it does not decrease its importance in cattle health. The
deficiency of any of the micronutrient may cause problems in forage quality and

health disorders in livestock.

The results of the study showed that the highest Fe content among tree trees
was noticed in Leucaena leucocephala (222.14 mg kg?) followed by Musa
acuminata (202.98 mg kg?). These results were in general agreement with those
reported by Pugalenthi et al. (2004) and Fasuyi, (2005). The lowest Fe content was
noticed in Moringa oleifera (58.11 mg kg?). This finding was in line with the
reports of Singh and Banu (2014), who reported that Fe content in drumstick, comes
under three categories viz., low, medium and high. Among these three categories,
drumstick with low Fe category was observed in India (3 to57 mg kg™?).

Zinc (Zn) plays an active role in various metabolic activities including the

synthesis of certain proteins, carbohydrate and chlorophyll. Apart from these



functions, the presence of Zn in plant tissue will help to withstand cold temperature
and has an essential role in the formation of auxin, which helps in growth regulation
and stem elongation. Present study revealed that zinc content of the selected tree
leaves varied from 7.64 mg kg™ to 40.44 mg kg™ (Table 19).The highest Zn content
was observed in Musa acuminata (40.44 mg kg?) followed by in Seshania
grandiflora (35.34 mg kg'). Among all the ten different tree leaves, lowest Zn
content was noticed in Ailanthus triphysa (7.64 mg kg™). However these values
seem to be lower as compared to an earlier report in the same crops (Pugalenthi et
al., 2004).



70
60
50
4
3
2
1

o O o o o

Proximate composition (%o)

mnm

mDM mCP mEE = CF mTotal Ash =NFE

Fig. 10. Proximate composition of predominant fodder crops and shrubs of
southern Kerala, per cent

3
2.5
S
5
= 15
3
T 1
e
S 0.5
0

dl.n.ul i

T9 TI10

mP ©K mCa mMg

Fig. 11. Mineral content in predominant fodder crops and shrubs of southern

Kerala, per cent




5.2.3 Anti-nutritional factors in tree fodders

The utility of the leaves, twigs and pods of trees and shrubs as an animal
feed is sometimes limited by the presence of certain substances which are produced
in plants by different mechanisms and it adversely affects the optimum nutrition.
Such substances are known as anti-nutritional factors. These factors either directly
or indirectly interfere with the feed utilization or adversely affect the normal health
and development of animals. It may negatively affect the nutrient intake, digestion,
absorption and utilization. The major anti-nutritional factors found in plants are
nitrate, oxalate, mimosine, tannin, saponins and sinogen. Among these anti
nutritional factors, nitrate and oxalate contents in ten different top feeds are
analysed in this study.

Nitrogen can be taken up by the plants in the form of nitrate from the soil
and transported into the leaves. Under stressed condition, there is a chance of nitrate
accumulation in plants. The major nitrate accumulating fodders are sudan grass,
pearl millet and oats (Singh et al., 2000).Under normal condition, plant nitrate will
be converted into amino acid and protein, but higher accumulation of nitrates in
animal body may lead to direct absorption through rumen wall to the blood streams,
which converts the haemoglobin in the blood to methamoglobin. This compound
methamoglobin cannot carry oxygen and thus blood turns to chocolate brown
colour (Kumar et al., 2017).Nitrate poisoning is more prevalently found in sheep
and cattle (Neale, 2006).

Among selected fodder trees, it was observed that both Sesbania grandiflora
and Gliricidia maculata had negligible amount of nitrate. Remaining all tree
fodders have nitrate ranging from 0.08 mg kg (Manihot esculenta) to 9.26 mg kg
! (Ailanthus triphysa ) with an average of 2.72+1.02mg kg™*. The nitrate content in
fodder at a range of 0-1000mg kg™is considered as safe to feed cattle under all
conditions (Andrae, 2008). The present study was in agreement with the findings
of Kumar et al. (2017), where he observed that the nitrate accumulation is more
likely to be found in annual forages than in perennial fodder. Hence the entire tree
fodders taken up for the study were safe in terms of nitrate content.



Oxalate is an important anti-nutrient that is found sufficiently in large
quantities in several fodder crops which may negatively affect the normal growth
and development of animals. Soluble oxalate can easily bind with blood calcium to
form insoluble calcium oxalate, reducing calcium absorption. This further cause an
imbalance in absorbed calcium: phosphorus ratio, resulting in mobilization of bone
minerals to alleviate hypocalcaemia. This prolonged mobilization may further lead
to osteodystrophy fibrosa (Rahman and Kawamura, 2011).

The present investigation showed that the oxalate content in tree leaves
ranged from 1.43 per cent to 2.97 per cent (Table 19). The least oxalate content was
observed in Sesbania grandiflora (1.43%) whereas both Musa acuminata and
Cocos nucifera have recorded highest oxalate content of 2.97 per cent. Rahman et
al. (2013) suggested that more than 2 per cent of soluble oxalate in fodder crops
may be harmful to the ruminants and fodder with 7-16.6 per cent of oxalate may
cause acute poison and death  (El-Khodery et al., 2008). In the present study all
the fodder trees except Sesbania grandiflora had oxalate content more than 2 per
cent, consequently feeding ruminants solely with these top feeds might produce
hypocalcaemia (Rahman et al., 2013). Apart from these two anti-nutrients, there are
many other ant nutritional factors present in tree fodders which may adversely affect
the health of animals. Mimosine, a non protein amino acid present in subabul in
which the level of mimosine in the leaf is about 2-6 per cent and varies depending
on season and maturity of leaf and stem (Fowomola, 2010). In non-ruminants
mimosine toxicity cause alopecia, eye cataracts, poor growth and reproductive
problems. More than 5-10 per cent of subabul meal of the diet for poultry, rabbit
and swine generally result in poor growth, reproduction and performance.
Moreover, mango leaves containing high levels of mangiferin, a phenolic
compound which may cause poison to cattle if mango leaves are fed in large
amounts (Orwa et al., 2009). Furthermore, cassava leaves have some anti-
nutritional factors like cyanide, phytate and tannin and these substances may
interfere the digestibility and uptake of the nutrients and may cause adverse effect
to other metabolic process in animals (Ly et al., 2002).
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6. SUMMARY

The investigation entitled ‘Performance and carbon sequestration
potential of top feedsunder varied planting geometry was carried out as two
experiments from 2019 to 2021 to standardize the optimum plant population for
higher green forage yield, quality and carbon sequestration potential and to assess
the performance for different plant species as top feeds under sole and
intercropping system. The study also envisaged to assess the quality of

predominant fodder trees and shrubs of southern Kerala.

Field experiment I entitled ‘Performance and carbon sequestration
potential of top feeds under varied planting geometry with and without intercrop’
was conducted at Instructional Farm, College of Agriculture, Vellayani,
Thiruvananthapuram during April 2019 to April 2021. The experiment was laid
out in split-split plot design with two main plot treatments, three sub plot
treatments and three sub-sub plot treatments in three replications. The main plot
treatments included C1: sole crop (top feeds), Cz: intercrop (Bajra Napier Hybrid),
sub plot treatments F1: agathi (Sesbania grandiflora), F2: Erythrina (Erythrina

indica) Fs: drumstick (Moringa oleifera) and sub-sub plot treatments G1: 2m x 1

m, G2: 2 m x 0.5 m, Gs: paired system. The harvest of main crops viz., agathi,
Erythrina and drumstick were taken at an interval of three months. However, the
first harvest of BN hybrid was taken 75 days after planting and subsequent
harvests at an interval of 45 days.

The results of the study revealed that cropping systems failed to exhibit
significant effect on number of branches of top feeds during first year. However,
intercropping top feeds withBajra Napier hybrid recorded 11 per cent increment
in number of branches in second year. Among the three selected tree fodders,
agathi performed well in terms of number of branches during both the years.
Moreover, planting geometry of top feeds did not vary significantly with respect
tonumber of branches of top feeds in first year. However, paired system recorded

more average number of branches in second year and it was on par with Gi.

Regarding C x F interaction, agathi - Bajra Napier hybrid intercropping system



recorded more number of branches during both the years and the value was
comparable to agathi sole cropping in first year. Furthermore, sole cropping with
wider spacing of 2 m x 1 m recorded more number of branches (C1G1) than top
feeds with narrow spacing of 2 m x 0.5 m. However the interaction between
cropping system and spacing failedto exhibit any significant effect on number of
branches in second year. Considering the interaction between top feeds and
planting geometry, average number of branches was the highest in F1G1 and it
was comparable to F1Gz in first year. However, in the second year, agathi with
paired system of planting recorded higher value and it was found to be on par with
F1G1 and F1G2. Furthermore, significant interaction between cropping systems,
top feeds and planting geometry on number of branches of top feeds was noticed
and significantly higher mean value was noticed when agathi grown as sole crop
with 2 m x 1 m geometry (C1F1G1) during the first year. However, intercropping
agathi with paired system (C2F1G3) had higher average branch number in second

year and it was found to be on par with C2F1Go.

Leaf stem ratio of top feeds did not exhibit significant variation in
response to cropping system in first year. However, C2 was superior in second
year. Moreover, agathi exhibited better performance in both first year as well as
second year. Among three planting geometry, top feeds with a spacingof2 mx 1
m was noticed to be significantly superior with respect to leaf stem ratio of top
feeds in first year, but, paired system of geometry exhibited betterperformance in
second year. The interaction between cropping system and top feeds failed to
exhibit any significant effect during first year, while, C2F1 exhibited significantly
higher average value in second year. Regarding the interaction between cropping
system and plantinggeometry, leaf stem ratio was significantly superior for sole
cropped top feeds at 2 m x 1 m geometry. However, top feed with paired system
of geometry under intercropping system recorded significantly higher value in
second year. Moreover, top feed and planting geometry also exhibited a
significant interaction with respect to leaf stem ratio and agathi with2 m x 1 m

spacing was noticed to be significantly superior in first year. However, agathi in



paired system (F1Gs) recorded higher value in second year and it was comparable
to F1G2. Interaction between cropping system, top feeds and planting geometry
was non-significant with respect to mean leaf stem ratio of top feeds over first
year, however C1F3G> recorded higher valuein second year and it was on par with
C1F1G1, C1F2G2, C1F2G3, CoF1G2, CoF2G3, and CoF3Go.

Plant height of Bajra Napier hybrid was higher when it was intercropped
with Erythrinain first year. However, erythirina was comparable to agathi in
second year. Among the three different planting geometry of top feeds, the
highest mean plant height of Bajra Napier hybrid was noticed when top feeds
were planted at a narrow spacing of 2 m x 0.5 m and it was foundto be on par
with that of Gz in both years. Furthermore, the interaction between top feeds and
planting geometry failed to exhibit any significant interaction with respect to plant

height during both first and second years.

Leaf stem ratio of Bajra Napier hybrid varied significantly with respect to
top feeds and higher value was recorded when intercropped with Erythrina while
lowest value was for drumstick- BN hybrid plot in both years. Moreover, growing
top feeds in a narrow spacing of 2 m x 0.5 m registered significantly higher
average leaf stem ratio in first year. However, both Gi and G2 recorded
significantly higher leaf stem ratio in second year. Regarding the interaction
between top feeds and planting geometry, growing Erythrina at a narrow spacing
of 2 m x 0.5 mrecorded the highest leaf stem ratio in both the years and the value
was comparable to that of F2G1 in first year and F2Gi as well as F1G; in second

year.

Average number of tillers was significantly higher when Bajra Napier
hybrid was intercropped with Erythrina during both the years. Moreover, BN
hybrid intercropped with drumstick recorded significantly lowest tiller number
in both years. Regarding spacing, 2 m x 0.5 m geometry recorded higher value in
both years. However, the value was comparable to 2 m x 1 m spacing in first year.
The interaction between top feeds and planting geometry did not

differsignificantly during any of the harvests in first year. However, growing



Erythrina at a spacing of 2 m x 0.5 m registered significantly higher value in

second year.

Tussock diameter of the Bajra Napier hybrid was higher in Erythrina -
Bajra Napier hybrid intercropping system during both the years. Moreover,
cultivation of top feeds at 2 m x 0.5 m spacing noticed the highest mean tussock
diameter and it was on par with the top feeds grown in 2 m x 1 m planting

geometry. Furthermore, F x G interaction was non- significant in both the years.

The results of the experiment revealed that cropping system had
significant effect on total green fodder yield of top feeds intercropping top feeds
with BN hybrid producing significantly more total green fodder yield in both the
years. Among the three top feeds, agathi recorded significantly higher total green
fodder yield during both years. Moreover, paired system of geometry recorded
higher total GFY in first year and it was comparablewith G2. However, a reverse
trend was noticed in second year. Regarding the interaction between cropping
system and top feeds, significantly superior value was noticed when agathiwas
intercropped with Bajra Napier hybrid over all the harvests in first year as well
second year.Considering the interaction between cropping system and planting
geometry, higher total greenfodder yield was noticed when top feeds were
intercropped in 2 m x 0.5 m spacing (C2Gz) during both the years and it was on
par with C2Gs (intercropping top feeds in paired system) in first year. The results
also revealed that growing agathi at a narrow spacing of 2 m x 0.5 m geometry
(F1G2) registered significantly higher total green fodder yield in both years.
Considering the interaction between cropping system, top feed and spacing,
intercropping agathi at geometry of 2 m x 0.5 m (C2F1G2) proved to be the best

treatment.

The results of the study revealed that growing top feeds along with Bajra
Napier hybridregistered significantly higher dry fodder yield in both years.
Considering three different top feeds that were grown in subplot, agathi registered
significantly higher dry fodder yield in boththe years. Moreover, paired system of

planting was found to be significantly superior value infirst year. However,



growing top feeds at 2 m x 0.5 m recorded the highest value in second year and
the value was comparable to that of paired system. The interaction between
cropping system and top feeds with respect to total dry fodder yield followed a
similar trend as that of green fodder yield. Intercropping agathi with Bajra Napier
hybrid (CzF1) was significantly higher in both years. Regarding the interaction
between cropping system and planting geometry, the highest total dry fodder
yield was noticed by C>G: in both the years which was comparable with C2G3 in
second year. With respect to the interaction between top feeds and planting
geometry, growing agathi at 2 m x 0.5 m planting geometry (F1Gz) was superior
during both years. Considering the interaction between cropping system, top
feeds and planting geometry, total dry fodder yield as well as dry fodderyield of

each harvest over two years was significantly superior in C2F1G,.

The mean dry matter content of top feeds did not exhibit any significant
interaction withrespect to cropping system and planting geometry during first
year. However, among differenttop feeds, highest value was noticed in Erythrina
and it was on par with drumstick. Dry mattercontent of top feeds during second
year varied only with respect to cropping system and C: recorded significantly
higher value. Dry matter content of top feeds was not significant with respect to
the interaction between cropping system and top feeds as well as cropping system
and planting geometry. However, dry matter content significantly varied with
respect to the interaction between top feeds and planting geometry in both the
years and significantly highervalue was noticed by F.Gi. Dry matter content of
top feeds varied significantlywith respect to the interaction between cropping
systems, top feeds and planting during secondyear and a higher value was noticed
in C2F2G1 and it was comparable to that of CoF3G1, CoF3G2,CoF2Grand C1F3Go.

The green fodder yield of BN hybrid over six harvests during first year as
wellsecond year revealed that intercropping BN hybrid with Erythrina recorded
significantly highervalue. Regarding different planting geometry of top feeds,
significantly higher total green fodder yield of BN hybrid was noticed when top
feeds were planted at 2 m x 0.5 m spacingin both first as well as second year.



Furthermore, the interaction between top feeds and planting geometry was
positively influenced and the treatment combination F.G; recorded higher total

GFY during first year and it was found to be on par with F2Go.

Dry fodder yield of BN hybrid with respect to different top feeds followed
thesame trend as that of green fodder yield. Intercropping BN hybrid with
Erythrina recorded significantly higher green fodder yield in all the six harvest
during both first year andsecond year. With respect to sub plot factor, significantly
higher total dry fodder yield of Bajra Napier hybrid was noticed when top feeds
were grown in 2 m x 0.5 m spacing in both the years. Moreover, significant
interaction between top feeds and planting geometry was noticed regarding dry
fodder yield and the treatment combination F2G: recorded highest value during

both years and it was comparable to that of F2G1 in second year.

In this study, it was noticed that both cropping system and planting
geometry failed to exhibit any significant effect on total chlorophyll content of
top feeds. However, among three top feeds, agathi registered significantly higher
value in both the years. Moreover total chlorophyll content of top feeds varied
significantly with respect to the interaction between cropping systems and top
feeds and higher value was noticed by CiF: in both the years and during second
year it was on par with CyF1. The total chlorophyll content of top feeds was
superior in C1Gzand it was on par with both C1Gzand C.G:. The total chlorophyll
content did not vary significantly with respect to the interaction between top feed
and planting geometry during both the years. The results also revealed that
interaction between cropping system, top feeds and planting geometry
significantly varied only in second year and growingErythrina as a sole crop in 2
m x 0.5 m planting geometry (C1F2Gy) registered highest total chlorophyll content
and the result was comparable with CiF1G;, CiF1G2, CiF1G3z and CoF1Ga.
Regarding Bajra Napier hybrid, total chlorophyll content of Bajra Napier hybrid
was significantly higher when it was intercropped with agathi in first year which
was comparable with Erythrina in second year. The chlorophyll content of Bajra

Napier hybrid did not vary significantly with respect to planting geometry in first



year, while growing top feeds at 2 m x 0.5 m geometry recorded significantly
higher chlorophyll content in second year. Moreover, significant interaction
between top feeds and planting geometry with respect to total chlorophyll content
was observed only in second year. Growing agathi in 2 m x 0.5 m geometry(F1Gz)
recorded higher chlorophyll content and it was on par with F1G2, F2Gs and F3G;.
Crude protein content of top feeds significantly varied with different cropping
systems in first year and C recorded higher value. However, the same treatment
recorded significantly lowest crude fibre content in second year of the study.
Regarding top feeds, agathi recorded significantly highest crude protein as well
as lowest crude fibre content in both years of the study. Regarding planting
geometry, Garecorded higher crude protein content in first year and it was on par
with G2. However, G recorded significantly more crude protein content in second
year. Moreover, lowest crude protein content was noticed in Gy during first year
and it was on par with G2. Regarding interaction between cropping systems and
planting geometry, significantly lower value was noticed in C1Gzin second year.
Regarding interaction between top feeds and planting geometry, highest crude
protein was found in F1G2 while F1Gz recorded lowest crude fibre content in first
year. Interaction between cropping systems, top feeds and planting geometry was
significant only in second year. Growing agathi as sole crop in 2 m x 0.5 m
geometry (C1F1Gy2) recorded higher crude protein and it was comparable with
intercropping agathi in 2 m x 1 m as well as 2 m x 0.5 m geometry (C2F1G; and
CoF1G2)..

Among the different top feeds, agathi recorded the highest crude protein
and the lowest crude fibre content during both the years. Among planting
geometries, Gzrecorded highest crude protein content in both the years. However,
crude fibre content was notsignificant in both the years. Moreover, both crude
protein and crude fibre were not significant with respect to the interaction

between top feeds and planting geometry.

Among the different treatment combinations, intercropping agathi with 2

m x 0.5 m geometry recorded highest land equivalent ratio, area time equivalent



ratio and monetary advantage index. However the highest competitive ratio was
noticed when agathi was intercropped with Bajra Napier hybrid in paired system
of geometry. However, intercropping drumstick with Bajra Napier hybrid in 2 m
x 1 m planting geometry recorded highest aggressivityfollowed by intercropping
agathi with Bajra Napier hybrid in 2 m x 0.5 m geometry. Moreoverthe highest
relative crowding coefficient was noticed when Erythrina was intercropped with

Bajra Napier hybrid in 2 m x 1 m geometry.

The study revealed that among different cropping systems, C, recorded
significantly higher N and K uptake during both the years however the P was
non-significant. Among top feeds, Fi1 recorded the highest uptake of N, P and K
in both years of the study. Regarding planting geometry, highest nitrogen and
potassium were recorded by Gz in both the years. Regarding the interaction
between cropping system and op feeds, highest N and K uptakewas noticed by
C2F1. The P uptake was highest in CzF; in first year, however CFs recorded
highest value in second year and it was on par with both C,F1 and C1F». Highest N
and K uptakewith respect to the interaction between cropping system and planting
geometry was noticed inC2G2 Moreover highest N and K uptake with respect to
the interaction between top feeds and planting geometry was noticed in F1Gz in
both the years. Highest N and K uptake was noticed C2F1G; in both years and N

uptake was on par with C2F1Gs.

Significantly greater sequestration of carbon was noticed in C,in first and
second year. Among top feeds, agathi recorded higher sequestration of carbon in
both the years. Moreover, planting top feeds in 2 m x 0.5 m geometry recorded
more carbon sequestration in first year and second year. Significant interaction
between cropping system and top feeds were noticed with respect to carbon
sequestration potential of top feeds and significantly higher value noticed by C2F1
in both the years. Similarly C>G2 recorded higher level of carbon sequestrationin
both years of the study. Carbon sequestration potential of the system significantly
varied with respect to the interaction between top feeds and planting geometry

and higher value noticed by FiG2 in both the years. Moreover, significant



interaction between cropping system top feeds and planting geometry were
noticed with respect to carbon sequestration and highervalue noticed by C2F1G2

in both the years.

The organic carbon content in the soil after the experiment significantly
varied with respect to different top feeds and higher value noticed by F1 and it was
on par with F2. However,hoth pH and EC of the soil did not vary significantly with
respect to cropping systems, top feeds as wellas planting geometry. Significantly
higher organic carbon content in soil was noticed in CzFi. Moreover, organic
carbon content in the soil after the experiment significantly varied with respectto
interaction between cropping systems, top feeds and planting geometry and a
higher value was noticedin C2F1G2 which was on par with CiF2G1, CiF3Go,
C1F3Go, C1FsGs, C1F1G2, CoF2Ga, CoF3Giand CoFsG2. Among different cropping
systems, C recorded more phosphorus and potassium contentin the soil after the
experiment. Moreover, among different top feeds, F» recorded significantlymore
P and K content in the soil. Moreover, potassium content in the soil after
experiment was significantly more in CiGz and it was on par with CiGs.
Significant interaction between top feeds and planting geometry was recorded
with respect to potassium content in the soil and higher value was noticed in F2Gs

and it was on par with F3Gz and F2Ga.

The results of the study revealed that highest net income and B:C ratio
were noticed when Bajra Napier hybrid was intercropped with agathi at 2 m x 0.5
m planting geometry (C2F1Gz), followed by Intercropping Bajra Napier hybrid
with agathi in 2 m x1 m planting geometry (C2F1G1). However, sole cropping
Erythrina in 2 m x 1 m geometry recorded the lowest net returns and B: C ratio

during both the years.

Experiment II entitled “Quality assessment of predominant fodder trees
and shrubs of southern Kerala for feed quality” revealed that among the ten tree
fodders, agathi had highest crude protein (25.24 %) and lowest crude fibre (8.43
%), acid detergent fibre (11.10 %), neutraldetergent fibre (17.34 %), oxalate (1.43



%) and negligible content of nitrate. Howeverdrumstick contained more ether
extract (7.39%), total ash (12.78%), calcium (2.75%) and magnesium (0.60%).
Matti (Ailanthus triphysa) had highest nitrogen free extract (64.72%) andlower
neutral detergent fibre content (17.54%). Subabul had highest phosphorus
(0.93%), iron (222.14 mg kg™) and calcium: magnesium ratio (5.61) while
gliricidia had negligible nitratecontent. Banana was observed as a rich source of
potassium (2.70%), manganese (71 mg kg?),zinc (40.44 mg kg™), copper (15.7
mg kg?) and potassium: calcium ratio (2.48). The study revealed that agathi was
nutritionally superior to other tree fodders with higher crude protein and lower
cude fibre, ADF and anti nutritional factors. Nevertheless, all the ten different
top feeds were found to be very good source of nutrients (protein, fibre and
minerals) and couldbe used for livestock feeding in fodder scarcity zones of

Kerala.
Future line of work
e The study may be replicated with other top feeds which are prevalent in

Kerala.

e The possibility of yield improvement by intercropping top feeds with other

fodder grass needs to be experimented.

e The possibility of estimation of more antinutritional factors in tree

leaves that arecommonly fed to the cattle may be considered.

e The study also points out a scope for in vitro analysis of tree fodders.



7. REFERENCES
Abbas, N.B. 2003. Response of grasses and legumes in mixture and pure stand
to phosphorus and nitrogen fertilization at EI damazin area. M.Sc. (Ag)

thesis, University of Khartoum, Sudan, 234p.

Abdulrazak, S. A., Fujihara, T., Ondiek, T., and Orskov, E. R. 2000. Nutritive
evaluation of some Acacia from Kenya.Animal Feed science and
technology 85, 89-98.

Ahadiyat, Y.R. and Ranamukhaarachchi, S.L. 2008. Effects of tillage and
intercropping with grass on soil properties and yield of rainfed maize.
Int. J. Agric. Biol. 10: 133-1309.

Ahmad, A. H., Ahmad, R., Mahmood, N., and Tanveer, A. 2007. Performance
of forage sorghum intercropped with forage legumes under different
planting patterns. Pak. J. Bot. 39: 431-439.

Ahmad, S., Khan, P. A., Verma, D. K., Mir, N. H., Sharma, A. and Wani, S.
A., 2018. Forage production and orchard floor management through
grass/legume intercropping in apple based agroforestry systems. Int. J.
Chemical Stud. 6(1): 953-958.

Ahmed, M., Baballa, A., Kilali, Hassan, A. E., and Ahmed, M. F. 2013.
Agronomic evaluation of sorghum and cowpea intercropped at
different spatial arrangements. J. Renewable Agric. 1(2):11-16.

Alalade, J. A., Akingbade, A. A., Akinlade, J. A., Akanbi, W. B., Gbadamosi,
J., Okeniyi, G., Ajibade, A. O. and Akanji, K. A., 2013. Herbage yield
and nutritive quality of Panicum maximum intercropped with different
legumes. Int. J. Sci. Environ.Technol, 3(1): 224-232.

Alam, B., Chaturvedi, M., Singh, A.K., Newaj, R., and Dhyani, S.K. 2013.
Microclimatic modification through agroforestry in the context of
climate change: an eco-physiological appraisal. Indian J.
Agrofor. 16(1): 1-8.

Alam, M.P. and Djajanigara, A. 1994. Nutritive value and yield of potential

tree leaves and shrubs in Bangladesh. In: Djajanegaa. A. And



Sukmawati, A. (eds), Sustainable Animal Production and the
Environment. Proceedings of 7th AAAP Animal Science Congress, 11-
16 July 1994, Bali, Indonesia. Indonesian Society of Animal Science,
Indonesia, pp.317-318.

Albrecht, A. and Kandji, S. T. 2003. Carbon sequestration in tropical
agroforestry system. Agric. Ecosyst. Environ. 99:15-27.

Ali, A., Choudhry, M.A., Malik, M.A. and Ahmad, R., 2000. Effect of various
doses of nitrogen on the growth and yield of two wheat (Triticum
aestivum L.) cultivars. Pakistan J. Biol. Sci. 11: 69-72.

Ally, K. and  Kunjikutty, N. 2000. Studies on tannin contents of locally
available tree leaves commonly fed to goats in Kerala. J. Vet. Anim.
Sci. 31: 1-4.

Alvey, S., Yang, C. M., Buerkert, D., and Crowley, D. E. 2003. Cereal/legume
rotation effects on rhizosphere bacterial community structure in West
African soils. Biol. Fertil. Soils. 37: 73-82.

Amengor, M.G., Aryeetey, R., Afari, E., and Nyarko, A. 2017. Micronutrient
composition and acceptability of Moringa oleifera leaf-fortified dishes
by children in Ada-East district, Ghana. Food Sci. Nutr. 5(2): 317-323.

Andrade, F.H., Calvino, P., Cirilo, A., and Barbieri, P. 2002. Yield responses
to narrow rows depend on increased radiation interception. Agron.
J. 94(5): 975-980.

Andrae, J. 2008. Preventing prussic acid poisoning. Forage Leaflet, 13,
Clemson University.

Anita, M. R. 2002. Shade response of guinea grass (Panicum maximum J.)
under varying levels of potash. M. Sc.(Ag) thesis, Kerala Agriicultural
University. Thrissur, 140p.

Anita, M. R. 2014. Fodder production technology under light and moisture
stress situations. Ph. D. thesis, Kerala Agricultural University,
Thrissur, 286p.



Anita, M.R., Lakshmi, S., and Satyanarayana, T. 2011. Guinea grass flora
under varying tree shade levels and potassium. Better Crops 5(1): 26-
27.

Annison, E.F. and Bryden, W.L. 1998. Perspectives on ruminant nutrition and
metabolism |. Metabolism in the rumen. Nutr. Res. Rev. 11(2): 173-
198.

Antony, S. and Thomas, C.G. 2015. Shade tolerance of selected Bajra Napier
hybrid cultivars under rainfed conditions. J. Trop. Agric. 53(1): 35-41.

Antony, S., 2012. Performance of Bajra Napier hybrid under rainfed condition.
Ms. C. thesis, Kerala Agricultural University, Thrissur, 125p.

AOAC [Association of Official Agricultural Chemists]. 2012. Official
Methods of Analysis (19" Ed). Association of Official Analytical
Chemists, Washington D.C. 39p.

AOAC [Association of Official Analytical Chemists]. 1975. Official and
Tentative Methods of Analysis. Association of Official Analytical
Chemists, Washington, D.C, pp.130-137.

Arnon, D. 1. 1949. Copper enzymes in isolated chloroplasts — olyphenoloxidase in
Beta vulgaris.  Plant Physiol. 12: 1-15

Attridge, T.H. 1990. Light and Plant Responses. Hodder and Stoughton Ltd ,

London, 148p.

Augusto, O., Bonini, M.G., Amanso, A. M., Linares, E., Santos, C. C. and De
Menezes, S.L., 2002. Nitrogen dioxide and carbonate radical anion:
two emerging radicals in biology. Free Radical Biol. Med. 32(9): 841-
859.

Awal, M.A., Pramanik, M.H.R., Hossen, M.A. 2007b. Interspecies
competition, growth and yield in barley-peanut intercropping. Asian J.
Plant Sci. 6 (4): 577-584.



Baba, M., Halim, R. A., Alimon, A. R., and Abubakar, I. 2011. Grass legume
mixtures for enhanced fodder production: Analysis of dry matter yield
and competition indices. Afr. J. Agric. Res. 6(23): 5242-5250.

Bakhashwain, A. A., 2010. Fodder yield and quality of Rhodes grass-Alfalfa
mixtures as affected by sowing rates in Makkah region. JKAU:
Metorol. Environ. Arid Land Agric. Sci, 21: 19-33.

Baldwin, V.C.J. Peterson, K.D., Clark, A., Ferguson, R.B., Strub, M.R., and
Bower, D.R. 2000. The effects of spacing and thinning on stand and
tree characteristics of 38-year-old loblolly pine. For. Ecol. Manag.
137:91-102.

Banik, P., Midya, A., Sarkar, B.K., Ghose, S.S. 2006. Wheat and chickpea
intercropping systems in an additive series experiment: advantages and
weed smothering. Eur. J. Agron. 24(4): 325-332.

Bergeron, M., Lacombe, S., Bradley, R.L., and Whalen, J.K. 2011. Reduced
soil nutrient leaching following the establishment of tree based
intercropping systems in eastern Canada. Agrofor. Syst. 83: 321-330.

Bernardo, A.L., Reis, M.G., Reis, G.G., Harrison, R.B., and Firme, D.J. 1998.
Effect of spacing on growth and biomass distribution in Eucalyptus
camaldulensis, E. pellita and E. urophylla plantations in southeastern
Brazil. For. Ecol. Manage. 104(1-3):1-13.

Bhanderi, B.M., Garg, M.R., and Sherasia, P.L. 2014. Mineral status of feeds,
fodder and dairy animals in Jalgaon district of Maharashtra state.
Scholars J. Agric. Vet. Sci. 4A: 222-226.

Bhatti, M. B., Sartaj, M. D., and Sultani, M. I. 1985. Effect of different inter
and intra row spacing on forage yield and quality in elephant grass.
Pakist. J. Agric. Res. 6: 107-112.

Bohre, P., Chaubey, O. P. and Singha, P. K. 2013. Biomass accumulation and
carbon sequestration in Tectona grandis Linn. f. and Gmelina arborea
Roxb. Int. J. Bio-Science Bio-Technol. 5(3):153-174.



Borden, K.A., Thomas, S.C., and Isaac, M.E. 2019. Variation in fine root traits
reveals nutrient-specific acquisition strategies in agroforestry systems.
Plant and Soil. 34 (1): 123-125.

Bouyoucos, G.J. 1962. Hydrometer method improved for making particle size
analysis of soil. Agron. J. 54: 464-465.

Buxton, D. R. 2001. Growing forages under variable Environmental
conditions. Res. Bull. No.21. U.S. Dairy Forage Research Centre,
IOWA State University, Ames, p.204.

Buxton, T. 2010. Modeling entrainment of waterlogged large wood in stream
channels. Water Resour. Res. 46(10): 1-15.

Chabot, B.F. and Chabot, J.F. 2004. Effects of light and temperature on leaf
anatomy and photosynthesis in Fragaria vesca. Oecologia 26: 363-
377.

Chali, D., Nurfeta, A., Banerjee, S., and Eik, L.O. 2018. Effects of feeding
different proportions of silver leaf desmodium (Desmodium
uncinatum) with banana (Musa paradisiaca) leaf on nutrient utilization
in Horro sheep fed a basal diet of natural grass hay. Asian-Austr. J.
Anim. Sci. 31(9): 1449.

Chandra, J. and Mali, M.C. 2014. Nutritional evaluation of top five fodder tree
leaves of mimosaceae family of arid region of Rajasthan. Int. J. Innov.
Res. Rev. 2(1): 14-16.

Chandra, S.C., Islam, M.M., Sadik, M.A., Hagque, M.E. and Sarwar, A.G.,
2018. Estimation of chlorophyll, beta carotene and lycopene content in
leaves of sesbania species. J. Experimental Biosci. 9(2): 17-20.

Chang, R., Fu, B., Liu, G, Yao, X,, and Wang, S. 2012. Effects of soil
physicochemical properties and stand age on fine root biomass and
vertical distribution of plantation forests in the Loess Plateau of China
Ecol. Res. 27: 827-836.



Chauhan, B.S. and Opefia, J.L., 2013. Effect of plant spacing on growth and
grain yield of soybean. American Journal of Plant Sciences, 4(10):
124-128.

Chauhan, S. K., Singh, A., Sikka, S. S., Tiwana, U. S., Sharma, R. and Saralch,
H. S., 2014. Yield and quality assessment of annual and perennial
fodder intercrops in Leucaena alley farming system. Range Manag.
Agroforestry, 35(2): 230-235.

Chauhan, V.K. and Dhiman, R.C. 2007. Atmospheric humidity and air
temperature studies in wheat-poplar based agroforestry system. Indian
For. 133(1): 73-78.

Cheema, U.B., Sultan, J.1., Javaid, A., Mustafa, M.I., and Younas, M. 2014,
Screening of fodder tree leaves by chemical composition, mineral
profile, anti nutritional factors and in sacco digestion. J. Agric. Sci. 11:
558-564.

Chhilar, R. K. and Tomar, P. S. 1970. Effect of varying spacing and levels of
nitrogen and phosphorus and growth and yield of Napier grass. Soil
Fertil. J. 35: 332-335

Chitra, P. 2018. Nutritive value of leguminous tree leaves as a protein source
for ruminant Feed. Int. J. Livestock Res. 8 (7): 275-280.

Choudhary, V.K., Alone, R.A., Singh, D. and Bhagawati, R., 2012.
Performance of Guinea grass (Panicum maximum) as influenced by
row proportion under different tree species in north-eastern hilly region
of India. Range Management and Agroforestry, 33(2), pp.166-170.

Chowdhury, M. K. and Rosario, E. L. 1994. Comparison of nitrogen,
phosphorus and potassium utilization efciency in maize/mungbean
intercropping. J. Agric. Sci. 122, 193-199.

Cook, B.G., Pengelly, B.C., Brown, S.D., Donnelly, J.L., Eagles, D.A., Franco,
M.A., Hanson, J., Mullen, B.F., Partridge, 1.J., Peters, M., and
Schultze-Kraft, R. 2005. Tropical Forages: An Interactive Selection

Tool. CSIRO, Department of Agriculture and Fisheries (Queensland),



The International Centre for Tropical Agriculture and International
Livestock Research Institute, Brisbane, Australia, 412-424.

Crews, T. E. and Peoples, M. B. 2004. Legume versus fertilizer source of
nitrogen: Ecological tradeoffs and human needs. Agric. Ecosyst.
Environ. 102: 279-297.

Crowder, L.V. and Cheddah, H. R. 1982. Tropical grassland Husbandry,
Longman Inc. New York USA, 85- 89 p.

Crusciol, C.A.C., Nascente, A.S., Mateus, G.P., Borghi, E., Leles, E.P. and
Santos, N.D., 2013. Effect of intercropping on vyields of corn with
different relative maturities and palisade grass. Agron.J. 105(3): 599-
606.

Cuartas, C. A., Naranjo, J. F., Tarazona, A. M., Murgueitio, E., Chara, J. D.,
Ku, J., Solorio, F. J., Xflores, M. X., Solorio, B. and Barahona, R.
2014. Contribution of intensive silvipastoral systems to animal
performance and to adaptation and mitigation of climate change.
Colomb J. Anim. Sci. Vet. Med. 27:76-94

Cuevas, E. and Medina, E. 1998. Nutrient dynamics within Amazonian forest
I1. Fine root growth, nutrient availability and leaf litter decomposition.
Oecologia (Berl.) 76. 222- 235

De Bruin, J.L. and Pedersen, P. 2008. Effect of row spacing and seeding rate
on soybean yield. Agron. J., 100: 704—710.

De Wit, C. T. 1960. On competition, Verslag Landbouwkundige Onderzock 66
(8): 1-82.

Deepthi C. 2021. Response of bajra napier hybrid varieties to varying shade
levels. M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur,
100p.

Desale, J. S., Pathan, S. H., Bhilahare, R. L., Babar, R. M., Patil, V. S. and
Hiray, A. G. 2002. Intercropping of sorghum with soybean under
rainfed condition. Forage Res. 28(1): 52-54.



Dhillon, R.S., Johar, V., Beniwal, R.S., Bhardwaj, K.K., Kumari, S., Chavan,
S.B. and Sirohi, C. 2018. Effect of different spacing geometries of
Populusdeltoides on carbon sequestration potential of poplar based
agroforestry system in North-Western Haryana. J. Pharmacogn.
Phytochem. 7(3): 2968-2971.

Dhima, K.V., Lithourgidis, A.S., Vasilakoglou, 1.B., and Dordas, C.A.
2007.Competition indices of common vetch and cereal intercrops in
two seeding ratio. Field Crops Res. 100 (3):249- 256.

Dobos, A., Barsony, P., Posta, J., and Babinszky, L., 2019. Effect of feeds with
different crude fiber content on the performance of meat goose. Acta
AgrariaDebreceniensis: 2: 5-8.

Dutta, H., Baroova, S.R., and Rakhowa, D.J. 1994. Feasibility and economic
profitability of wheat (Triticumaestivum)-based intercropping systems
under rainfed conditions. Indian J. Agron. 39(3): 448-450.

Edo, Y.G., Remedinh, K.G.G., Woldsenbt, A.F., and Gupta, K.K. 2017.
Growth performance of some multipurpose tree species around the
homesteads in Gimbo district, Southwestern Ethiopia. Int. J. Agric.
For. Fish. 6(1): 1-5.

El-Khodery, S., EI-Boshy, M., and Gaafar, K. 2008. Hypocalcaemia in Ossimi
sheep associated with feeding on beet tops (Beta vulgaris). Turkish J.
Vet. Anim. Sci. 32: 1-7.

Epafras, A. 2019. Quantification and characterisation of nutrients in
Senegalia melifera milled biomass, feed intake and nitrogen balance in
female boer goats fed with Senegalia melifera bush-based feeds Ph.D.
thesis, University of Namibia, 340p.

Erkan, N. and Aydin, A.C. 2016. Effects of spacing on early growth rate and
carbon sequestration in PinusbrutiaTen. plantations. Forest Syst. 25(2):
13.



Fan, Y., Wang, Z., Liao, D., Raza, M.A., Wang, B., Zhang, J., Chen, J., Feng,
L., Wu, X,, Liu, C., and Yang, W. 2020. Uptake and utilization of
nitrogen, phosphorus and potassium as related to yield advantage in
maize-soybean intercropping under different row configurations. Sci.
Rep. 10(1): 1-10.

Fang, S., Li, H., Sun, Q. and Chen, L. 2010. Biomass production and carbon
stocks in poplar-crop intercropping systems: a case study in
northwestern Jiangsu, China. Agroforestry Sys, 79(2): 213-222.

Farooq, T.H., Wu, W., Tigabu, M., Ma, X., He, Z., Rashid, M.H.U., Gilani,
M.M., and Wu, P. 2019. Growth, biomass production and root
development of Chinese fir in relation to initial planting
density. For. 10(3): 236.

Fasuyi, O.A .2005. Nutrient composition and processing effects on cassava
leaf (Manihot esculenta Crantz) antinutrients. Pak. J. Nutr. 4(1): 37-
42,

Foster, A., Vera, C.L., Malhi, S.S., and Clarke, F.R. 2014. Forage yield of
simple and complex grass legume mixtures under two management
strategies. Can. J. Plant Sci. 94: 41-50.

Fowomola, S. M. A., 2010. Some nutrients and antinutrients contents of mango
(Magnifera indica) seed. African J. Food Sci. 4(8): 472-476.

Fredeen, A.L., Raab, T.K., Rao, .M., and Terry, N. 1990. Effects of
phosphorus nutrition on photosynthesis in Glycine max (L.)
Merr. Planta. 181(3): 399-405.

Fujita, K., Ofosu-Budu, K.G. and Ogata, S., 1992. Biological nitrogen fixation
in mixed legume-cereal cropping systems. Plant and soil, 141(1),
pp.155-175.



Gaikwad, U.S., Pawar, A., and Kadlag, A.D. 2017. Nutritional status of fodder
tree leaves and shrubs of scarcity zone of Maharashtra. Adv. Life Sci.
7(1): 11-14.

Garg, M.R., Bhanderi, B.M., and Sherasia, P.L. 2005. Assessment of adequacy
of macro and micro mineral content of feedstuffs for dairy animals in

semi arid zone of Rajasthan. Anim. Nutr. Feed Technol. 5: 9-20.

Gates, R.N. 1994. Influence of thermo-ammoniation on forage quality and
utilization of warm-season grass hay (digestibility, intake, particle size,
statistical moments, image analysis). Ph.D. thesis, The University of
Nebraska-Lincoln, 232p.

Gaur, A.C. 1975. A manual of rural composting, improving soil fertility
through organic recycling, UNDP Regional Project, FAO, Rome, 122p.

Gayathri, P. 2010. Alley cropping in cassava (Manihot esculenta Crantz.) for
food - fodder security. M.Sc. (Ag) thesis, Kerala Agricultural
University, Thrissur, 135p.

George, S. 1996. Agronomic evaluation of biofarming technique for forage
production in coconut gardens. Ph.D. thesis, Kerala Agriicultural
University. Thrissur, 224p.

George, S. J., Kumar, B. M., Wahid, P. A. and Kamalam, N. V. 1996. Root
competition for phosphorus between the tree and herbaceous
components of silvipastoral systems in Kerala, India. Plant.
Soil. 179(2): 189-196.

Ghosh, P. K., 2004. Growth, vyield, competition and economics of
groundnut/cereal fodder intercropping systems in the semi-arid tropics
of India. Field crops res. 88(2-3): 227-237.

Ghosh, P. K., Bandypadhyay, K. K., Wanjari, R. H., Manna, M. C., Mishra, A.
K., Mohanty, M., and Rao, A. S. 2017. Legume effect for enhancing
productivity and nutrient use efficiency in major cropping systems —an

Indian perspective: a review. J. Sustainable Agric. 30: 59-86.



Gill, A. S. and Ganwar, K. S. 1990. Evalution of intensive forage production
under Guava (Psidium guavajava L.) plantation. Indian J. Agron.
35(4): 437-438.

Gill, A.S. 2005. Performance of trees in agro forestry under semi arid sub
tropics. MFP News 15(2): 11-12.

Ginwal, D.S., Kumar, R., Ram, H., Dutta, S., Arjun, M., and Hindoriya, P.S.
2019. Fodder productivity and profitability of different maize and
legume intercropping systems. Indian J. Agri. Sci. 89(9): 1451-1455.

Gitari, H.l., Karanja, N.N., Gachene, C.K., Kamau, S., Sharma, K. and
Schulte-Geldermann, E., 2018. Nitrogen and phosphorous uptake by
potato (Solanum tuberosum L.) and their use efficiency under potato-

legume intercropping systems. Field Crop. Res. 222: 78-84.

GOl [Government of India] 2019. Provisional Key Results of 20th Livestock
Census[online].Available:http://dadf.gov.in/sites/default/filess/Key%
20Results%2BAnnexure%2018.10. 2019.pdf [12 Nov 2021]

GOK [Government of Kerala]. 2014. Agricultural Statistics 2014-15 [on-line]
Department of Economics and Statistics, Govt. of Kerala. Available:
http://lwww.ecostat. kerala.gov.in/ docs/pdf/reports/ agristat/1516/agri-
stat 1415 1.pdf [20 Nov.2021].

GOK [Government of Kerala]. 2020. Economic Review-2011 [on-line].
Available: http:// spb.kerala.gov.in/images/er/erl1/index.html [6 Jan.
2021].

Gomez, G. and Valdivieso, M. 1985.Cassava foliage: chemical composition,
cyanide content and effect of drying on cyanide elimination. J. Sci.
Food Agric. 36: 433-441.

Gopalan, A., Raja, D., and Sudhagar, R. 2003. Associative cropping pattern
that enhance the animal yield. Asp. Appl. Biol. 70: 137-142.

Gulwa, U., Mgujulwa, N. and Beyene, S.T., 2017. Effect of grass-legume

intercropping on dry matter yield and nutritive value of pastures in the


http://dadf.gov.in/sites/default/filess/Key%20Results%2BAnnexure%2018.10.%202019.pdf
http://dadf.gov.in/sites/default/filess/Key%20Results%2BAnnexure%2018.10.%202019.pdf

Eastern Cape Province, South Africa. Univers. J. Agric. Res. 5: 355-
362.

Gunasekaran, S., Bandeswaran, C., Valli, C., and Gopi, H. 2017. Effect of
feeding Gliricidia sepium leaves from silvipasture model of
agroforestry in degraded wastelands on milk yield and its composition
in milch cows. Int. J. Curr. Microbiol. Appl. Sci. 6(10): 2420-2423.

Gupta, R.P. and Dakshinamoorthi, C. 1980. Procedures for Physical Analysis
of Soil and Collection of Agro-meteorological Data. Indian
Agricultural Research Institute, New Delhi, 280p.

Haile, S. G., Nair, P.K.R., and Nair, V. D. 2008. Carbon storage of different
soil-size fractions in Florida silvi pastoral systems. J. Environ. Qual.
37,1789-1797.

Harper, J. and McNeill, M. D. 2015. The role of iNDF in the regulation of
feed intake and the importance of its assessment in subtropical
ruminant systems (the role of iNDF in the regulation of forage intake).
Agric. 5: 778-790.

Harper, K.J. and McNeill, D.M. 2015. The role iNDF in the regulation of feed
intake and the importance of its assessment in subtropical ruminant
systems (the role of iNDF in the regulation of forage intake). Agric.
5(3): 778-790.

Hassan, M.R., Amodu, J.T., Muhammad, I.R., Jokthan, G.E., Abdul, S.B.,
Abdullahi, B., Adamu, H.Y., Musa, A., Sani, I., and Akpensuen, T.T.
2014. Forage Yield and Quality of Lablab (Lablab purpureus L. Sweet)
Intercropped with Maize (Zea mays L.) With Flooded Irrigation
System in the Semi-Arid Zone of Nigeria. J. Agric. Sci. 6 (11): 9752-
9760.



Hiebsch, C.K. 1978. Interpretation of yields obtained in crop mixture.
Agronomy Abstract. American Society of Agronomy, Madison.
Wisconsin, 3p.

Hunter, J.J. 1997.Plant spacing effects on root growth and dry matter
partitioning of Vitisvinifera L. cv. Pinot noir/99 Richter and
implications for soil utilisation South African J. Enology and
Viticulture 19 (2): 25-34.

Ibrahim, M., Chaco’n, M., Cuartas, C., Naranjo, J., Ponce, G., Vega, P.,
Casasola, F. and Rojas, J. 2007. Carbon storage in soil and biomass
systems of land use in livestock landscapes of Colombia, Costa Rica
and Nicaragua. Agroforestry Sys. 45:27-36

Innazent, A., Anitha, S., Thomas, C.G., Prameela, K.P., and Beena, V.I. 2019.
Biological efficiency of chilli+ amaranth intercropping system under
fertigation. J. Trop. Agric. 56(2): 213-228

Igbal, M.A., Hamid, A., Ahmad, T., Siddiqui, M.H., Hussain, I., Ali, S., Ali,
A., and Ahmad, Z. 2018. Forage sorghum-legumes intercropping:
effect on growth, vyields, nutritional quality and economic

returns. Bragantia. 78: 82-95.

Ishiaku, Y.M., Hassan, M.R., Tanko, R.J., Amodu, J.T., Abdu, S.B., Ahmed,
S.A., Bala, A.G., and Bello, S.S. 2016. Productivity of columbus grass
(Sorghum almum) intercrop with lablab (Lablab purpureus) in Shika,
Nigeria. Niger. J. Anim. Sci. 18(1): 215-229.

Jackson, M.L. 1973. Soil Chemical Analysis. Prentice Hall of India. Pvt. Ltd.
New Delhi, 498p.

Jacob, R. 1999. Intensive fodder production under irrigated conditios in partial
shade. M. Sc.(Ag) thesis, Kerala Agriicultural University, Thrissur,
128p.



Jayakumar, G.1997. Intensive fodder production through legume intercropping
in Bajra Napier hybrid. M.Sc. (Ag) Thesis. Kerala Agricultural
University, Thrissur. 130 p.

Jayakumar, M. 1988. Biomass productivity of a forage crops-based cropping
system involving C3 and C4 plants. M.Sc. (Ag) thesis, Kerala
Agricultural University, Thrissur, 69p.

Jensen, E.S., Bedoussac, L., Carlsson, G., Journet, E.P., Justes, E., and
Hauggaard-Nielsen, H. 2015. Enhancing vyields in organic crop
production by eco-functional intensification. Sustain. Agric. Res. 4(3):
42-50.

Jiang, W., Wang, K., Wu, Q., Dong, S., Liu, P., and Zhang, J.2013. Effects of
narrow plant spacing on root distribution and physiological nitrogen

use efficiency in summer maize. Crop J. 1(1): 77-83.

Jithendra, D. B., Basvaraju, G.V., Sarika, G., and Amrutha, N. 2013. Effect of
fertilizer levels and planting geometry on growth and seed yield of
single cross maize hybrid NAH-2049 (Nithyashree). J. Biol. Allied
Health Sci. 2(3): 216-220

Jones, M., Sinclair, F. L. and Grime, V. L., 1998. Effect of tree species and
crown pruning on root length and soil water content in semi-arid
agroforestry. Plant. Soil. 201(2): 197-207.

Kakar K. M., Arif M, Ali S. 2001. Effect of NP levels, seed rate and row
spacing on wheat. Pak J Biol Sci. 4:1319-1322.

Kakengi, A.M.V., Kaijage, J.T., Sarwatt, S.V., Mutayoba, S.K., Shem, M.N.,
and Fujihara, T. 2007. Effect of Moringa oleifera leaf meal as a
substitute for sunflower seed meal on performance of laying hens in
Tanzania. Bone 1(9.4): 446.

Karigoudar, A.S. and Angadi, S.S. 2005. Influence of seed rate, row spacings
and fertility levels on yield and quality of field bean for forage
production. Karnataka J. Agric. Sci. 18(2): 489-491.



Karmakar, P., Singh, V., Yadava, R.B., Singh, B., Singh, R. and Kushwaha,
M. 2016. Agathi [Sesbania grandiflora L. (Agast)]: current status of
production, protection and genetic improvement. Proceedings of
National Symposium on Vegetable Legumes for Soil and Human
Health, 12-14 February, 2016. Varanasi. ICAR Indian Institute of
Vegetable Research, Varanasi, pp. 153-161.

Karthikeyan, K., Sudhagar, J.R., Radhakrishnan, S., and Fernandaz, C.C.
2018. Compatibility studies of fodder crops with Melia dubia Cav. Life
Sci. Leafl. 102(1): 6-13.

Kaul, M., Mohren, G.M.J., and Dadhwal, V.K. 2010. Carbon storage and
sequestration potential of selected tree species in India. Mitigation
Adapt. Strategies Global Change. 15(5): 489-510.

Keerthi, M.M., Babu, R., Joseph, M., and Amutha, R. 2015. Optimizing
planting geometry and nutrient management for grain yield and

economics in irrigated greengram. Am. J. Plant Sci. 6(08): 1144.

Keuskamp, D.H., Sasidharan, R., and Pierik, R. 2010. Physiological regulation
and functional significance of shade avoidance responses to
neighbours. Plant Signaling Behav. 5(6): 655-662.

Khan, M.B. and Khalig, A. 2004. Studies on intercropping summer fodders in
cotton. J. Res. Sci. 15: 325-331.

Khan, Z.l., Ashraf, M., and Valeem, E.E. 2006. Forage mineral status
evaluation: the influence of pastures. Pak. J. Bot. 38(4): 1043.
Khimani, R.A., Satodiya, B.N., and Jadav, R.G. 2004. Cultivation aspects of
Jatropha: an overview. In: Hegde, N.G., Daniel, J.N., and Dhar, S.
(eds), Proceedings of the National Workshop on “Jatropha and other
perennial oilseed species”, 5-8 August 2003, Pune. BAIF

Development Research Foundation, Pune, pp.77-78.



Khippal, A., Singh, S., Sheokand, R., Singh, J., Verma, R. and Kumar, R.,
2016. Mechanized and profitable intercropping of legumes in autumn
planted sugarcane. Legume Res. 39(3): 411-418.

Kimura, E., Fransen, S. C., Collins, H. P., Stanton, B. J., Himes, A., Smith, J.,
Guy, S. O. and Johnston, W. J., 2018. Effect of intercropping hybrid
poplar and switchgrass on biomass yield, forage quality, and land use
efficiency for bioenergy production. Biomass Bioenergy, 111: 31-38.

Kirby, K. R.and Potvin, C. 2007. Variation in carbon storage among tree
species: Implications for the management of a small-scale carbon sink
project. For. Ecol. Manage. 246: 208-221.

Korwar, G. and Pratibha, G. 1999. Performance of short duration pulses with
African winterthorn (Faidherbia albida) in semi-arid regions. Indian J.
Agri. Sci. 69(8): 560-562.

Kousar, M., Suresh, B.G., Lavanya, G,R., and Abraham, G. 2007. “Studies of
Chlorophyll by different methods in Black gram (Vigna mungo)”. Int.
J. Agric. Res. 2: 651-654.

Krishna, D.K. 2006. Effect of time of sowing, spacing and seed rate on seed
production potentiality and quality of fodder cowpea (Vigna
unguiculata (L.) Walp). M.Sc. (Ag) thesis, University of Agricultural
Sciences, Dharwad, 345p.

Kumar, B. M., George, S. J., Jamaludheen, V. and Suresh, T. K .1998.
Comparison of biomass production, tree allometry and nutrient use
efficiency of multipurpose trees grown in wood lot and silvopastoral
experiments in Kerala, India. For Ecol Manage 112/1-2: 145-163

Kumar, B., Tirkey, N., and Kumar, S. 2017. Anti-nutrient in fodders: a review.
Chem. Sci. Rev. Lett. 6(24): 2513-25109.

Kumar, B.M. and Jose, S. 2018. Phenotypic plasticity of roots in mixed tree
species agroforestry systems: review with examples from peninsular
India. Agrofor. Syst. 92: 59-69.



Kumar, K. K. and Parameswaran, K. P. 1998. Characterisation of storage
protein from selected varieties of foxtail millet (Setaria italica (L)
Beauv). J. Sci. Food Agric. 77: 535-542

Kumar, N. and Naleeni, R. 2006. Production potential and economics of maize
(Zea mays) and guinea grass (Panicum maximum) intercropping in
different proportions under sub-tropical conditions. Forage Res. 32(3):
159-162.

Kumar, R. M., Girijesh, G. K., Krishnamurthy, N., Reddy, V. C., and Vageesh,
T. S. 2012. Yield potential, biological feasibility and economic
viability of maize (Zea mays L.) and local field bean (Dolichos lablab
L.) intercropping system in Southern Transitional Zone of Karnataka.
World Res. J. Agron. 1(1): 1-3.

Kumar, S., Tewari, S.K., and Singh, S.S. 2011. Effect of sources and levels of
sulphur and spacing on the growth, yield and quality of spring
sunflower (HelianthsannuusL.). Ind. J. Agron. 56(3): 242-246.

Kumar, S., Tewari, S.K., and Singh, S.S. 2014. Effect of sources and levels of
sulphur and spacing on the growth, yield and quality of spring
sunflower (Helianthus annuus L.). Ind. J. Agron. 56(3): 242-246.

Kumari, N. H. 2008 . Drumstick in horti- pasture system under protective
irrigation — Environ. Ecol.:26(1) 465-466

Lakshmi, R., Kumari, K., Adegbeye, M. and Ravikanth, P. 2020. Anti-
nutritional factors in Indian leguminous top feeds: A Review on their
feeding management. Int. J. Livestock Res. (10), p.8.

Lakshmi, S., Devi, L.G., Nair, M.A., and Vidya, C. 2002. Yield and economics
of fodder legume - Bajra Napier hybrid intercropping systems. Forage
Res. J. 28(1): 13-15.

Lal, R. and Kimble, J. M. 2000. Tropical ecosystems and the global C cycle.
In: Lal R, Kimble JM, Stewart BA (eds) Global climate change and
tropical ecosystems. CRC Press, Boca Raton, pp 3-32



Li, L., Zhang, F. S., Li, X. L., Christie, P., Sun, J. H., Yang, S. C., and Tang,
C. 2003. Inter specific facilitation of nutrient uptake by intercropped
maize and faba bean. Nutr. Cycling Agroecosyst. 68: 61-71.

Liao, Q.L., Evans, L.J., Gu, X,, Fan, D.F., Jin, Y. and Wang, H., 2007. A
regional geochemical survey of soils in Jiangsu Province, China:
preliminary ~ assessment  of  soil fertility  and soil
contamination. Geoderma, 142(2):18-28.

Litton, C.M., Ryan, M.G., Tinker, D.B., and Knight, D.H. 2003. Belowground
and aboveground biomass in young postfirelodgepole pine forests of
contrasting tree density. Can. J. For. Res. 33: 351-363.

Loades, K.W., Bengough, A.G., Bransby, M.F., and Hallett, P.D. 2010.
Planting density influence on fibrous root reinforcement of soils. Ecol.
Eng. 36: 276-284.

Lv, Y., Francis, C., Wu, P., Chen, X., and Zhao, X. 2014. Maize-soybean
intercropping interactions above and below ground. Crop Sci. 54(3):
914-922.

Ly, J., Ty, C. and Samkol, P., 2002. Studies on the use of acid insoluble ash as
inert marker in digestibility trials with Mong Cai pigs. Livest. Res. Rur.
Dev., 14(5).

Mahapatra, S. C. 2011. Study of grass-legume intercropping system in terms
of competition indices and monetary advantage index under acid
lateritic soil of India. Am. J. Exp. Agric. 1(1): 1-6.

Makkar, H.A. and Becker, K. 1996. Nutrional value and antinutritional
components of whole and ethanol extracted Moringa oleifera
leaves. Anim. Feed Sci. Technol. 63(1-4): 211-228.

Malami, B.S. and Samaila, M., 2012. Effects of Inter and intra row spacing on

growth characteristics and fodder yield of cowpea (Vigna unguiculata



(L.) Walp. Var. Kanannado) in the semi-Arid North-Western
Nigeria. Nigerian J. Basic Applied Sci. 20(2): 125-129.

Malhi, Y., Roberts, J. T., Betts, R. A., Killeen, T. J., Li, W., and Nobre, C.A.
2008. Climate change, deforestation, and the fate of the Amazon. Sci.
319: 169-172.

Mandal, K., Hati, K., Misra, A., Bandyopadhyay, K. 2010. Root biomass, crop
response and water-yield relationship of mustard (Brassica juncea L.)
grown under combinations of irrigation and nutrient application. Irrig.
Sci. 28: 271-280.

Manjunatha, S. B., Angadi, V. V., Pallet, Y. B., Hosmani, S. V., Babalad, H.
B., Hosmani, M. H., Mudkvi, D. H., and Channel, H. T. 2013.
Response of multi-cut fodder sorghum (COFC 29) to row spacing and
nitrogen levels under irrigated conditions. Karnataka J. Agric. Sci. 26:
511-513.

Manoj, K. N., Shekara, B. G. and Shoba, D. 2020. Production Potential and
Forage Quality of Cereal-Legume Intercropping Systems in Cauvery
Command Area of Karnataka. Int. J. Curr. Microbiol. App. Sci, 9(5):
3175-3182.

Marchiol. L., Miceli, F., Pinosa, M., and Zerbi, G. 1992. Intercropping of
soyabean and maize for silage in Northern Italy. Eur. J. Agron. 1(3):
207- 211.

Mariotti, Mose, M., Alessandro, E. L., Arduini, . 2009. Above- and below-
ground competition between barley, wheat, lupin and vetch in a cereal
and legume intercropping system. Grass Forage Sci. 64: 401-412.

Mbow, A.C., Smith, P., Skole, D., Duguma, L., and Bustamante, M. 2014.
Achieving mitigation and adaptation to climate change through
sustainable agroforestry practices in Africa. Curr. Opin. Environ.
Sustain. 6: 8-14.



McDonald, J. C. And Whitesides, G. M. 2002. Poly (dimetylsiloxane) as a
material for fabricating microfluidic devices. Acc. Chem. Res. 35(7):
491-499.

McDonald, P, Edwards, R. A, Greeenhalgh, J. F. D and Morgan, C. A. 1995.
Animal Nutrition.Longman, 5th edition, 605.

Mcdowell, L. R. 1992, Minerals in Animals and Human Nutrition. 2nd edn,
Academic Press Inclusions, New York.172-202 pp.

McGilchrist, C.A., 1965. Analysis of competition experiments. Biometrics 21:
975-985.

McKenzie, B.A. and Hill, G.D. 1995. Growth and yield of two chickpea (Cicer
arietinum L.) varieties in Canterbury, New Zealand. New Zealand J.
Crop Hort. Sci. 23(4): 467-474.

Mead, R. and Willey, R. W. 1980. The concept of a ‘land equivalent ratio’ and
advantages in yields from intercropping. Exp. Agric. 16(3): 217-228.

Meena, D. K., Sankhala, G. and Kumar, S. 2020. Utilization pattern of feed
and fodder for dairy animals in Rajasthan state of India. Int. J. Livestock
Res. 10 (3):67-73.

Meena, L. R., Mann, J. S., and Meena, R. K. 2011. Performance evaluation of
cowpea and Cenchrus setigerus intercropping and nitrogen
supplementation through organic and inorganic sources in Aonla
(Emblica officinalis) based horti- pasture system. Range Manag.
Agrofor. 32(1): 33-39

Meenakshi,K., Mohren, G. M. J. and Dadhwal, V. K. 2010. Carbon storage
and sequestration potential of selected tree species in India. Mitig.
Adapt. Strateg. Glob. Chang. 15:489-510.

Mehta, A.A., Tandel, M.B., Patel, D.P., Behera, L.K., Prajapati, D.H., and
Jadeja, D.B. 2017. Yield performance of Chlorophytum borivilianum
Sant. & fern accessions in moringa based agroforestry system. Int. J.
Agric. Sci. 9(10): 3976-3979.



Mimenza, E. H., Ibrahim, M., Harvey, C. A., Benjamin, T. and Sinclair, F. L.,
2013. Standing herbage biomass under different tree species dispersed
in pastures of cattle farms. Tropical Subtropical Agroecosys. 16(2):31-
37

Mishra, A. K., Tiwari, H. S. and Bhatt, R. K., 2010. Growth, biomass
production and photosynthesis of Cenchrus ciliaris L. under Acacia
tortillis (Forssk) Hayne based silvopastoral systems in semi arid topics.
Tropical Subtropical Agroecosys. 12(1):86-89

Misra, L.N. and Ahmad, A.S. 1989. Composition of the volatile oil from
Feronia limonia leaves. Plantamedica 55(02): 199-200.

Mithare, P. 1995. Forage and Fodder Production, Conservation for Sustainable
Milk Production in India. Agron. 57(1): 73-75.

Mohammed, A., Umer, E.M., and Karim, A. 2018. Yield and competition
indices of intercropping cotton (Gossypium hirsutum L.) using
different planting patterns. J. Agric. Sci. 14(4):326-333.

Mohan, H. M., Chittapur, B, M., and Hiremath, S.M. 2013, Evaluation of rice
bean and French bean as intercrops with maize under different row

proportions in the peninsular region. Legume Res. 36(4): 338-343.

Mokoboki, H. K. 2011. Effect of species within season on techniques used to
measure nutritive value and anti-nutritional factors in browse tree
leaves. Life Sci. J. 8(2): 112-119.

Mondal, M., Pyne, S. K., and Samanta, G. 2016. Mineral status of feeds and
fodder and its influence on livestock and its products in red lateritic
zone of West Bengal. Int. J. Bio-res. Environ. Agric. Sci. 2(2): 296-
301.

Montagnac, J.A., Davis, C.R. and Tanumihardjo, S.A., 2009. Nutritional value
of cassava for use as a staple food and recent advances for
improvement. Comprehensive reviews in food science and food
safety, 8(3):181-194.



Montagnini, F. and Nair, P.K.R. 2004. Carbon sequestration: an
underexploited environmental benefit of agroforestry systems. J. plant
nutr. soil sci. 172(1): 10-23.

Moreno, G., Obrador, J.J., and Garcia, A. 2007. Impact of evergreen oaks on
soil fertility and crop production in intercropped dehesas. Agric.
Ecosyst. Environ. 119: 270-280.

Mpairwe, D. R., Sabiiti, E.N., Ummuna, N. N., Tegegne, A., and Osuji, P.
2002. Effect of intercropping cereal crops with forage legumes and
source of nutrients on cereal grain yield and fodder dry matter yields.
Afr. Crop Sci. J. 10(1): 81-97.

Mtui, D. J, Lekule, F. P, Shem, M. N, Ichinohe, T and Fujihara ,T. 2009.
Comparative potential nutritive value of grasses, creeping legumes and
multipurpose trees commonly in sub humid region in the Eastern parts
of Tanzania. Livestock Res.Rural Dev. 21 (10).

Muhammed, M.B., Keerthika, A., Gupta, D.K., Chaudhary, K.K., Shukla,
A K., and Jangid, B.L. 2008. Effect of spacing on growth and
increment of Hardwickia binata Roxb. In semi arid region of
Rajasthan. Int. J. Econ. Plants 5(3): 127-130.

Muinga R.W., Topps,, J.H., Rooke, J.A. and Thorpe, W. 1995. The effect of
supplementation with Leucaena leucocephala and maize bran on
voluntary food intake, digestibility, live-weight and milk yield of Bos
indicus X Bos taurus dairy cows and rumen fermentation in steers
offered Pennisetum purpureum ad libitum in the semi-humid tropics.
Anim. Sci. 60, 13-23.

Munroe, J.W. and Isaac, M.E. 2015. N»-fixing trees and the transfer of fixed-
N for sustainable agroforestry: a review. Agron. Sustain. Dev. 34:417—
427.



Murali, B., Susheela, R., Shanti, M., Shailaja, K. and Shashikala, T. 2022.
Evaluation of perennial grass-legume cropping systems for year-round
supply of fodder for dairy farms. Asian J. Dairy Food Res. 41(2): 162-
167.

Mureithi, J. G., R. S. Tayler and W. Thorpe. 1995. Productivity of alley
farming with Leucaena (L. leucocephala Lam. De Wit) and Napier
grass (Pennisetum purpureum K. Schum) in coastal lowlands Kenya.
Agroforestry. Syst. 31: 59-78.

Mushagalusa, G. N., Ledent, J., and Draye, X. 2008. Shoot and root
competition in potato/maize intercropping: Efects on growth and yield.
Env. Exp. Bot. 64: 180-188.

Mwangi, D. M. and Thorpe W. 1999. The effect of establishing Desmodium
intortum and Macrotyloma axillare from vines or seeds on dry matter
yield of a Napier grass/legumes mixture. In: Mukisira, E.A., Kiriro,
F.H., Wamuongo, J.W., Wamae, L.W., Mureithi, F.M. and Wasike, W.
(eds.) Collaborative and participatory research for sustainability
improved livelihoods. Proceedings of the 7th KARI biennial scientific
conference, 13 - 17 November 2000, KARI HQs, Nairobi. Kenya. pp.
13-17.

Nadeem, M., Ansar, M., Anwar, A., Hussain, A. and Khan, S., 2010.
Performance of winter cereal-legumes fodder mixtures and their pure
stand at different growth stages under rainfed conditions of
Pothowar. J. Agric. Res. 48(2).

Nair, P. R., Nair, V. D., Kumar, B. M. and Haile, S. G., 2009. Soil carbon
sequestration in tropical agroforestry systems: a feasibility
appraisal. Environ. Sci. Policy, 12(8): 1099-1111.

Nair, P.K.R., Nair, V.D., Kumar, B.M., and Showalter, J.M. 2010. Carbon
sequestration in agroforestry systems. Adv. Agron. 108: 237-307.

Nair, P.R. and Nair, V.D., 2003. Carbon storage in North American
agroforestry systems. In: Heath LS, Birdsey RA, Lal R, Kimble JM



(eds) The potential of U.S. forest soils to sequester carbon and mitigate
the greenhouse effect. CRC Press, Boca Raton, pp 333-346.

Nasreen, V. 2018. Intercropping fodder legumes in palisade grass (Brachiaria
brizantha (Hochst. ex A. Rich.) Stapf.). M.Sc. (Ag) thesis, Kerala
Agricultural University, Thrissur, 132p.

Nassoro, Z. 2014. Evaluation of nutritive value of browse tree fodder species
indigenous to Kiteto and Kongwa districts Ph.D. thesis, University Of
Dodoma, 310p.

Neale, B.D. 2006. Effects of fertilizer application and cutting interval on nitrate
accumulation in Bermuda grass. M.Sc. (Ag) thesis, University of
Tennessee, Martin, 245p.

Neukirchen, D., Hinken, M., Lammel, J., Czypionka-Krause, O., and Olfs,
H.W. 1999. Spatial and temporal distribution of the root system and
root nutrient content of an established Miscanthus crop. Eur. J. Agron.
11: 301-309.

Niang, A., Styger, E., Gahamanyi, A., Hoekstra, D. and Coe, R., 1997. Fodder-
quality improvement through contour planting of legume-shrub/grass
mixtures in croplands of Rwanda highlands. Agroforestry sys. 39(3):
263-274.

Ning, T., Zheng, Y., Han, H., Jiang, G., and Li, Z. 2012. Nitrogen Uptake,
Biomass Yield and Quality of Intercropped Spring- and Summer-Sown
Maize at Different Nitrogen Levels in the North China Plain. Biomass
Bioenergy. 47: 91-98.

Nissen T.M., Midmore D.J., and Keeler A.G. 2001. Biophysical and economic
tradeoffs of intercropping timber with food crops in the Philippine
uplands. Agric. Syst. 67: 49-69.

Njarui, D. M. G., Njoka, E. N., Abdulrazak, S. A. and Mureithi, J. G., 2007.

Effect of Planting Pattern of Two Herbaceous Forage Legumes in



Fodder Grasses on Productivity of Grass/Legume Mixture in Semi-arid
Tropical, Kenya.

Njoka-Njiru, E. N., Njarui, M. G., Abdulrazak, S. A. and Mureithi, J.G., 2006.
Effect of intercropping herbaceous legumes with Napier grass on dry
matter yield and nutritive value of the feedstuffs in semi-arid region of
eastern Kenya. Agric Trop Subtrop, 39:.255-267.

Norton, B. W. 1990. The nutritive value of tree legumes. In: Gutteridge, R. C.,
Shelton, H.M. (Eds), Forage Tree legumes Tropical Agric. CAB
International, Wallingford, UK. 202 — 215 pp.

Nouman, W., Siddiqui, M.T., Basra, S.M.A., Farooq, H., Zubair, M., and Gull,
T. 2013. Biomass production and nutritional quality of Moringa
oleifera as a field crop. Turkish J. Agric. For. 37(4): 410-419.

Nyambati, E., Sollenberger, L., and Kunkle, W.E. 2003. Feed intake and
lactation performance of dairy cows offered napiergrass supplemented
with legume hay. Livestock Production Sci. 83. 179-189.

Obi, 1.U. 1991. Maize: Its Agronomy, Diseases, Pests, and Food Values.
Optimal Computer Solutions Ltd., Enugu, Publishers, Agbani Road
Enugu, Nigeria, XXVIII , 206p.

Olanite, J. A., Anele., Arigbede, U.Y ., Jolaosho, A.O., and Onifade, O.S. 2010.
Effect of plant spacing and nitrogen fertilizer levels on the growth, dry-
matter yield and nutritive quality of Columbus grass (Sorghum
almumstapf) in Southwest Nigeria. J. Br. Grassland Soc. 65: 369-375.

Olanite, J. A., Tarawali, S. A., and Akenova, M. E. 2004. Biomass vyield,
quality and acceptability of selected grass-legume mixtures in the moist
savanna of West Africa. Trop. Grassl. 38: 117-118.

Oliveira, D., Ramos, F. L., Veronica, A. M., Soares, R. M., David, T. S. L.,
Faria, N. J., and Castro, G. L. 2013. Comportmento de
Andropogongayanus cv. Planaltinae Panicum maximum cv. ‘tanzania’
sob sombreamento. Ciencia Rural. 43 (2): 348-354.



Oliveria, D., Ramos, F. L., Veronica, A. M., Soares, R. M., David, T. S. L.,
Faria, N. J.,, and Castro, G. L. 2013. Comportmento de
Andropogongayanus cv. Planaltinae Panicum maximum cv. ‘tanzania’
sob sombreamento. Ciencia Rural. 43 (2): 348-354.

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., and Anthony, S. 2009.
Agroforestree Database: a tree reference and selection guide version
4.0. World Agroforestry Centre, Kenya

Padhi, A. K. and Panigrahi, R. K. 2006. Effect of intercrop and crop geometry
on productivity, economics, energetics and soil fertility status of maize

based intercropping systems. Indian J. Agron. 51(3): 174-177.

Palled, Y. B. 1985. Agronomic investigation on subabul. Ph D thesis,

University of Agrilcultural Sciences, Bangalore, Karnataka, 345p.

Palm, C. A., Tomich, T., Van Noordwijk, M., Vosti, S., Alegre, J., Gockowski,
J., and Verchot, L. 2004. Mitigating GHG emissions in the humid
tropics: Case studies from the Alternatives to Slash-andBurn Program
(ASB). Environ. Dev. Sust. 6: 145-162.

Pandey, P., Bajpai, A., M. C., Bhambari and Bajpai, R. K. 2020. Effects of
Intercropping on Chlorophyll Content in Maize (Zea mays L.) and
Soybean (Glycine max L.). Int. J. Curr. Microbiol. App. Sci. 9(6): 376-
383.

Patel, B., Achariya, B., and Bupripata, N.P. 2002. Allelopathic effects of
eucalyptus leaves on seed germination and seedling growth of winter
wheat. Proc. Indian Soc. Allelopathy pp.115-119.

Patrick, A., Raj, A., Raj, A.K., Kunhamu, T.K., Jamaludheen, V., and
Santhoshkumar, A.V. 2020. Productivity of tree fodder banks in a
typical homegarden of Central Kerala. Indian J. Agrofor. 22(1): 17-23.

Paudyal, B.K. 2003. Agroforestry and soil fertility improvement: a review.
Nepal J. Sci. Technol. 5: 101-106.



Pausch, J., Tian, J., Riederer, M., and Kuzyakov, Y. 2013. Estimation of
rhizodeposition at field scale: upscaling of a C-14 labeling study. Plant
Soil. 364: 273-285.

Peichl, M. and Arain, M. A., 2006. Above-and belowground ecosystem
biomass and carbon pools in an age-sequence of temperate pine
plantation forests. Agric. Forest Meteorolol. 40(1-4): 51-63.

Pierret, A., Maeght, J.L., Clément, C., Montoroi, J.P., Hartmann, C., and
Gonkhamdee, S. 2016. Understanding deep roots and their functions in
ecosystems: an advocacy for more unconventional research. Ann Bot.
118:621-635.

Place, F., Roothaert, R.L., Maina, L., Franzel, S., Sinja, J., and Wanjiku, J.
2009. The impact of fodder trees on milk production and income
among smallholder dairy farmers in East Africa and the role of
research. ICRAF Occasional Paper No. 12, World Agroforestry Centre,
Nairobi, Kenya, 55p.

Place, F., Roothaert, R.L., Maina, L., Franzel, S., Sinja, J., and Wanjiku, J.
2009. The impact of fodder trees on milk production and income
among smallholder dairy farmers in East Africa and the role of

research. Tropical grasslands, 37(4): 239-250.

Pragatheeswaran, M., Kalaiyarasan, C., Jawahar, S., Kanagarajan, R., and
Suseendran, K. 2021. Effect of different planting geometry and sulphur
fertilization on vyield, quality, nutrient uptake and post harvest soil
nutrient status of sunflower in sunflower + green gram intercropping
system. Plant Arch. 21(1): 959-96

Prasad, J.V.N.S., Korwar, G.R., Rao, K.V., Mandal, U.K., Rao, C.A.R., Rao,
G.R., Ramakrishna, Y.S., Venkateswarlu, B., Rao, S.N., Kulkarni,
H.D., and Rao, M.R. 2010. Tree row spacing affected agronomic and



economic performance of eucalyptus-based agroforestry in Andhra
Pradesh, southern India. Agrofor. Syst. 78(3): 253-267.

Premi, O. P., Sood, B. R. and Katoch, D. C., 2001. Production potential, quality
and carrying capacity of improved grassland vis-a-vis silvipastoral
system. Indian J. Animal Res. 35(1): 62-64.

Pugalenthi, M., Vadivel, V., Gurumoorthi, P., and Janardhanan, K. 2004.
Comparative nutritional evaluation of little known legumes,
Tamarindus indica, Erythrina indica and Sesbania bispinosa. Trop.
Subtrop. Agroecosyst. 4: 107-123.

Rahman, M.M. and Kawamura, O. 2011. Oxalate accumulation in forage
plants: some agronomic, climatic and genetic aspects. Asian-Aust. J.
Anim. Sci. 24(3): 439-448.

Rahman, M.M., Abdullah, R.B., and Khadijah, W.E. 2013. A review of oxalate
poisoning in domestic animals: tolerance and performance aspects. J.
Anim. Physiol. Anim. Nutr. 97: 605-614.

Raj, A. K., Kunhamu, T. K., Jamaludheen, V. and Kiroshima, S., 2016. Forage
yield and nutritive value of intensive silvopasture systems under cut
and carry scheme in humid tropics of Kerala, India. Indian J.
Agroforestry, 18(1): 47-52.

Ram, S. N. 2009. Production potential, biological feasibility and economics of
guinea grass (Stylosanthes hamata) intercropping systems under
various fertility levels in rainfed conditions. Indian J.  Agric.
Sci. 79(11): 871-875.

Ram, S.N. 2008. Productivity and quality of pasture as influenced by planting
pattern and harvest intervals under semi-arid conditions. Indian J.
Agric. Res. 42(2): 128-131.

Ram, S.N. and Singh, B. 2003. Physiological growth parameters forage yield
and nitrogen uptake of sorghum (Sorghum bicolor) as influenced with



legume intercropping, harvesting time and nitrogen level. Indian J.
Agron. 48(1): 38-41.

Ram, S.N., Kumar, S., Roy, M.M., and Baig, M.J. 2006. Effect of legumes and
fertility levels on buffel grass (Cenchrus ciliaris) and annona (Annona
squamosa) grown under horti-pasture system. Indian J. Agron. 51(4):
278-282.

Rani, S., Rajakumar, D., Shoba, N., and Maheswarappa, H.P. 2020.
Productivity and economic advantages of flower crops in coconut
based intercropping system. Indian J. Hort. 75(2): 279-282.

Raza, M.A., Bin Khalid, M.H., Zhang, X., Feng, L.Y., Khan, I., Hassan, M.J.,
Ahmed, M., Ansar, M., Chen, Y.K.,, Fan, Y.F., and Yang, F. 2019.
Effect of planting patterns on yield, nutrient accumulation and
distribution in maize and soybean under relay intercropping
systems. Sci. Rep. 9(1): 1-14.

Reddy, S.A. and Pallad, Y.B. 2016. Effect of intercropped fodder cowpea on
maize and system productivity in maize + fodder cowpea intercropping
systems. J. Farm Sci. 29(2): 265-267.

Reid, G.K.R. and Thomas, D.A. 1973. Pastoral production, stocking rate and

seasonal conditions. Q. Rev. Rural Econ. 26(4): 217.

Rekib, A., Bhutani, D.K., and Khan, T, A. 1987. Enrichment of tropical grasses
with legume forage. Forage Res. 13: 63-69.

Ren, X., Chen, J., Deschénes, J.S., Tremblay, R., and Jolicoeur, M. 2016.
Glucose feeding recalibrates carbon flux distribution and favours lipid
accumulation in Chlorella protothecoides through cell energetic
management. Algal Res. 14: 83-91.

Rivest, D., Cogliastro, A., Bradley, R. L. and Olivier, A. 2010. Intercropping
hybrid poplar with soybean increases soil microbial biomass, mineral

N supply and tree growth. Agroforestry Sys. 80(1): 33-40.



Rubanza, C.D.K. 2005. Studies on utilization of browse tree fodder
supplements to ruminants fed on low quality roughages in north-
western Tanzania. PhD Thesis. Tottori University, Japan. pp. 44-47.

Saka, A.R., Bunderson, W.T., Itimu, O.A., Phombeya, H.S.K., and Mbekeani,
Y. 1994. The effects of Acacia albida on soils and maize grain yields
under smallholder farm conditions in Malawi. For. Ecol. Manage. 64:
217-230.

Samra, J. S. and Singh, S. C., 2000. Silvopasture systems for soil, water and
nutrient conservation on degraded land of Shiwalik foothills (sub-
tropical northern India). Indian J . Soil Conservation. 28(1): 35-42.

Sankaranarayan, K., Solaimalai, A., and Sankaran, N. 2005. Intercropping of
legumes in fodder sorghum - a review. Agric. Rev. 26(3): 217-222

Sarvade, S., Mishra, H.S., Kaushal, R., Chaturvedi, S., Tewari, S., and Jadhav,
T.A. 2014. Performance of wheat (Triticum aestivum L.) crop under
different spacings of trees and fertility levels. Afr. J. Agric. Res. 9(9):
866-873.

Sath, K., Pauly, T., and Holtenius, K. 2013. Mineral status in cattle fed rice
straw and para grass combined with different levels of protein derived
from cassava foliage. Asian-Austr. J. Anim. Sci. 26(1): 59.

Schlemmer, M.R., Francis, D.D., Shanahan, J.F., and Schepers, J.S. 2005.
“Remotely measuring chlorophyll content in corn leaves with differing

nitrogen levels and relative water content”. Agron. J. 97:106-112.

Senevirathna, A.M.W.K., Stirling, C.M., and Rodrigo, V.H.L. 2003. Growth,
photosynthetic performance and shade adaptation of rubber (Hevea
brasiliensis) grown in natural shade. Tree Physiol. 23(10): 705-712.

Sennhenn, A., Njarui, D. M. G., Maass, B. L., and Whitbread, A. M. 2017.
Understanding growth and development of three short-season grain
legumes for improved adaptation in semi-arid Eastern Kenya. Crop.
Pasture Sci. 68: 442—456.



Seresinhe, T. and Pathirana K.K. 2000. Associate effects of tree legumes and
effects of cutting height on the yield and nutritive value of Panicum

maximum cv. Guinea. Trop. Grasslands. 34: 103-1009.

Seresinhe, T., Hartwig, U. A., Kessler, W. and Noesberger, J. 1994. Symbiotic
nitrogen fixation of white cloves in a mixed sward is not limited by
height of repeated cutting. J. Agron. Crop Sci. 172: 279-288.

Shahapurkar, P.R. and Patil, V.C. 1989. Intercropping studies in maize (Zea
mays). Korean J. Agric. Sci. 2: 320-323.

Shankar, V., Dadhich, N.K., and Saxena, S.K. 1976. Effect of Khejri tree
(Prosopis cineraria McBride) on the productivity of range grasses
growing in its vicinity. Forage Res. 2: 91-96.

Sharanya, B.R., Naruka, I.S., Shaktawat, R.P.S., Kushwah, S.S., Singh, O.P.,
and Singh, D. 2018. Effect of planting geometry on growth, yield and
quality of different varieties of fenugreek (Trigonellafoenum-graecum
L.). Indian J. Agric. Res. 3(52): 323-326.

Sharma, K. C. 2013. Effect of row spacing and nitrogen levels on the
productivity of sewan grass in hot arid regions of western Rajasthan.
Forage Res.39: 20-24

Sharma, V., Kumar, D., Prasad, M., and Singh, C. 2017. Effect of tree spacing
on growth performance of Terminalia composita in Punjab region of
North India. J. Agroecol. Nat. Resour. Manag. 4(4): 298-301.

Sharu, S.R. 2016. Production package of palisade grass (Brachiariabrizantha
(Hochst ex a.Rich.) Stapf.). Ph.D. thesis, Kerala Agricultural
University, Thrissur, 346p.

Shivprasad, M. and Singh, R. 2017. Effect of planting geometry and different
levels of nitrogen on growth, yield and quality of multicut fodder
sorghum (Sorghum bicolor (L.) Monech). J. Pharmacognosy.
Phytochemistry, 6(4): 896-899.



Siddiqui, D.A., Sharma, G.K., Chandrakar, T., Thakur, A.K., Pradhan, A.
2020.Differential levels of fertilizer and row spacing affects growth
and yield of brown top millet [Brachiariaramosa (L.)] in entisols of
bastar plateau zone of Chhattisgarh. Int. J. Curr. Microbiol. Appl. Sci.
9(8):3459-3472.

Sileshi, G., Akinnifesi, F .K., Ajayi, O.C., Chakeredza, S., Kaonga, M., and
Matakala, P. W. 2007. Contributions of agroforestry to ecosystem
services in the miombo eco-region of eastern and southern Africa. Afr.
J. Environ. Sci. Tecnnol. 1: 68-80.

Simpson, J.E., Adair, C.R., Kohler, G.D., Dawson, E.N., Debald, H.A., Kester,
E.B., and Klick, J.T. 1965. Quality Evaluation of Foreign and
Domestic Rices. Technical Bulletin No. 1331 series, USDA, 250p.

Singh, A., Tiwana, U.S., Tiwans, M.S., and Puri, K.P. 2000. Effect of
application method of level of nitrogen fertilizer on nitrate content in
oat fodder. Indian J. Anim. Nutr. 17: 315-319.

Singh, G. S., Singh, N.T., Dagar, J.C., Singh, H., and Sharma, V. P. 1997. An
evaluation of agriculture, forestry and agroforestry practices in a

moderately sodic soil in north-west India. Agrofor. Syst. 37: 279-95.

Singh, S. and Banu, V.S. 2014. Drumstick (Moringa oleifera Lam.): a
universal agent against micronutrient malnutrition, Indian J. Nutr.
Dietetics 51: 449.

Sleugh, B., Moore, K. J., George, J. R., and Brummer, E. C. 2000. Binary
legume—grass mixtures improve forage yield, quality, and seasonal
distribution. Agron. J. 192: 24-29.

Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K., Tignor,
M. and Miller, H., 2007. IPCC fourth assessment report (AR4). Climate
change, 374.



Somashekar, K. S., Shekara, B. G., Kalyanamurthy, K. N. and Lohithaswa, H.
C., 2015. Growth, yield and economics of multi-cut fodder sorghum
(Sorghum sudanense L.) as influenced by different seed rates and
nitrogen levels. Forage Res. 40(4): 247-250.

Sood, B.R. and Sharma, V.K. 1996. Effect of intercropping and planting
geometry on the yield and quality of forage maize. Forage Res. 24(4):
190-192.

Sreekanth, N.P, ShanthiPrabha, V., Padmakumar, B., and Thomas, A.P. 2013.
Soil carbon alterations of selected forest types as an environmental
feedback to climate change. Int. J. Environ. Sci. 3(5): 1516-1530.

Stacciarini, T.D.C.V., de Castro, P.H.C., Borges, M.A., Guerin, H.F., Moraes,
P.A.C., and Gotardo, M. 2010. Effect of row spacing reduction and
increase in population density on agronomic traits of corn. Revista
Ceres 57(4): 516-519.

Stokes, A., Atger, C., Bengough, A.G., Fourcaud, T., and Sidle, R.C. 2009.
Desirable plant root traits for protecting natural and engineered slopes
against landslides. Plant Soil. 324:1-30.

Streck, N. A., Pinheiro, D. G., Junior Zanon, A., Gabriel, L. F., Rocha, T. S.
M., Souza, A. T. D. and Silva, M. R. D. 2014. Effect of plant spacing
on growth, development and vyield of cassava in subtropical
environment. Bragantia, 73: 407-415.

Strydhorst, S. M., King, J. R., Lopetinsky, K. J., and Harker, K. N. 2008.
Forage potential of intercropping barley with faba bean, lupin, or field
pea. Agron. J. 100: 182-190.

Subbiah, B.V. and Asija, G.L. 1956. A rapid procedure for the estimation of
available nitrogen in soils. Curr. Sci. 29: 259-260.

Subbulakshmi, V., Srinivasan, K., Divya, M.P., and Mani, P. 2019. Effect of
spacing and intercropping on the growth of Jatropha curcas and



availability of light under agroforestry system in Tamil Nadu, India.
Int. J. Curr. Microbiol. App. Sci. 8(6): 995-1002.

Sunilkumar, Rawat, C. R ., and Melkania, N. P. 2005. Forage production,
potential and economics of maize (Zea mays) and cowpea (Vigna
unguiculata) intercropping under rainfed conditions. Indian J. Agron.
50(3): 184-186.

Susheela, M. R. and Lakshmi, S. 2015. Growth characters of fodder cowpea
varieties as influenced by soil moisture stress levels. Indian J. Agric.
Res. 49(5): 464-467.

Susheela, R., Balazzii Naaiik, R.VV.T., Shanti, M., Shashikala, T., Anuradha,
M. and Chandrika, V. 2020. Studies on silvi-pasture systems for
intensive fodder production.

Tahir, M., Malik, M. A., Tanveer, A. and Rashid, A. 2003. Competition
functions of different canola-based intercropping systems. Asian J.
Plant Sci., 2: 9-11.

Thakur, A.K., Thakur, D.S., Patel, R.K., Pradhan, A., and Kumar, P. 2015.
Effect of different planting geometry and nitrogen levels, inrelation to
growth characters, yield and economics on sweet corn (Zea Mays
Sachharata L.) At Bastar Plateau Zone. Bioscan. 10(3): 1223-1226.

Thakur, N.S., Mohanty, S., Hegde, H.T., Chauhan, R.S., Gunaga, R.P., and
Bhuva, D.C. 2019. Performance of Melia dubia under Cymbopogon
spp. based agroforestry systems. J. Tree Sci. 38(1): 28-34.

Thampi, C. A. 2017. Magnesium nutrition in Bajra Napier hybrid. M. Sc. (AQg)
thesis, Kerala Agricultural University, Thrissur, 130p.

Thomas, K.M. 1973. Nutrient composition of coconut leaves and its
relationship to nut yields in Tanzania. East Afr. Agric. For. J. 39(2):
170-175.

Thomas, U. C., Agrawal, R. K., Anita, M. R. and Mubeena, P., 2021a.

Intensive forage production through Agati based (Sesbania grandiflora



(L.) Pers.) fodder production systems in Kerala. Range Manag.
Agroforestry, 42(2): 307-311.

Thomas, U. C., Agrawal, R. K., Anita, M. R. and Mubeena, P., 2021b. Carbon
sequestration potential of grass based fodder production systems in
humid tropics of Kerala. Range Manag. Agroforestry, 42(1): 104-109.

Thomas, U.C., Abraham, M., and Sharu, S.R. 2016. Banana based fodder
intercropping in the homesteads of Kerala. In: Das, S., Prasad, N.B.N.,
Jayakumar, P., Harinarayanan, P., Raveendran, P., Sabu, M., and
Kumar, V. (eds), Proceedings of the Twenty-eighth Kerala Science
Congress, 28-30 January 2016, Thiruvananthapuram. Kerala State
Council for Science, Technology and Environment, Government of
Kerala, pp.205-207.

Turnbull, J. C., Tans, P. P., Lehman, S. J., Baker, D., Conway, T. J., Chung,
Y. S., Gregg, J., Miller, J. B., Southon, J. R. and Zhou, L. X. 2011.
Atmospheric observations of carbon monoxide and fossil fuel CO2
emissions from East Asia. J. Geophysical Res. Atmospheres, 116: 24-
26.

Upreti, C. R. and Shrestha, B. K. 2006. Nutrient contents of feeds and fodder
in Nepal, feedstuff and animal Production in Nepal. Animal Nutrition
Division, NARC Kathmandu, Nepal. [On-line] Available: www.narc-
nepal.org [05 Aug.2021]

Valladares, F. And Niinemets, U. 2008. Shade tolerance, a key plant feature of
complex nature and consequences. Annu. Rev. Ecol. Evol. Syst.
39(1):237-257.

Van Noordwijk, M., Lawson, G., Hairiah, K., and Wilson, J. 2015. Root
distribution  of trees and crops:  competition  and/or
complementarity. Tree-crop interactions: agroforestry in a changing
climate, pp.221-257.


http://www.narc-nepal.org/
http://www.narc-nepal.org/

Van Soest, P.J., Robertson, J.B., and Lewis, B.A. 1991. Methods for dietary
fiber, neutral detergent fiber, and non starch polysaccharides in relation
to animal nutrition. J. Dairy Sci. 74: 3583-3597.

Van Soest, P.V., Robertson, J.B., and Lewis, B.A. 1994. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in relation
to animal nutrition. J. Dairy Sci. 74(10): 3583-3597.

Varsha, K. M., Raj, A. K., Kurien, E. K., Bastin, B., Kunhamu, T. K. and
Pradeep, K. P., 2019. High density silvopasture systems for quality
forage production and carbon sequestration in humid tropics of
Southern India. Agroforestry Sys, 93(1): 185-198.

Velayudham, K., Babu, C., lyanar, K., and Kalamani, A. 2011. Impact of
planting geometry and fertilizer levels on Bajra Napier hybrid
grass. Indian J. Agric. Sci. 81(6):575.

Velayudham, K., Babu, C., lynar K., and Kalamani, A. 2011. Impact of
planting geometry and fertilizer levels on bajranapier hybrid grass.
Indian J. Agric. Sci. 81: 575-577.

Verma, A., 2012. Growth, physiology and yield of chilli (Capsicum annum L.)
genotype under different fertility levels. M. Sc. (Ag) thesis. Indira
Gandhi Krishi Vishwavidyalaya, Raipur, C.G, India

Vliegher, D.A. and Carlier, L. 2008. Potential of fodder legumes under
intensive farming conditions in Flanders. Grassland Science in
Europe. 13(1):236:238.

Wahua, T.A.T. 1983. Nutrient uptake by intercropped maize and cowpeas and
a concept of nutrient supplementation index (NSI). Exp. Agric. 19(3):
263-275.

Wijitphan, S.W., Lorwilai, P., and Arkaseang, C. 2009. Effect of plant spacing

on yields and nutritive value of Napier grass (Pennisetum purpureum



Schum.) under intensive management of nitrogen fertilizer and
irrigation. Pakist. J. Nutr. 8: 1240-1243.

Willey, R. W. 1979. Intercropping - its importance and research needs Part -1.
Competition and yield advantages. Field Crop Abst. 32 (1): 1-10.

Willey, R. W. and Osiru, D. S. O. 1972. Studies on mixtures of maize and
beans (Phaseolus vulgaris) with particular reference to plant
population. J. Agric. Sci. Camb. 79: 519- 529.

Willey, RW. and Rao, M. R., 1980. A competitive ratio for quantifying
competition between intercrops. Exp. Agric. 16: 117-125

Xu, B., Shan, L., Zhang, S., Deng X., and Li, F. 2008. Evaluation of Switch
grass and sainfoin intercropping under 2 : 1 row replacement in
semiarid region north west China. Afri. J. Biotech. 7 (22): 4056-4067.

Yadav, R.S. and Yadav, O.P. 2001. The performance of cultivars of pearl
millet and cluster bean under sole cropping and intercropping systems

in arid zone conditions in India. Exp. Agric. 37(2):231-40.

Yadava, A. K. 2010. Carbon Sequestration: underexploited environmental
benefits of Tarai agroforestry systems. Report and Opinion. 2(11):234-
244,

Yang, F., Liao, D., Fan, Y., Gao, R., Wu, X., Rahman, T., Yong, T., Liu, W.,
Liu, J., Du, J. and Shu, K., 2017. Effect of narrow row planting patterns
on crop competitive and economic advantage in maize—soybean relay

strip intercropping system. Plant Production Sci., 20(1): 1-11.

Yang, Q., Li, Y.M,, Xiao, K., and Dou, Y. H. 2002. Effect of different amount
of nitrogen on flag leaf senescence and yield components of wheat. J
HebeiAgric Univ. 25(4): 20—24.

Yanjun, Y, Z., Jinhua, C., Linjing, J., Aiging, Z., Hongmei., and Pingyi, G.
2018. Effects of fertilizer levels and plant density on chlorophyll



contents, its fluorescence and grain yield of setariaitalica. Int. J. Agric.
Biol. 20: 737-744.

Yasin, M., Malik, M. A., and Nazir, M. S. 2003. Plant spacing cum nitrogen
management effect on forage yield of mott grass. Pakist. J. Agron. 2:
13- 19.

Yayeh, B., Fetien, A., and Tadesse, D. 2014. Effect of lupine (Lupinus spp.)
intercropping and seed proportion on the yield and yield component of
small cereals in North western Ethiopia. Afr. J. Agric. Res. 9(30):
2287-2297.

Yilmaz, S., Atak, M., and Erayman, M. 2008. Identification of advantages of
maize-legume intercropping over solitary cropping through
competition indices in the East Mediterranean Region. Turk. J. Agric.
For. 32(2): 111-119.

Yucesan, Z., Hacisalihoglu, S.E.Z.G.I.N., Kezik, U.G.U.R. and Karadag, H.
2019. Effects of canopy on soil erosion and carbon sequestration in a
Pedunculate Oak (Quercusrobur L. subsp. robur L.) coppice stand
during the conversion process into high forest. Austrian J. For. Sci.
136(1): 123-135

Zaman, l., Ali, M., Shahzad, K., Tahir, M.S., Matloob, A., Ahmad, W., Alamri,
S., Khurshid, M.R., Qureshi, M.M., Wasaya, A., and Baig, K.S. 2021.
Effect of plant spacings on growth, physiology, yield and fiber quality
attributes of cotton genotypes under nitrogen
fertilization. Agron. 11(12): 2589.

Zhang, D., Zhang, C., Tang, X., Li, H., Zhang, F., Rengel, Z., Whalley, W.R.,
Davies, W.J. and Shen, J., 2016. Increased soil phosphorus availability
induced by faba bean root exudation stimulates root growth and

phosphorus uptake in neighbouring maize. New. Phytol. 209: 823-831.



Zhang, J. Ritchie, M.W., Maguire, D.A., and Oliver, W.W. 2013. Thinning
ponderosa pine (Pinus ponderosa) stands reduces mortality while
maintaining stand productivity. Canadian J. For. Res. 43: 311-320.

Zhang, Q.C., Wang, G.H., Feng, Y.K,, Qiao, P.Y., and Schoenau, J.J. 2011.
Effect of potassium fertilization on soil potassium pools and rice
response in an intensive cropping system in China. J. Plant Nutr. Soil.
174: 73—80

Zhu, X.K., Guo, W.S., and Feng, C.N. 1998. The regulation effect of density
and nitrogenous fertilizer quantity on grain yield and quality in hybrid
wheat. J. Wheat Res. 19: 6



APPENDIX I

Weather parameters during the period of experiment

First year Second year

Standard Mean . Mean .
week | temperature | MEANRH L Rain o erature | MeanRH | Rain
o (%) Fall o (%) Fall

(°C) (°C)
i i (cm) : i (cm)
Max | Min | Max | Min Max Min Max | Min

24 311 | 248 | 93.3 | 80.0 | 114.4 | 32.6 | 25.7 | 90.4 | 741 | 15.0
25 31.9 | 249 | 90.0 | 787 | 286 | 32.3 | 245 | 887 | 73.7 | 12.8
26 321|261 | 871 | 753 | 00 | 313 | 247 | 914 | 769 | 484
27 322 | 259 | 903 | 771 | 321 | 321 | 246 | 909 | 75.7 | 15.1
28 308 | 254 | 903 | 79.0 | 421 | 324 | 252 | 87.9 | 723 | 1.4
29 301 | 237 | 941 | 81.6 | 1008 | 31.6 | 25.0 | 91.3 | 747 | 11.4
30 304 | 243 | 923 | 824 | 77 | 313 | 242 | 91.9 | 76.9 | 53.0
31 315 | 256 | 89.3 | 77.6 | 175 | 30.3 | 24.3 | 92.4 | 81.3 | 34.2
32 30.0 | 236 | 94.6 | 81.7 | 198.1 | 303 | 238 | 95.7 | 80.9 | 144.7
33 304 | 241 | 91.6 | 76.6 | 182 | 32.6 | 31.3 | 89.9 | 68.4 | 2.0
34 311 | 242 | 921 | 774 | 349 | 326 | 256 | 90.1 | 729 | 0.0
35 307 | 239 | 931 | 779 | 91.9 | 327 | 25.9 | 901 | 729 | 0.0
36 30.9 | 244 | 90.6 | 80.1 | 84.0 | 31.4 | 247 | 97.1 | 76.7 | 229.9
31 313 | 244 | 889 | 76.4 | 12.9 | 30.5 | 23.9 | 946 | 89.3 | 46.9
38 309 | 249 | 911 | 779 | 194 | 30.8 | 243 | 96.3 | 90.6 | 128.6
39 31.0 | 242 | 93.3 | 756 | 1238 | 31.2 | 251 | 933 | 87.1 | 34




First year Second year

St\?vr::?(rd teml\p/)l:;r:ure Mean RH | Rain tem'\g:;r':ure Mean RH | Rain
°C) (%) Fall °C) (%) Fall

Max | Min | Max | Min (cm) Max | Min | Max | Min (em)

4 311 | 244 | 917 | 770 | 1331 | 30.7 | 240 | 95.7 | 859 | 118.2
42 309 | 242 | 949 | 803 | 1257 | 30.7 | 24.8 | 93.7 | 809 | 267
4 303 |236| 913|777 | 428 | 319 | 253 | 903|827 | 08
44 28.8 | 24.0 | 95.0 | 78.7 | 1056 | 324 | 252 | 88.4 | 747 | 0.0
45 | 325|248 | 893|681 | 00 |332| 258 | 921 | 763 | 24
4 1325 | 246|907 |674| 90 | 306 | 245 | 947 | 861 | 71.0
47 321 | 243 | 924 | 744 | 499 | 326 | 249 | 917 | 753 | 0.
4 1326 | 245|940 | 691 | 310 | 330 | 251 | 886|781 | 117
49 320 | 241 | 91.3 | 696 | 381 | 31.3 | 243 | 933 | 817 | 60.9
0 1322 (236|910 |709 | 530 | 328 | 244 | 934 | 747 | 04
>1 314 | 239 | 929 | 724 | 414 | 322 | 239 | 944 | 834 | 95
52 319 | 238 | 92.7 | 69.0 | 605 | 332 | 235 | 89.7 | 740 | 0.0
! 322 | 241 | 923 | 661 | 00 |320| 236 | 947 | 840 | 322
2 320 | 227 | 934 | 663 | 450 | 30.4 | 240 | 944 | 879 | 423
3 322 | 225 | 923 | 637 | 100 | 320 | 242 | 927 | 773 | 1.4
4 327|230 | 914 | 641 | 00 |326| 222 | 921 | 716 | 0.0
> 327 | 223 [ 927 | 579 | 00 |330| 237 | 914 | 69.1| 0.0
6 325 | 23 | 924 | 633 | 112 | 320 | 235 | 912 | 772 | 0.0
7 321 | 22 | 925 | 643 | 00 | 330 | 224 | 922 | 872 | 1.2




APPENDIX 11

Average input cost and market price of produce

Items Cost %)
Inputs

Labour wage 850 per day
Planting material (BN hybrid) 1 per slip
Agathi seeds 450 kgt
Erythrina seeds 350 kgt
Moringa seeds 70 kg'*
FYM 5 kg
Urea 8 kg™
Rajphos 15 kg™t
Muriate of Potash (MOP) 23 kgt
Market price of produce

BN hybrid 2kg?
Tree fodders 2 kgt




APPENDIX 111
Cost of cultivation (Z ha?)

Treatments Cost of cultivation
® ha'l)
C1F1G1 41493.9
CiF1G2 39915.08
CiF1G3 38491.63
C1F2G: 35518.97
CiF2G2 36208.2
C1F2G3 26346.29
C1F3G1 36656.45
C1F3G2 37191.45
C1FsGs 29672.73
C2F1G1 85325.4
CaF1G2 95275.01
CaF1G3 88161.93
C2F2G1 78608.6
C2aF2G2 84923.42
C2aF2Gs 70084.59
C2F3G1 95916.52
C2F3G2 85739.87
C2F3Gs 84583.98
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ABSTRACT

An investigation entitled “Performance and car.bon sequestration potential
of top feeds under varied planting geometry” was carried out as two experiments
at College of Agriculture, Vellayani, Thiruvananthapuram, Kerala from 2018 to
2021 to standardize the optimum plant population for higher green forage yield,
quality and carbon sequestration potential, to assess the performance of different
plant species as top feeds under sole and intercropping system and to assess the
quality of predominant fodder trees and shrubs of southern Kerala.

The study was undertaken as two separate experiments. Experiment I
entitled “Performance and carbon sequestration potential of top feeds under varied
planting geometry with and without intercrop” was conducted from April 2019 to

April 2021 at Instructional Farm, College of Agriculture, Vellayani. The

experiment was laid out in split-split plot design with 18 treatment combinations

and three replications. The treatments consisted of two cropping systems (Ci-sole
e top feeds (Fi-agathi

crop of top feeds, C2- intercrop of Bajra Napier hybrid), thre
Drumstick (Moringa

(Sesbania grandiflora), Fy-erythrina (Erythrina indica) F3-
oleifera) and three planting geometry (Gi-2 m X 1 m, G2- 2 m x 0.5 m, G3-paired

system). The harvest of main crops viz., agathi, eryt

taken at an interval of three months. However the firs
t harvests at an interval of

hrina and drumstick were

t harvest of Bajra Napier
hybrid was taken 75 days after planting and subsequen

45 days.
Among cropping systems, intercropping top feeds with Bajra Napier
brid (C2) recorded the highest number of branches (10.19) and leaf stem ratio

hy
significant in first year. Among top

(0.74) in second year and both were non-
gathi recorded significantly more number 0

years. The highest total green fodder yiel
were notice

f branches and leaf stem ratio
d of 18.60 t ha™! yr'' and total
d in Ca. Agathi recorded

feeds, a

in both the

dry fodder yield of 4.76 t ha' yr'

the highest total green fodder yield (21.97
ficantly the lowest yield.

B I d
significantly t ha! yr'!) and dry fodder

yield (5.57 t hal yr
green fodder yield and dry fodder yie

-1y and erythrina recorded signi
1d were comparable for both

However total



2 m x 0.5 m (G2) and paired syste‘m‘ (G3). The highest dry matter content was
noticed in C; in second year and among different top feeds, erythrina recorded the
highest content (25.42%) in the first year. The highest root fresh weight (1369 g
plant™'), dry weight (204.25 g plant™) and root volume (1216.95 cm’plant™') were

observed in C; and among top feeds, agathi recorded the highest value.

Plant height, leaf stem ratio, number of tillers and tussock diameter were
found to be higher when Bajra Napier hybrid was intercropped with erythrina (F2)
and the same treatment recorded significantly higher total green fodder yield
(73.12 t ha'') and dry fodder yield (18.63 t ha™). Among planting geometry, G2
recorded the tallest plant, higher leaf stem ratio, number of tillers and tussock
diameter in both the years with significantly higher green fodder yield
(75.66 t ha'') and dry fodder yield (19.24 t ha™").

Significantly higher crude protein content (20.62 %) and lowest crude
fibre content (14.47%) were noticed in C3 in the second year. Moreover, agathi
recorded significantly higher crude protein and the lowest crude fibre content in
both years. The treatment G3 recorded the highest crude protein content in first
year (20.69 %) and that of G, iﬁ second year (21.08 %). However G recorded
lowest crude fibre content in second year. Crude protein content of Bajra Napier
hybrid was found to be higher in F, during first year (9.33 %) and second year
(9.74 %). However F) recorded the lowest crude fibre content (32.57 %) in the
second year. Among planting geometry, G, recorded the highest crude protein
content during both first year (9.21%) and second year (9.18%).

Total chlorophyll content of top feeds varied significantly with planting
geometry and the highest value was noticed in agathi in first (2.19 mg g'') and
second (2.17 mg g’') year. Total chlorophyll content of Bajra Napier hybrid was
the highest in F) in first year (1.11 mg g) and it was non-significant in second
year. Regarding planting geometry, total chlorophyll content of top feeds were
non-significant in both the years, however the highest chlorophyll content of Bajra
Napier hybrid was noticed in2 m x 1 m geometry during second year.

Among different treatment combinations, intercrdpping agathi at 2 m x 0.5

m recorded the highest land equivalent ratio (2.37), area time equivalent ratio



(2.37) and monetary advantage index (158920). The highest competitive ratio of
3.35 was noticed when agathi was intercropped with Bajra Napier hybrid in paired
system. However intercropping drumstick with Bajra Napier hybrid in2 m x 1 m

recorded the highest aggressivity of 1.19 followed by intercropping agathi with

Bajra Napier hybrid in 2 m X 0.5m (1.10). The highest relative crowding

coefficient of 24.34 was noticed when erythrina was intercropped with Bajra

Napier hybrid in 2 m X 1 m.

top feeds with Bajra Napier hybrid recorded the highest
year (50.66 kg ha'! and 93.30 kg ha'!) and second
‘). Among top feeds, agathi recorded high

Intercropping
uptake of N and P during first

year (54.27 kg ha' and 106.17 kg ha
oth the years. Uptake of N and K by top feeds significantly varied

NPK uptake in b
G,. Phosphorus

anting geometry the highest value was noticed by
significant with respect to cropping system and
e highest P uptake in

with  their pl
uptake of top feeds were non-

planting geometry during first year and Gz recorded th

second year (39.90 kg ha™).

nificantly more sequestration of carbon was noticed in C2 in first (24.57

Sig
¢ ha') and second (25.59 ha™!) year. Among top fe
o of carbon in both the years (18.15 t ha' and 18.91 t ha’
mx 05 m recorded the highest carbon

eds, agathi recorded higher

sequestratio

respectively). Planting top feeds at 2

1 in the first year (18.13 t ha™') and the second year (18.87 tha™).

sequestratio

The organic carbon content in the s
metry O
fter the experiment was noticed in
the highest

oil did not vary significantly in

e to cropping system and planting geo f top feeds. Among three top

respons
oil a

feeds, the highest carbon content in the s
agathi ( 1.26%) and it was comparable with erythrina. Significantly

phosphorus (38.27 kg ha™!) and potassium (155.29 kg ha’!) was noticed after sole
¢ highest available P (36.52 kg ha'!) and K

cropping. Among planting geometry, th
n erythrina

(155.13 kg ha
plot. However NPK content

-y content in soil after the experiment Was observed 1
did not vary signiﬁcantly with respect to

cultivated

the planting geometry of top feeds.

The economics of cultivation in terms of net return (2180070 ha!) and

B:C ratio (2.89) were observed to be the highest when agathl was intercropped



with Bajra Napier hybrid at 2 m x 0.5 m and the lowest value was registered by
intercropping agathi with Bajra Napier hybrid at 2 m x | m plant geometry.
Experiment II entitled “Quality assessment of predominant fodder trees
and shrubs of southern Kerala for feed quality™ revealed that among ten tree
fodders, agathi had the highest crude protein (25.24 %) and lowest crude fibre
(8.43 %), acid detergent fibre (11.10 %), neutral detergent fibre (17.34 %), oxalate
(1.43 %) and negligible content of nitrate. Drumstick contained more ether extract
(7.39%), total ash (12.78%), calcium (2.75%) and magnesium (0.60%). Matti
(Ailanthus triphysa) recorded the highest nitrogen free extract (64.72%) and lower
neutral detergent fibre content (17.54%). Subabul recorded the highest
phosphorus (0.93%), iron (222.14 ppm) and calcium: magnesium ratio (5.61).
Gliricidia had negligible nitrate content. Banana was observed to be a rich source
of potassium (2.70%), manganese (71 mg kg™), zinc (40.44 mg kg™'). copper (15.7

mg kg'') and potassium: calcium ratio (2.48).

From the study, it could be concluded that intercropping agathi with Bajra
Napier hybrid at 2 m x 0.5 m recorded the highest growth, yield, quality, carbon
sequestration and economics. However erythrina intercropped with Bajra Napier
hybrid at 2 m x 0.5 m recorded the highest plant height, leaf stem ratio, number of
tillers, tussock diameter, green fodder yield and dry fodder yield of Bajra Napier.
Moreover agathi was found to be nutritionally superior to other tree fodders with
high crude protein and lower crude fibre, ADF and antinutritional factors. -
Nevertheless, all the ten different top feeds were observed to be good source of
nutrients (protein, fibre and minerals) and could be used for livestock feeding in

fodder scarcity zones of Kerala.
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