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1. INTRODUCTION

India’s cattle wealth is immense with one fifth tfe world’s bovine
population. Bulks of the livestock are in holdingflssmall and marginal farmers
having less than two hectares of land. In the chsenall holder dairy, feed is the
most important constraint and farm animals areg@ito subsist on dry stalks and
straw with low nutritive value during lean periodisis estimated that, feed alone
constitute about 60-65 per cent of the total cdshitk production which can be
reduced to 30-40 per cent by providing cheap arnalityuroughages such as

natural and cultivated grasses (Thomas, 2008).

The fodder resources of our country are hardlyigefit for feeding even
half of the existing cattle population and the shge of green fodder is well
recognised. The land assigned for fodder crop uageured water supply is only
4 per cent of the total cultivated area and theléoded to the animals is of poor
quality. This has resulted in poor animal healtld éow output per animal in

terms of milk, meat and motive power.

Kerala state also has most of the cattle populatioemall holdings, of
which 83.4 per cent are crossbreds. The main forageurces of the state are
paddy straw, pine apple waste, cassava leavestang soffee husk, seasonal
weeds, banana waste, and road side grazing. Thialahy of grazing land is
negligible in this state except in Wynad and Idudlgtricts located in the high
ranges. It is also to be noted that in Kerala, wsigk allocation of forages to net
cultivated area may not be feasible due to heaegsure on land for food and
commercial crops. Logically, then our attention dobe sought in intensive
cultivation methods to produce all our requiremenitsgreen fodder from the
limited area available, through use of better feragpps and better technologies
for their cultivation. Fortunately we now have s&lespecies of forage crops and

their varieties with very high yielding potential.



Hybrid Napier, is an interspecific igbbetween Napier grass and bajra
(pearl millet) which combines high quality and &sgrowth of bajra with the
deep root system and multicient habit of Napiesgr#t is widely distributed in
sub-tropical regions in Asia, Africa, Southern Eug@nd America. Hybrid Napier
is a triploid grass, so does not produce seedwottuces large number of tillers
and numerous leaves. Although it can grow on aetsaf soils, light loams and
sandy soils are preferred to heavy soils. The gdisss not thrive well on
waterlogged and flood prone lands. Hybrid Napiesuperior in quality to Napier
grass and contains about 10.2 per cent crude pratel 30.5per cent crude fibre.
The grass once planted supplies fodder continucassty regularly for a period
of three years. The cost of production is almo#t that of single-cut crops and
the production per unit area and time is approxa@hyatiouble than that of

conventional fodders.

In India, majority of the area under cultivationtbfs grass is in the states
of Tamil Nadu, Karnataka, Kerala, Andhra Pradesdjska, Maharastra and
Guijarat (Vijayakumaet al, 2009). The high yield, palatability and adapiigbto
varying soil and climatic conditions have made ¢nass popular among dairy
farmers throughout the country. It is recommendedrftensively managed small
holder crop - livestock farming systems and is \geited for the “cut and carry”

feeding system.

Several cultivars were released from different @nin India which are of
superior quality and suitable for different regiombese include cultivars tolerant
to low temperature in winter and high temperaturesummer, high nutritional
quality in terms of low oxalate and high crude pmotcontent, suitability for inter
cropping, suitability for growth on problem soiceEven though the package of
practices of Kerala Agricultural University recommals the cultivars Pusa giant
Napier, Gajraj, NB-5, NB-6, NB-21 and NB-35 for tuation in Kerala, none of
these cultivars are cultivated by farmers of thaestinstead, recently released

cultivars namely CO3, CO(CN)4 and KKM-1 have gaivede popularity and



acceptance among dairy farmers of the state. Sigilaith regard to spacing, the
ad-hoc recommendation available for hybrid Napidtivation is 60cm x 60cm
(KAU, 2007). Higher tiller production, vegetativeogvth and spreading canopy
of the new cultivars demand a wider spacing for imaxn growth and fodder
production as evidenced from farmer’s feedbacksTiecessitates a scientific
investigation to decide the suitable cultivar aptimmum spacing of hybrid Napier

for Kerala conditions.

The investigation was planned with fillowing objectives.

1. To identify superior cultivasghybrid Napier in terms of growth,
yield and quality.

2. To standardise optimum plgacsng for hybrid Napier.
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2. REVIEW OF LITERATURE

Among various fodder grasses recommended for tipect, hybrid Napier
is much popular among farmers because of its hight ypotential and quality.
Hybrid Napier, an interspecific hybrid between peaillet and Napier grass
shows the desirable characteristics of both parentsrms of yield and quality.
Bajra or pearl milletRennisetum glaucurh., 2n=14), is a popular millet in the
dry tropics grown widely in Asia and Africa. Althgh it is primarily grown for
grain purpose, it is also grown as feed and fofag@animals (Gupta and Mhere,
1997). Napier or elephant grasBefinisetum purpureurBchum. 2n=28) is a
robust perennial grass grown for forage mainlyrapical areas of Africa, Asia,
and South and Central America. Gupta and Mhere7){l8%ported that these two
species readily cross and the interspeific hybads more vigorous than the
parent species and highly sterile (2n=21). Beingoaally propagated crop, the
hybrid vigour can be maintained permanently withaaty deterioration. The
feasibility of multiplication extensively throughegetative method is a unique
advantage of hybrid Napier over all other foragesgr

The possibility of growing hybrid Napier as a foeagrop has been
investigated in many countries and it has been shib.at, it is able to produce
more forage than Napier grass and pearl milletrdpical countries, it behaves as
a perennial with higher yields and better foragaligpithan either parents (Burton
and Powell, 1966). According to Pritchard (1971isita high yielding perennial
grass with high dry matter yield with high leaf pemtage, high nitrogen
percentage in the stem, high stem digestibility @rde adaptability.

2.1. Crop husbandry

2.1.1. Growth and fodder production

According to Watkins and Lewy-Van Severen (195§ period of the
lowest growth in grasses is from February to May ¢the maximum growth is



from June to November. This trend is very much lsinfor all the forage grasses.
According to Ryle, (1970) and Selvi and Subraman{@@93) the rate of fodder
production is a function of tiller production anelaf growth. Plant height, tiller
number and leaf number directly influences thedyie fodder. Barbbar (1985)
reported that the green fodder yield per plant \pasitively correlated with

number of tillers per plant, number of leaves pganpand stem weight per plant.

According to Shindet al (2007) green forage yield was significantly and
positively associated with dry matter yield, crydetein yield, number of leaves,
number of tillers and plant height. Stem girthle¢ second node, leaf length and
leaf breadth were negatively associated with oxadicl content, and thus were
identified as important fodder quality traits. So#your-Roiset al (1972)
observed that tillering ability and forage volunteowed the highest correlation
with yield. Stand density, soil moisture, and deittility are the other factors
positively correlated with forage vyield. According Singh et al (1995),
measurement of leafiness is an indicator of yield autritive value. Leaf number

and leaf area per plant were closely related witdyand digestibility.

Hybrid Napier requires hot moist season for groewkd can be grown up
to an altitude of 1500m. It is usually cultivatediirigated areas and is propagated
by stem or root cuttings (Pahuja and Joshi, 200Vith liberal dressings of
fertilisers, hybrid Napier can be expected to yikldt of dry matter, 6000 kg of
crude protein and about 2000 kg of extractablegimdrom one hectare in a year
in India (Goreet al., 1974). Under irrigated conditions, in the tropibtybrid
Napier can provide green fodder throughout the e yields on an average
200-400 t/ha/year depending on the cultivar andore¢Thomas, 2008). Pandey
and Roy, (2011) have reported that hybrid Napiemgrfast and produces high
herbage but the stems are hard and the plantessepersistent. The grass once
planted supplies fodder continuously and regulfotya period of three years and
the cost of production is almost half that of sagut crops. The fodder



production per unit area and time is approximaibyble than conventional

fodders.

2.1.2.Cutting interval

Singh and Joshi (2002) has reported that, in hyNagier, green forage
and crude protein yield were highest with a six kveetting interval, while dry
matter content and digestible dry matter yield éased with increase in cutting
interval from 5 to 7 weeks. Green forage yield, dmgtter yield, plant height,
number of leaves per clump, leaf area index andrdxiter accumulation in leaves
and stems increased with increase in cutting iateftom 5-7 week except
number of tillers/clump which decreased with inee&n cutting interval. Crude
protein content, digestibility (%) and leaf: steatio were also decreased with
increase in cutting interval. Increase in nitrogapplication also increased

herbage yield and yield attributes of Napier bayhrid.

Devi et al. (2007), from her study on the effect of cuttingemral in hybrid
Napier cultivar ABPN-1, reported that green and firgder yields significantly
increased with increasing cutting interval from @Ddays. According to Ibrahim
et al. (2008), the crude protein content and dry mategcgntage of the hybrid
Napier is higher than Napier grass or pearl mdke100 and 150 cm heights. As
the plant height increased, the crude fibre peagentand acid detergent fibre
percentage also increased in hybrid Napier butecquutein content decreased
with increasing plant height, while the neutraledtgéent fibre percentage and acid
detergent fibre percentage of pearl millet, Napgiass and its hybrids were nearly

similar.

2.1.3.Inter cropping

Among annual legumes, cowpea was found to be tlse ibtercrop for
hybrid Napier with a green fodder yield of 136.94atand dry fodder yield of
50.10 t/ha. The B: C ratio of this combination waS (Lakshmiet al., 2002).
Hybrid Napier intercropped with cowpeas produced thghest mean green



forage yield of 33.6 t/ha and crude protein yield®d6 kg/ha and the highest net
returns (Reddy and Naikl999). Under shaded condition, as an intercrop in
coconut garden, the cultivar PBN-16 recorded hiligring (29 per clump) with
high total dry matter content of 23.4 per cent. Wpéanted along with legumes,
hybrid Napier PBN-16+Centro combination recordeghgicantly superior mean
total forage yield per year (82.57 t/ha) and wdl®weed by another hybrid Napier
DHN-3 along with Centro combination. The pooled meéata of two years study
on palatability showed that the mixture of DHN-3-v@e was more palatable to
cows (87.4 per cent) followed by Guinea+Centro cowaiion while the lowest
palatability was recorded with DHN-1+Centro combioa (Manjunathet al,
2002).

2.1.4. Effect of nutrients

In an experiment conducted by Pagétlal (2008), it was reported that
farm yard manure applied at the rate of 30 t/haryeyear was significantly
superior in enhancing green forage and crude proyeelds from 22 cuts.
Similarly, successive increase in nitrogen applcatrom 50 to 75 and 100 kg/ha
after each cut significantly increased green foralyg matter and crude protein
yields in total of 22 cuts of bajra-Napier hybrid.

Forage and crude protein yields increased withea®ed rate of applied
nitrogen (Soockt al, 1995). Gupta (1995) reported that plant hei@b6(8 cm),
fresh fodder yield (102.73 t/ha) and dry matterld/i€l7.03 t) increased with
increased nitrogen rate up to 90 kg/ha with higbnemic returns but tillering
was unaffected by fertilizer. In an experiment aactdd by Prasad and Kumar
(1995) on three cultivars oPennisetum purpureunNB-21, IGFRI-6 and
HGN/BN-1 at different nitrogen levels, they recatdagher dry matter yields of
11.5t,12.8 t and 13.0 t respectively at 60 kgpitegen.

Soni and Singh (1991) reported that the plant Heighreased with
increasing N rates up to 120 kg/ha. Leaf numberpgsent and shoot number per



tussock also increased linearly with increasingogen rate, but percentage crude
protein content was not significantly affected lpplcation of nitrogen at high
rate. Wadiet al. (2003) has observed that the plant height, totahthtter weight,
stem dry matter weight, root dry matter weight, meéiler dry matter weight,
crop growth rate and leaf area index increased itk and with the increase in

the level of fertilization.

2.2. Cultivars of hybrid Napier

In India, a number of state level released cultivae under cultivation in
different agro climatic and production systems. $hperior material or selections
as well as state released varieties are populadwrg across the regions of the

country.

The differences in green forage, dry matter, crpdeein yield, and the
variation in the yield and quality is mainly dueth@ variation in cultivars (Pathan
and Bhilare, 2008). The cultivars recommended feraka are Pusa giant Napier,
Gajraj, NB-5, NB-21, and NB-35 (KAU, 2007). Suguarad Supriya, the varieties
released during 2006, were also recommended fdivatibn. Hybrid Napier
cultivars CO1 and CO2 are suitable for black sonder irrigated ecosystem (Das
et al, 2000). CO2 is a cultivar developed at Tamil Na&dwicultural University
(TNAU), Coimbatore through inter specific crossvbetn bajra-PT 8369 and
Napier-FD 488 followed by clonal selection. It hesen recommended for
cultivation in south zone of the country and waghhy adapted for black soil

areas. It provides 350 t/ha of green fodder ina yandey and Roy, 2011).

Hybrid Napier cv. CO3 was developed at TNAU, Coitoba in 1996. It
exhibited an average green fodder yield of 5-8 legipcut or 350 t/ha/year under
local conditions. When harvested at correct st@§e3 contained a dry matter per
cent of 18-20 (Premartne and Premlal, 2006). COS8 #exived from the cross

between cumbu PT1697 and Napier. It is suitabterdd loamy soil areas and



also for sheep and goat feeding in addition tde&teding. It is characterised by
high leafiness, with long, broad, and soft leavdse leaf-stem ratio is higher than
that of CO2. CO3 gave an average green fodder wielRB3.6 t/ha/year during

station trials conducted at Tamil Nadu during 1921and a maximum vyield of

514 t/haat Pudupalayam in the Salem district as part opta research trials.

The average dry matter yield (65.1 t/ha/year) andle protein yield (5.40 t

ha/year) were also higher than the respective sdlreCO1 and CO2. According
to Fazlullahkharet al (1996) CO3 was having superior qualities comp&oedo-

1 and CO2 in terms of leafiness, broader and stéteres, high leaf: stem ratio
and very high fodder yield.

Trial conducted by Vijayakumaet al (2009) has revealed that CO3 is
characterised by light green densely hairy leavdls white midrib. Leaf margins
are serrated with an average leaf length of 80+85aad leaf width 3-4.2 cm.
Number of leaves per clump vary from 300-400 wiigghHeaf stem ratio of 0.60.
It is having a plant height of 300-360 cm at floimgrand stem girth of 5.0 cm.
Number of tiller per clump vary from 25-30. Vijayakaret al. (2009) obtained a
fresh fodder and dry matter yield of 325.5 t/ha,16€ha respectively in a year

with dry matter percentage of 19.1.

In 2008, CO(CN)4, another high yielding and nutas hybrid Napier was
developed at the Department of Forage Crops, Cdatrélant Breeding and
Genetics, TNAU, Coimbatore. It is an interspechiigbrid between fodder bajra
CO8 and Napier grass FD-461. CO(CN)4 is well adhpbethe soil and climatic
conditions of Tamil Nadu and is highly palatablethwhigh biomass, high leaf:
stem ratio, soft stem, and more protein. It is mpoéferred by milch animals,
goat and sheep. It registered a mean green fodeler of 382 t/ha/year, which
was 33 per cent higher yield over COS3. It renderses cuttings per year. It has
erect plant habit with 4-5m plant height at flowneyi It is characterised by non
lodging, profuse tillers (30-40 tillers/clump), sqdicy stem with a brix value of
3.4 and stem girth of 5.6 cm, dark green leavek tiight white midrib, serrated



leaf margins with an average leaf length of 110-@¢tband leaf width of 4-5 cm.
A uniform and visible white powdery coating on them is a distinguishing
feature of this cultivar. Green, conspicuous ari@bts encircling each node
provide quick regeneration quality. Number of leaper clump varied from 400-
450 with high leaf: stem ratio of 0.71. Under siattrials conducted at TNAU, it
gave fresh fodder yield of 396.75 t/ha and dry eratyield of 81.4 t/ha in a year
with dry matter percentage of 21.3 (Vijayakureaal, 2009).

Killikulam-1 (KKM-1) was another hybrid releasedin TNAU in 2000
is specially suited for red soil areas of southgairts of Tamil Nadu. It is highly
leafy with long and broad soft leaves and with Ruregeneration capacity
compared to CO2 and COa3. It recorded an averagendiader yield of 288
t/halyear in station trials conducted at Killikuladuring 1991/92-1996/97, with a
dry matter production of 16.4 t/ha (Detsal, 2000).

Suguna and Supriya are two cultivars developedde@e of Agriculture,
Vellayani, under the AICRP on Forage Crops andassd during 2006 by Kerala
Agricultural University. Suguna is a cross betwéaira Composite 9 and Napier
line FD 431. It is having high yield potential 082 t/ha/year with high quality
fodder. It differed from other cultivars in haviregpale green leaf sheath with
purplish pigmentation (KAU, 2007). Supriya is agsdetween bajra TNSC 4 and
Napier line FD 471. It is having a yield potentdl272.7 t/ha/year with superior
quality fodder. Supriya is characterised by palkeegrleaves with small hairs on
both sides (KAU, 2007). These two cultivars are ntyairecommended for
cultivation in southern districts of Kerala (Pandend Roy, 2011).

IGFRI-3 (Swetika) was a cultivar developed at Imdi@rassland and
Fodder Research Institute, Jhansi by hybridizatbiNapier grass and bajra
(PSB-2). The variety was notified for cultivatiam morth and central zones of the
country. It is a profuse tillering type, erect withrrow upright leaves with quick

regeneration ability and have thin stems like gaigeass. It is tolerant to frost



and low temperature and is suitable for low pH doows. It has field resistance to
Helminthosporiumblight and gave an average yield of 70-80 t/hamr®dder
and 18 t/ha dry fodder (Pandey and Roy, 2011).dtaet al (2009) has reported
a green fodder potential of 90-160 t/ha for IGFRie8ind highly suitable for
intercropping in central, north east and north fathions due to its erect growth
habit, high tillering and leafiness. Screening saaonducted at Indian Grassland
and Fodder Reasearch Institute, Regional Reseaatiors Dharwad revealed
that IGFRI-3 was a superior, shade tolerant vangedyibiting high green fodder
yield, dry fodder yield, tillering potential and ngestence even under 70 per cent
shade (IGFRI, 2000).

DHN-6 (Sampoorna) is a cultivar developed by IGIRggional Research
Station, Dharwad, through inter specific hybridiaatof IPM 14188 (Bajra line)
x FD 184 (Napier line) followed by clonal selectidrhe variety is recommended
for cultivation in Karnataka state under irrigatahditions. It has low oxalic acid
content (1.9 per cent) and yields 120-150 t/hargfedder in 6-8 cuts (Pandey
and Roy, 2011). Sridhaat al (2008), reported a green fodder yield of 182ha t/
and dry matter yield of 73.1 t/ha for DHN-6 witHatvely high palatability (71.6
per cent). It also showed resistance Helminthosporiumleaf spot and rust

disease.

2.3. Spacing

Optimum plant population per unit of land area ssemntial for increased
production. The competition between plants and néad optimum plant
population were described in detail by Donald ()9€&3ants do not compete with
each other so long as the water content, nutrigoplg and light are in excess of
the needs of the plants. When the immediate supipdy single necessary factor
falls below the combined demands of the plants, pmiition begins. The
relationship between plant population and yield badn studied in many crops
by many workers. In hybrid Napier too, several sgwn optimum spacing have
been reported.



There are conflicting reports on the ideal spadwghybrid Napier to
realise the yield potential. For Kerala, the recanded spacing of hybrid Napier
at present is 60cm x 60cm (KAU, 2007). Studies cotetl by Munegowdat al.
(1989) on fertilizer and spacing of hybrid Napiariety BH-18 has shown that
the highest yield was realised in all fertilizevéés at closer spacing of 60cm x
30cm. They also observed a progressive decreaseldhwith increase in spacing
to 75cm x 45cm, 100cm x 60cm and 120cm x 90cm. rother study,
Munegowdaet al. (1991) also reported that averaged over 10 coésetwere no
effects of fertilizers or plant spacings on greedder yield of hybrid Napier.
Chhillar and Tomer (1970) observed that a spacihgo@m x 30cm and
combined application of 120 kg nitrogen and 60 kggphorus/ha produced
higher yields in hybrid Napier. Tiwarat al (1975) reported that hybrid Napier
growing with a spacing of 60cm x 30cm gave higheldythan 90cm x 40 cm and

60cm x 60cm.

A study conducted by Velayudhag al. (2011) on the impact of spacing
on the performance of bajra Napier hybrid revealledt adopting different
spacing did not significantly influence the heiglitplants, leaf: stem ratio, and
crude protein content. However, tillering abilitiygdant was influenced positively
due to adoption of different spacing. Adoption 6£g x 50cm and 75cm x 50cm
had enhanced the number of tillers per clump irridyNapier. Similarly, higher
number of leaves/stem was obtained at spacing@h3560cm which was on par
with that of 60cm x 50cm and 75cm x 50cm. Greerdé&dyield as well as dry

matter yield and hence net return was higher an60&0cm.

A field study conducted in barley varieties to e effect of row spacing
on the yield showed that a closer row spacing otribproduced higher green
fodder yield than wider row spacing of 22.5cm (Karal, 2009). In a field
experiment conducted with forage cowpea, with ddife level of phosphorus and
spacing, the green forage yield was significantigesior (22.29 t/ha) with 30 cm



spacing as compared to 45 cm spacing, while thebeurof branches per plant
was higher with 45 cm spacing than that of 30 cacs (Pateét al.,2009).

A spacing trial conducted by Bhattt al (1985) in Napier grass has
shown that higher plant height was attained untbsec spacing of 50cm x 50 cm
compared to wider spacing of 60cm x 60cm and 70¢fiom and the maximum
green forage and dry matter yield was also obtaimeter closer spacing of 50cm
x 50 cm compared to wider spacing of 60cm x 60cih Zhcm x 70cm. At the
same time, number of tillers per plant was noniigant due varied spaciny.ao
et al (1990) has observed higheaf area index (LAI) in rice when grown under
high plant density compared to low plant densitgcérding to Shrivastavet al.
(1982) spacing leads to increased plant growth ewetpto lower spacing in

cotton.

In an experiment involvinfgucaena leucocephaleultivar Hawaiian giant
K8, hybrid Napier cultivar NB-21 andlanicum maximuraultivar Hamil grown at
different spacings, a spacing of 50cm x 50cm (4sfaf) gave the highest fresh
fodder, dry matter and crude protein yields tharemvigrown at a spacing of
100cm, 50cm or 30cm in rows 100cm apart (1, 2 amia8ts/mi, respectively)
(Gawali et al, 1989). Another study conducted in Punjab hasvshthat the
highest average fresh yield and dry matter yieltl30@ and 28.0 t/ha) were
achieved with a net return of Rs 12,047/ha/yearnningbrid Napier was grown
with 30 kg nitrogen and intercropped with legumasa row spacing of 1.0 m,
(Bhagatet al, 1992). Shuklaet al. (1970) observed that maximum nutrient
accumulation occurs when hybrid Napier grown urid@m x 1.2m spacing with

intercrop of guar and lucerne in winter betweengow

2.4. Nutritive value and quality

Quality of a forage grass is a vital parametemsuee the fulfilment of all
nutritional ingredients for animal. Proximate arssydevised long ago by the
Weende Experimental Station in Germany is still enatse of for assessing



nutritive value of fodder crops (Thomas, 2008). iNiwinal quality of fodder grass
is evaluated in terms of five fractions - crudetpnmo, crude fibre, ether extract,
nitrogen free extract and total ash content andihey presence of some anti
nutritional principle such as oxalate. Minerals eliphosphorus, potassium,
calcium and magnesium are also important in livdstoutrition. It has been
established that nutrient contents of fodder spgediffer according to the crop,

variety and growing conditions.

Crude protein gives an approximate value of proteintent in the forage.
According to Yeh (1988), nitrogen rate was posltiveorrelated with crude
protein content, leaf number and plant height aegatively correlated with dry
matter content and had little or no effect on lessém ratio, crude fibre content
and stem diameter. The potassium rate was positbegtelated with leaf number,
plant height and stem diameter, and negativelyetated with dry matter and
crude fibre content and had no effect on leaf: st&to and crude protein content.
The crude protein yield decreased with delay inimgitand was found maximum
when cut at 50 days interval in the case of Puaatdilapier (Tomeet al, 1974)
and 45 days in the case of NB-21 and BN-2 (Manil&oihandaramanan, 1981).

Govindaswamy and Manickarf1989) reported that increasing nitrogen
rates increased the average crude protein condérigbrid Napier from 8.41 to
9.90 per cent and oxalic acid contents from 2.22.8b per cent in 8 cuts.
Jeyaraman (1988) also reported that the increasinggen rates increased dry
matter yield of hybrid Napier from 24.96 - 27.5fhnes to 50.48 - 53.45 tonnes
and crude protein yield from 1.87 - 2.10 tonne$.fa?2 - 5.32 tonnes per hectare
and crude protein contents from 7.49-7.61 to 9.86agent in two years of trials.
Kakkar and Kochar (1973) have shown that the cpuadé¢ein content of hybrid
Napier decreased with each cut and it was foundetyease from 11.56 to 5.16
per cent from first to the third cut in NB-21 vdyie@nd from 9.38 to 4.84 per cent

in a Pusa giant Napier variety.



According to Vijayakumaet al (2009), hybrid Napier cultivar CO3 had
an average crude protein yield of 6.52 t/ha ina yath crude protein percentage
of 10.5. Where as CO(CN)4 had a crude protein yul®.71 t/ha/year with a
crude protein percentage of 10.71. Sridétaal (2008), had reported that hybrid
Napier cultivar DHN-6 was rich in crude protein temt (13.2 per cent) with a
relatively high crude protein yield of 4.53 t/ha.hé&h harvested at the correct
stage, CO3 contained a crude protein per cent df6l@remartne and Premlal,
2006). The cultivar CO3 with 21.4 per cent dry teatvhen analysed at green
stage contained 10.38 per cent crude protein (Bkzitan and Reddy, 2009).
Pahuja and Joshi (2007) reported that KKM-1 in teohnutritional quality had a

crude protein content varied from 9.36 per ceritG@8 per cent.

Rangil et al (1973) had reported that in hybrid Napier, crymdetein
contents of leaves and stems and total minerakotsof stems decreased as age
increased. When hybrid Napier grass, EB-4, was gromder irrigated condition
with consideration to rainfall, crude protein, etlextract, fibre, ash, and oxalic
acid content varied significantly with season atabes of growth but calcium
content did not show any variation. According touKand Choudhary (2010), in
hybrid Napier, the maximum crude protein and asfevi@und when harvesting at
50 cm height and declined gradually to a minimunmemwtcut at 200cm height.
However crude fibre content increased graduallyaidvancing plant growth. A
trial conducted at Rahuri, Maharashtra using dcifervarieties of hybrid Napier
on seasonal response showed that, in rainy selagbrgd Napier grass contains a
higher crude protein content of 9.91 per cent.rr{sede<t al, 2007). According
to Mohammacet al (1988), Napier grass contained a crude proteiogpe of 6.4,
8.1, 9.8 per cent when harvested at 60, 45, 30 datgsval respectively.
According to Muker and Paul (2007), hybrid Napiattiwar PBN-342 contain an

average crude protein content of 8.31 per cenfaid-233 contain 5.68 per cent.

Fibre content of forage is important for ruminatiddrasses in general

contain more crude fibre than legumes. Accordinyifayakumaret al. (2009),



the cultivar CO(CN)4 had a lower crude fibre (28)18%d higher total ash content
(17.52%) compared to that of CO3 (30.5% and 16.1@8pectively). According
to Premartne and Premlal (2006), hybrid NapierieaitCO3 had a total ash and
crude fibre per cent of 9.8-12.8 and 34-37, respelgt when harvested at the
correct stage. The crude fibre content of guinesgranged from 28-36 per cent
(Chatterjee and Das, 1989). Vicente-Chandieral. (1959) noticed increased
forage fibre content by increasing nitrogen dosesGuinea grass and Napier
grass. Fernandex al. (2007) had observed higher ash percent of 14.Tiylmid
Napier during rainy season. According to Mohamraedl (1988), Napier grass
contained a crude fibre per cent of 32.7, 30 and a6d total ash per cent of 14.6,
15.3 and 13.4 when harvested at 60, 45, 30 dagsvaif respectively.

According to Elanchezhian and Reddy (2009) theridyldapier cultivar
CO3 with 21.4 per cent dry matter contained craderfeutral detergent fibre, and
acid detergent fibre per cent of 2.05, 64.38 éh873 respectively at green stage.
Premartne and Premlal (2006) found that CO3 costaim average crude fat
percent of 6.2 when harvested at correct stageorfloty to Fernandest al.
(2007), in rainy season, hybrid Napier grass costai crude fat content of 2.68

per cent.

Phosphorus content of guinea grass, Napier grakpana grass was 0.15,
0.4, and 0.8 per cent, respectively according tattehjee and Das (1989).
Rathore and Vijay (1977) noticed a decreasing tiarghosphorus content of the
grass due to nitrogen application. Vicente-Chadteal (1959) observed that the
phosphorus and potassium contents of three trogrealses, Napier grass, guinea
grass, and para grass decreased markedly withhleafjtharvest interval.
According to Premartne and Premlal (2006), the ayerpotassium content of
hybrid Napier cultivar was 0.42 per cent. Fernaretes. (2007) has reported that
the hybrid Napier grass contain higher phosphoamsent of 0.26 per cent during

rainy season.



Bosworth et al. (1980) analysed the potassium content of graases
found that the contents were 3.1, 3.2, 2.7 andr2cpat respectively in Texas
panicum, crab grass, crow foot grass, and bermudasgat flowering stage.
According to Chatterjee and Das (1989) the calctontent of guinea grass
herbage was ranged from 0.52 to 0.69 per cent. rloup to Bosworthet al
(1980), magnesium content of grasses liRanicum texacum, Digitaria
sanguinalis, Dactyloctenium aegyptiuemnd G’nodon dactylorat flowering stage
was 0.35, 0.33, 0.33, and 0.22 per cent, respégtiVee calcium and magnesium
content of three tropical grasses - Napier grasfeg@ grass and para grass,
decreased markedly with length of harvest inte(vVadente-Chadleet al, 1959).
According to Elanchezhian and Reddy (2009) theridyNapier cultivar CO3
with 21.4 per cent dry matter contained a calciangent of 0.4. At correct stage
of harvest, cultivar CO3 contained a calcium andmesium per cent of 0.11 and
0.36 respectively (Premartne and Premlal, 2006oAting to Fernandest al.
(2007), the average calcium content of hybrid Nagiass was 0.61 per cent

during rainy season.

Oxalate is an important anti nutritional princippgesent in forages,
particularly hybrid Napier. High oxalate contentfofage is harmful to animal
health. Several case of poisoning in cattle wasrted due to feeding of hybrid
Napier having high oxalate content. The oxalatetex@nof some of the varieties
may be high. It can be mitigated if harvested ag&y intervals (45 to 60 days).
Talapatreet al. (1948) reported that Napier grass contained arageeoxalic acid
content of 3.3 per cent and it reduced with age laight of plant. Kipnis and
Dabush (1988) found that Napier grass accumulate: ogalate in stem than its
F1 hybrid however no differences was there in thé dsalate levels of the parent
grass and its hybrid. Oxalate levels in the leavese higher than in stems and

decreased in both plant parts with advancing nisturi

Tiwana and Bains (1976) reported that intercropputgrne with hybrid

Napier reduced the oxalic acid content in hybridoida A trial conducted by



Fernandegt al (2007) at Rahuri, Maharashtra using differentetaas of hybrid
Napier on seasonal response of hybrid Napier shahatl the average oxalate
content of hybrid Napier was 3.07 per cent duri@gy season which was higher
than that of summer and winter seasons. Accordirg§harmaet al. (1968), oxalic
acid content of leaves, stem and composite sangiteedsed with maturity and
oxalic acid content was the highest during theyraason and the lowest during
the winter months. Tiwanat al (1975) observed a reduction in oxalic acid
content of Napier bajra hybrid with increase innpldeight. From the study
conducted at Punjab Agricultural University, regagdthe oxalate content present
in the leaf and stem of hybrid Napier, it was shottat the leaf exhibit
significantly higher concentration of oxalate (& cent) compared to stem (1.95
per cent) (Kauet al, 2009). According to Singh (2002), the mean aeatantent
(%) of Napier bajra hybrid (PNB-233) at one metegght from April to August
was 2.84 = 0.50 and the highest concentration afioxacid was in the month of
June. The relative proportion of soluble and instdwoxalates remained constant
during this period however at one meter and twoeméeight, the per cent

proportion of soluble oxalate was 28.60 and 38&.&§pectively.

According to Daset al, (2000) KKM-1 had a very low oxalate content
compared to CO2 and CO3. The oxalic acid conteldwer in cultivar CO3 than
in Co-1 and CO2 (Fazlullahkhaet al, 1996). According to Vijayakumaet al
(2009) the hybrid Napier cultivar CO3, and CO(Ckgdorded an average oxalic
acid per cent of 2.51 and 2.48 respectively. Srighal (2008), reported that the

cultivar DHN-6 has very low oxalic acid contenta@).



Materials and Methods



3. MATERIALS AND METHODS

The experiment was conducted during the year 2@0®%-20 evaluate
hybrid Napier Pennisetum glaucurh. X P. purpureumSchum.) cultivars for
fodder production and quality. Comparisons were enadth eight different
cultivars of hybrid Napier under three differenaipl densities. The details of the

materials used and methods adopted for the stwdgesmcribed in this Chapter.
3.1 General details:
Experimental site

The experiment was conducted at the Research Hattme ®epartment of
Agronomy, College of Horticulture, Kerala Agriculh University, Vellanikkara.
Geographically, the area is situated #310N latitude and 78.3'E longitude and

at an altitude of 40.3m above mean sea level.

Soil

The soil of the experimental site was sandy loam téxture

(order: Ultisols). The physico - chemical propestcd the soil are given in Table.1
Weather

The weather data recorded during the cropping gdieecember 2009 to
December 2010) are given in Appendix | and graplyigaesented in Fig. 1 and
Fig 2.

Field operations

The experimental site was ploughed, stubbles rethdeselled and laid

out into major plots and minor plots as per thedayplan given in Fig. 3.



Table 1.Physico - chemical properties of the soll

A. Physical properties

Particulars Value Method used
Bulk density (g/cr) 1.73
Particle density
2.30 .
(g/cnt) Core sampler method (Piper, 1942)
Porosity (%) 24.78

B. Mechanical composition

Sand (%) 68.20
: Robinson international pipette meth
Silt (%) 19.50
(Piper, 1942)
Clay (%) 11.50
C. Chemical properties
Particulars Quantity Method used
pH (1:2.5) 5.82 pH meter
. Walkley and Black method (Jackson
Organic C (%) 0.39
1958)
_ Alkaline permanganate method
Available N (kg/ha) 208.68 _ B
(Subbiah and Asija, 1956)
Ascorbic acid reduced
Available P (kg/ha) 22.64 molybdophosphoric blue colour
method (Watnabe and Olsen, 1965)
Neutral normal ammonium acetate
Available K (kg/ha) 102.45 extractant flame photometry (Jackso

1958)
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Fig. 1. Weather data during the crop period (DeaamB09 to December 2010)
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The size of the minor plots was 5.4 m x 5.4 m. Buwere taken around each plot
at 45 cm width. Farm yard manure was applied aocdrporated to the field at the

rate of 25t/ha at the time of land preparation.

Planting

Planting was done on 26.12.2009 by using two nodeifiorm sized, three
months old stem cuttings were used for plantingsaBaose of fertilizers were
added and incorporated into the soil two days leeptainting. The fertilizers were
added at the recommended dose of 200:50:50 kg K,d? which 40 kg N and
full P and K as basal dose and the remaining Nopgtess in equal splits after
each harvest. Gap filling was done at 15 days @hdd&s after planting, using
pre-germinated setts. Hand weeding was done at@§ dfter planting and also

after each harvest of the crop.

3.2. Experimental details

Eight popular cultivars of hybrid Napier namely G203, CO(CN)4,
KKM-1, Suguna, Supriya, IGFRI-3 and DHN-6 were péhunder three different
spacing of 60x60 cm, 90x60 cm, and 90x90 cm, sbthieplant population per
plot will remain 81, 54 and 36 respectively at esdjve spacing. The
recommended spacing for hybrid Napier under Kecaladition is 60cm x 60cm.
In order to find out the effect of higher spacing the performance of hybrid
Napier cultivars, wider spacing of 90cm x 60cm 808dm x 90cm were also tried
in the experiment. Among the cultivars, CO2, CO8 &0O(CN)4 were released
from Tamil Nadu Agricultural University, Coimbator&kKM-1 is a cultivar
released from Agricultural College and Researchitite (TNAU), Killikulam,
Tamil Nadu. Suguna and Supriya are cultivars releédsom Kerala Agricultural
University, Vellanikkara. IGFRI-3 was released fromdian Grassland and
Fodder Research Institute (IGFRI), Jhansi and DHMa8 released from IGFRI

Regional Research Station, Dharwad, Karnataka.
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Fig. 3. Layout of field experiment

Design : Split plot design
Replications : Three
Plot Size : 5.4m x 5.4m

Main plots

S;- Spacing at 60cm x 60cm
S,- Spacing at 90cm x 60cm
Ss- Spacing at 90cm x 90cm

Sub plots

1€ CO3

,€ CO(CN)4
3 € KKM-1
C,— SUGUNA
Cs — SUPRIYA
Cs — IGFRI-3
C; — DHN-6
Cg— CO2



The experiment was laid out in split plot desigrthwihree spacing as
major plots and eight cultivars as minor plots. Tetails of the observations

made are given below.

Growth parameters:

Plant height

Number of tillers per clump
Number of leaves per tiller
Length of leaves

Width of leaves

Growth analysis:

Leaf Area Index

Leaf Area Ratio

Net Assimilation Rate
Relative Growth Rate
Leaf: Stem Ratio

Yield:

Green fodder yield
Dry matter yield

Plant analysis:

Nitrogen
Phosphorus
Potassium
Calcium
Magnesium
Crude protein
Crude fibre
Ether extract
Total ash
Nitrogen free extract
Oxalate

Observations on growth characters were takeneatyeharvest of the crop
at 50-55 days interval. Plants were selected rahdénom each plot. Based on

the observations, derived variables such as ReldB@wwth Rate (RGR), Net



Assimilation Rate (NAR), Leaf Area Index (LAI), ahetaf Area Ratio (LAR) as
detailed by Gardnest al,, (1985) were calculated.

Table 2. Schedule of field experiment

SI. No. Event Date
1 Planting 26.12.2009
2 First harvest 17.03.2010
3 Second harvest 08.05.2010
4 Third harvest 02.07.2010
5 Fourth harvest 25.08.2010
6 Fifth harvest 18.10.2010
7 Sixth harvest 10.12.2010

3.2.1. Biometric Observations

At each harvest, three plants were selected randénmin each plot and

observations on the following growth charactersenaken.

(i) Plant height

The plant height in cm was recorded from the bégsleeoplant to the tip of
the top most leaf during each observation.

(i) Number of tillers per clump

Number of tillers per plant was counted at différstages of observation

and the mean was worked out.

(i) Number of leaves per tiller



Number of leaves per tiller was counted from thob#erent plants

randomly selected from a plot and the mean was @gbaokit.

(iv) Leaf length

Length of leaves in cm was measured from the ba$eaves to the leaf

tip and recorded.

(v) Leaf width

Width of leaves in cm was measured from the migdiion of the leaf.

3.2.2 Growth Analysis

Different growth indices were worked out as bel@afdneret al, 1985).

(i) Leaf Area Index

It refers to the ratio of leaf area to the groumelaa The leaf area noted

from the selected plants using leaf area meter weed to calculate LAI.

Leaf Area Index (LAI) = Leaf Area

Land Area

(i) Leaf Area Ratio

Leaf Area Ratio (LAR) = (L& La) x (In W> —In Wy) cnf/g
(In La- In Lay) x (W-W»)

Where Laand La are total leaf area at timednd &; W1 and W are total
dry weights at timeytand t.



(i) Net Assimilation Rate

Net Assimilation Rate (NAR) = (W-W,) (In La;— In La) g/nf/day
{tt) (Lao — Lay)

Where La and La are total leaf area at timgdnd $ and W and W are

total dry weights during the same period.

(iv) Relative Growth Rate

Relative Growth Rate (RGR) = (In)# In W) g/g/day
@—t)

Where W and W; are total dry weight at timeand ¢ days

(v) Leaf: stem ratio

Stems and leaves were separated from the planteammided the fresh

weights separately. From this, leaf: stem ratio wagked out.

Leaf: stem ratio = Fresh weight of leaf

Fresh weight of stem

3.2.3. Fodder production potential

(i) Green fodder yield

Green fodder yield from each plot was recorded idhiately after cutting

and the yield of green fodder in tonnes/ha wasutatled for each plot.



(i) Dry matter production

Five pants were selected randomly after each haaresthe plants from
each plot were initially weighed, oven dried ang dright was recorded. From
this, yield of dry fodder in tonnes/ha was caloedat

3.2.4.Nutritive value and quality

Plant samples from all the treatments were colteetiesix months after
planting and were used to find out the five fracti@f proximate analysis — crude
protein (CP), crude fibre (CF), ether extract (Etfal ash and nitrogen free
extract (NFE).

(i) Crude protein

The nitrogen content in the plant was estimatedimyokjeldahl digestion
and distillation method (Jackson, 1958). The n#rogontent thus obtained was
multiplied by 6.25 to obtain crude protein contehthe sample.

(ii) Crude fibre

The crude fibre content was estimated by usingattid-alkali digestion

method (Sadasivam and Manickam, 1996).
(i) Ether extract
Ether extract which represents the he crude fatecbnwas estimated by

extracting the plant fat using organic solvent,rgetum benzene, (A.O.A.C,
1975).



(iv) Total ash

Total ash which represents the total minerals piteisethe fodder sample

was estimated by igniting a known quantity of plsample at 53 for one hour.

(v) Nitrogen free extract (NFE)

Nitrogen free extract of the plant sample was olet@iby subtracting the

per cent crude protein, crude fibre, ether ext@act ash content from hundred.
(vi) Phosphorus

Plant samples were digested using the diacid mex(tiNG;: HCIO, at
2:1 ratio) and the phosphorus content was detednimg Vanedomolybdo
phosphoric yellow colour method (Koenig and Johnsk®12). The intensity of
yellow colour was read using Spectrophotometeg@trm.

(vii) Potassium

The potassium content in the digested plant samateestimated by using
EEL Flame photometer (Jackson, 1958).

(viii) Calcium and Magnesium

By using diacid mixture, Ca and Mg present in ttempsample were read
by Atomic Absorption Spectrophotometer (AAS) (Jarks1958).

(ix) Oxalate content

Oxalate content in the plant sample was analysddrioeetrically as

suggested by Marderosiat al (1979). The dried plant material was powdered



and 0.5g of the sample was added to 10 ml of didtivater followed by 10 ml of
citric acid reagent. The oxalates were extractedHaking for 10 minutes at room
temperature. The extract was filtered and the piate was dissolved in 50 ml of
0.4N hydrochloric acid by shaking for 10 minutekeTsample was filtered, and 2
ml of the filtrate was added to 2 ml of dilutedrfer reagent and absorbance was
read at 540 nm in a spectrophotometer. The oxalatéent of dried sample was

calculated from the standard graph and expresseliyoneight basis.
3.2.5. Nutrient uptake

The nutrient uptake was calculated during the tsi@ge of harvest by
taking it as a representative stage. The nutrigniake was calculated as the
product of dry matter yield and the plant nutrieohtent.
3.2.6. Benefit cost analysis

The economic analysis of the data was done byileding the benefit cost
ratio of the data. The cost was calculated baseti@prevailing market price and
wage rate. The cost of cultivation during the firsar of hybrid Napier cultivation
is given in Appendix II.

3.3. Data analysis

The data were analysed by using the statisticddgupe; ‘MSTAT’ (Freed,
1986).






4. RESULTS

Field trials were conducted at the research farnthef Department of
Agronomy, College of Horticulture, Vellanikkara, rthg 2009-2010.
Comparisons were made between eight different vaulti of hybrid Napier
namely CO2, CO3, CO(CN)4, KKM-1, Suguna, Supriy@aFRI-3 and DHN-6
were planted in three different spacing of 60cnOgrs, 90cm x 60cm, and 90cm

X 90cm.

Two noded, uniform sized, setts prepared from thmemths old stems
were planted on 26.12.2009. Bud regeneration wasrebd within 7-10 days of
planting. New leaves started emerging from 15-2¢gsda planting with proper
establishment of the field. The plant growth wasadt uniform and started
tillering within a month. It took 75 days to reactaturity during the initial stage
hence first cutting was done at 75 days maturitpsgquent harvests were done
at 50-55 days interval. The harvest was determivesed on the overall plant
vigour and stem hardiness. Observations on varaspects of growth, fodder
production potential and nutrient composition offetent cultivars of hybrid

Napier grass were taken during the experimentabger

4.1. Biometric observations
4.1.1. Plant height

The plant height of hybrid Napier varieties at spgoof 60cm x 60cm,
90cm x 60cm and 90cm x 90cm for a period of one ywar six harvests are

presented in Table 3.

The height of the grass showed significant diffeemnbetween cultivars.
During the initial stage, growth was slow as evkh by comparatively low
plant height. The average plant height was the mami during the fourth harvest
and after that, the plant height decreased graduall



During the first and second harvests, KKM-1 atdirmaximum plant
height of 190.78 cm and 180.33 cm respectively wad on par with CO(CN)4,
and the lowest height was recorded for IGFRI-3 (818cm and 131.84 cm
respectively). During the third harvest, the maxmplant height was observed
for CO2 with a height of 242.43 cm which was on péth that of DHN-6 and
minimum height was obtained for IGFRI-3 (183.77 crduring the fourth
harvest, although CO2 attained the maximum heigh2.05 cm), it was on par
with KKM-1, DHN-6, CO3, and CO(CN)4. The cultivaGFRI-3 recorded the
lowest height (173.33 cm). During the fifth harvalto, CO2 was the tallest with
a height of 205 cm; and KKM-1, DHN-6 and Supriyar&ven par. IGFRI-3 was
the shortest (143.44 cm). During the sixth cuttipignt height was maximum for
CO2 with an average value of 131.66 cm, followedKi§M-1, CO(CN)4 and
DHN-6, which were on par. IGFRI-3 had the leashpleeight (114.55 cm). The
average height of plants over six harvests wasddarbe maximum for KKM-1
(185.38 cm), which was on par with CO2, CO(CN)4 @nidN-6. The lowest
average height was recorded by IGFRI-3 (141.3 cm).

Variation in spacing did not affect height of hybiNapier cultivars and
interaction effect between spacing and variety alas not observed with regard

to plant height.

4.1.2. Number of tillers per clump

The number of tillers produced by hybrid Napiertioars under three
different spacings of 60cm x 60cm, 90cm x 60cm @@dm x 90cm are given in
Table 4.

The number of tillers showed significant differemcamong cultivars.
During the initial stage of the experiment, theetilproduction was less, then
increased and again decreased towards the ené ekfgeriment. During the first
harvest, KKM-1 produced the maximum number of t#|¢38.44) and the tiller



Table 3. Effect of treatments on plant height (cmdf hybrid Napier at each

harvest

Treatments Stages of harvest

HI | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 144.25| 148.83 210.70 224.41 165.88 127,54 169.18
90cmx60cm| 150.31| 148.46 224.27y 226.50 185.21 12637 175.70
90cmx90cm| 140.99| 160.10 204.08 221.33 179.88 124(45 170.81
CD (0.05) NS NS NS NS NS NS NS
Cultivars
CO3 142.23| 139.33 207.94 231.55 168/44 125.00 468B.3
CO(CN)4 175.24| 168.11 209.33 235.55 175|67 129.781.41
KKM-1 190.78 | 180.33| 213.61 226.77 181.Yy8 13099 .385
Suguna 129.22 153.38 199.61 21744 165.00 128.223.996
Supriya 143.22] 141.22 216.22 225.22 186(22 122.681.5%
IGFRI-3 118.87| 131.83 183.77 173.33 143/44 114.5%1.30
DHN-6 134.41| 155.7§ 231.61 239.00 188[78 131111 .74/9
CcO2 127.49| 149.78 242.05 243.y7 20522 131.66 283.5
CD (0.05) 22.86 | 21.67| 20.43 16.62 2821  05.26 8.48
Interaction NS NS NS NS NS NS NS

Table 4. Effect of treatments on number of tillersper clump of hybrid Napier at

each harvest

Stages of harvest
Treatments — T [ m3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm 21.08 | 31.38| 41.08) 28.88 27.08 25.96 29.p4
90cmx60cm| 24.58 | 33.79| 43.08) 30.13 29.17 25.96 31.p2
90cmx90cm| 31.42 | 38.50| 47.71 30.8% 3196 2742 34.p4
CD (0.05) 1.29 2.17 3.26 NS NS NS 4.11
Cultivars
CO3 27.33| 34.33] 43.33 30.22 26.00 23.67 30/85
CO(CN)4 29.89| 41.11] 50.11 352 2456 3144  35(39
KKM-1 38.44 | 45.78| 58.56| 34.00 25.22  26.00 38.00
Suguna 28.33| 33.56 4211 30.33 31.67 25{11  31.85
Supriya 26.78| 37.33 45.11 27.72 39.22 1800 32|36
IGFRI-3 24,78 | 30.00| 40.13 30.44 40.44 35.00 33/46
DHN-6 12.00 | 29.33| 3833 2744 2278 25.Y8 2594
CO2 18.00 | 25.00|{ 34.00 2422 2533 25.00 2526
CD (0.05) 3.06 3.75 3.70 5.65 12.20 4.89 2.8b
Interaction 5.30 6.48 6.42 NS NS NS NS




production was minimum in DHN-6 (12). During thecead and third harvest
also, the highest number of tillers was observe&iM-1 (45.78 and 58.56
respectively) while the lowest number of tillerssyaroduced by CO2 (25 and 34
respectively). In fourth harvest, CO(CN)4 had thghhbst tiller production of
35.22 which was on par with IGFRI-3, KKM-1, Sugusrad CO3. In fifth harvest,
IGFRI-3 could produce the maximum number of tille48.44) which was on par
with Suguna and Supriya and minimum was observé&HN-6. During the sixth
harvest also, the cultivar IGFRI-3 produced thehbgy number of tillers (35)
which was on par with CO(CN)4.

During the initial stages, tillering was at a slaoate which reached
maximum during the third harvest and again decrkaBke average number of
tillers under different spacing and stages of hstrwaas found to be the highest for
KKM-1 (38).

There were significant differences between diffegracings with regard
to the number of tillers. During first, second ahdd harvest, number of tillers
was found to be the maximum at the widest spacfr#gom x 90cm. The lowest
number of tillers was observed at the lowest sgpoin60cm x 60cm. During all
other observations, even though there were no fgignt differences between
different spacings, tiller production was highehagher order spacing of 90cm x
90cm. The average number of tillers was found tdigber at widest spacing of
90cm x 90cm (34.64), which was on par with 90cn®grb.

The interaction effect between spacing and culiveais significant during
first, second and third harvests (Tables 5, 6, AndDuring all the three initial
harvests, KKM-1 produced maximum number of tillat90cm x 90cm spacing.
At 60cm x 60cm, KKM- produced the maximum numbetiltérs in first harvest.
However, in the second harvest, CO(CN)4, KKM-1, $way CO3, Supriya and
IGFRI-3 were on par and superior in tiller coumttte third harvest, the cultivars
Suguna, KKM-1, CO(CN)4 and Supriya produced sigaifily higher tiller



Table 5. Interaction effect of hybrid Napier cultivars and spacing on tiller

production during first harvest

: Spacing

Cultivars S1 S0 s3
COos3 19.00 24.33 38.67
CO(CN)4 21.00 27.67 41.00
KKM-1 33.33 36.33 45.67
Suguna 24.67 29.33 31.00
Supriya 23.33 24.00 33.00
IGFRI-3 24.67 24.67 25.00
DHN-6 8.67 12.33 15.00
CO2 14.00 18.00 22.00

CD (0.05) 5.30

Table 6. Interaction effect of hybrid Napier cultivars and spacing on tiller
production during second harvest

Spacing

Cultivars S1 S2 S3
COos3 31.67 35.33 36.00
CO(CN)4 34.67 43.33 45.33
KKM-1 34.33 49.33 53.67
Suguna 31.67 32.33 36.67
Supriya 34.33 37.33 40.33
IGFRI-3 30.00 30.00 30.00
DHN-6 27.33 22.67 38.00
CO2 27.00 20.00 28.00

CD (0.05) 6.48

Table 7. Interaction effect of hybrid Napier cultivars and spacing on tiller
production during third harvest

. Spacing

Cultivars S1 S0 S3
CO3 40.67 44.33 45.00
CO(CN)4 43.67 52.33 54.33
KKM-1 45.67 63.33 66.67
Suguna 47.33 36.67 42.33
Supriya 43.33 47.33 44.67
IGFRI-3 35.67 40.00 44.67
DHN-6 36.33 31.67 47.00
CO2 36.00 29.00 37.00

CD (0.05) 6.42




count, which were on par. During fourth, fifth, asidth harvests, the interaction

was not significant.

4.1.3. Number of leaves per tiller

The data of number of leaves of eight hybrid Napidtivars under three
spacings of 60cm x 60cm, 90cm x 60cm and 90cm xn9&e given in Table 8.
There were significant differences between theivan$ with regard to leaf

production.

During the initial stage, the maximum number @vies was observed in
cultivar CO2. During the second harvest, althoug2(roduced the maximum
number of leaves, it was on par with KKM-1, DHN&yguna and CO(CN)4. In
the third harvest, there were no significant ddéfezes among the cultivars.
During the fourth and fiftltuttings the average number of leaves was highest i
CO2 which did not differ significantly from CO(CN)®During the last harvest
Suguna and IGFRI-3 had the maximum leaf productidhe average number of
leaves was found to be maximum for CO2 (11.5).

Number of leaves was not affected by spacing adeeced by little
variation all three different spacings of 60cm »x®0) 90cm x 60cm and 90cm x
90cm.

4.1.4. Leaf length
The data pertaining to leaf length of hybrid Nameltivars taken over six
cuttings in a year are given in Table 9. There wigsificant variation in leaf

length among the eight cultivars.

During the first and second harvests, KKM-1 haal lgngthy leaves (88.2
cm and 92.42 cm respectively) which was on par Bitiguna, Supriya, DHN-6



and CO3. Supriya was having the longest leaves.8B81&m) during the third

cutting which was on par with that of DHN-6, KKM-CO(CN)4 and Suguna.
During the fourth cutting, Suguna had the higheaf length of 128.33 cm which
was on par with CO3, KKM-1 and Supriya. While iftHi harvest, Supriya was
found to be having the highest leaf length withaaerage of 112.44 cm which
was on par with KKM-1, Suguna, CO3 and DHN-6. Dgritne sixth harvest,

maximum leaf length was observed with Suguna. CQBKKM-1 were on par

with Suguna. Among the cultivars, Suguna had tighést leaf length compared
to other cultivars. The average leaf length wasfoto be highest in Suguna
(101.02 cm) and was on par with KKM-1, CO3 and 8apr

There was no variation in leaf length with resptrtspacing and the

interaction between varieties and spacing wasasent.

4.1.5. Leaf width

Leaf width of eight different cultivars of hybridagier grass under three
different spacings are given in Table 10. There sigsificant variation between

the cultivars with respect to leaf width.

During the first harvest, the maximum leaf widthsrobserved with DHN-
6 (4.47 cm) which was on par with CO(CN)4. Durirgand cutting, average leaf
width was found to be highest in CO2 (4.08 cm)loleked by CO(CN)4 which
was on par. During third and fourth harvest also2dt@d the maximum leaf
width with an average value of 4.68 cm and 3.96adrith was on par with DHN-
6. CO2 had the maximum leaf width during fifth hest/also (2.85 cm), which
was on par with DHN-6, CO(CN)4, and Supriya. Dursigth cutting, maximum
leaf width was observed with CO(CN)4 (2.77 cm) vhveas on par with DHN-6
and CO2. The cultivar CO2 attained the maximumgdth (3.65 cm) during the

entire experimental period.



Table 8. Effect of treatments on number of leavesap tiller of hybrid Napier at each

harvest

Treatments Stages of harvest

H1 | H2 H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 5.67 7.50 13.21 11.71 10.04 7.25 9.23
90cmx60cm| 7.18 8.50 12.66 12.04 10.16 7.91 9.74
90cmx90cm| 5.58 8.04 13.16 11.96 10.37 7.70 9.47
CD (0.05) NS NS NS NS NS NS NS
Cultivars
COo3 4.49 6.89 12.78 11.89 9.44 7.7|7 8.88
CO(CN)4 5.82 9.44 13.89 13.22 10.44 7.44 10.04
KKM-1 6.19 7.33 12.44 10.78 9.22 7.55 8.92
Suguna 5.07 8.11 12.78 11.00 8.88 8.00 8.97
Supriya 5.20 6.11| 12.44 1156 8.5 6.88 8.46
IGFRI-3 4.12 7.00 12.11 10.67 12.2p 8.00 9.02
DHN-6 6.91 9.56 13.56 12.44 10.00 7.6b 10.02
CO2 11.36 9.67 13.89 13.70 12.77 7.66 11.650
CD (0.05) 3.1 2.64 NS 1.05 2.50 NS 0.92
Interaction NS NS NS NS NS NS NS

Table 9. Effect of treatments on leaf length (cm)fdybrid Napier at each harvest

Treatments

Stages of harvest

HL | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 80.38 | 84.38| 106.85 108.62 96.04 85.25 93,59
90cmx60cm| 76.25 | 80.80| 97.52| 111.20 9191 80.62 89.2
90cmx90cm| 79.03 | 83.37| 106.41 104.76 96.41 82.00 92,00
CD (0.05) NS NS NS NS NS NS NS
Cultivars
COo3 81.01| 84.34| 100.61 125.33 104.00 88,88 9737
CO(CN)4 71.82| 76.38] 101.88 89.77 91.33 8122 8540
KKM-1 88.20 | 92.42| 112.33 12366 101.11 87.44 100.86
Suguna 87.33 91.44 103.66 128.33 101122 94.11 201.0
Supriya 86.80 91.13 115.38 114.11 112/44 8188 2800.
IGFRI-3 67.57 | 72.36| 88.38 92.44  70. 68.44 76,65
DHN-6 85.90 | 90.23| 111.44 106.66 101« 80.7/7 96|08
CO2 50.82| 64.49] 95.11 85.22  76.1 78.22 7650
CD (0.05) 9.17 10.25| 12.33 17.79 17.47 7.96 6.03
Interaction NS NS NS NS NS NS NS




Spacing did not show any effect on leaf width ofbitg Napier.

Interaction was also absent.

4.2. Growth analysis

4.2.1. Leaf area index

Leaf area index of hybrid Napier cultivars was vemtlout at six different
stages of harvest. The data are presented in TdblSignificant differences in

leaf area index between the different cultivarsenasticed.

During the first stage of harvest, CO(CN)4 and KKMad the highest
leaf area index on par with CO2 and IGFRI-3. KKMhdd the highest leaf area
index during the second stage of harvest and CO{GMY CO2 were on par.
During the fourth stage of harvest, DHN-6 had tighést leaf area index but
Supriya, IGFRI-3 and CO2 were on par with DHN-6riDg third, fifth and sixth
harvests, there was no significant differences betwthe cultivars. On an
average, Leaf area index was found to be the higbeKKM-1 (7.74) which was
on par with Supriya, IGFRI-3, CO(CN)4, DHN-6 and ZO

During all the stages of harvest, irrespectivehaf tultivars, the leaf are
index was found to be highest at the lowest spaofrgdcm x 60cm followed by

90cm x 60cm and the lowest leaf area index wasedtat 90cm x 90cm.
4.2.2. Leaf area ratio
The data regarding the leaf area ratio (LAR) dfrity Napier cultivars are

presented in Table 12. LAR showed significant défece between different

cultivars during most of the experimental stages.



Table 10. Effect of treatments on leaf width (cm) fohybrid Napier at each harvest

Stages of harvest
Treatments — =5 [ H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 3.55 3.33 3.49 3.02 2.30 2.21 2.99
90cmx60cm| 3.57 3.24 3.34 3.28 2.39 2.14 3.00
90cmx90cm| 3.50 3.18 3.77 3.36 2.41 2.1( 3.07
CD (0.05) NS NS NS NS NS NS NS
Cultivars
COo3 3.17 2.67 3.27 3.20 2.0¢ 1.88 2.70
CO(CN)4 4.04 3.51 3.54 3.45 2.55 2.77 3.31
KKM-1 3.44 2.77 3.42 2.86 2.33 2.08 2.82
Suguna 3.31 3.16 3.08 2.85 2.01 2.05 2.75
Supriya 3.32 3.04 3.46 2.93 2.38 1.76 2.86
IGFRI-3 2.94 3.28 3.46 2.79 2.11 1.61 2.70
DHN-6 4.47 3.48 3.35 3.73 2.71 2.47 3.3
CO2 3.65 4.08 4.68 3.96 2.85 2.61 3.66
CD (0.05) 0.47 0.59 0.78 0.42 0.48 0.54 0.26
Interaction NS NS NS NS NS NS NS

Table 11. Effect of treatments on leaf area indexfdybrid Napier at each harvest

Treatments Stages of harvest

H1L | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 9.21 9.54 10.51 9.80 9.48 8.40 9.49
90cmx60cm| 7.93 7.98 8.88 7.93 7.17 6.32 7.70
90cmx90cm| 6.02 6.07 6.46 5.70 5.19 4.78 5.70
CD (0.05) 0.10 0.12 0.25 0.36 0.20 0.18 0.12
Cultivars
CO3 7.65 7.86 8.60 7.62 6.99 6.41 7.52
CO(CN)4 7.85 7.93 8.56 7.75 7.4( 6.6} 7.70
KKM-1 7.85 8.04 8.76 7.67 7.45 6.70 7.74
Suguna 7.62 7.76 8.46 7.64 7.12 6.36 7.49
Supriya 7.62 7.81 8.78 7.86 7.33 6.40 7.65
IGFRI-3 7.77 7.86 8.47 7.98 7.36 6.53 7.66
DHN-6 7.66 7.78 8.59 8.07 7.32 6.39 7.64
CO2 7.73 7.87 8.73 7.87 7.28 6.44 7.65
CD (0.05) 0.18 0.17 NS 0.27 NS NS 0.12
Interaction NS NS NS NS NS NS NS




During the all the stages of harvest, except duttirgl harvest, among the
cultivars, IGFRI-3 had the highest leaf area radfiaring third harvest, LAR was
not significant with respect to cultivars. Considgrthe average value of LAR
during the entire experimental period, comprisifigsi® harvests, leaf area ratio
was the highest for IGFRI-3 (35.82) and lowestG@3 (30.69).

There was significant difference between the tispaeings with respect to
LAR. Among the three spacings tried, LAR was foundbe higher at highest
spacing of 90cm x 90cm. During first and third rests, the LAR at 90cm x90cm

and 90cm x 60cm were on par.

4.2.3. Leaf: stem ratio

The data on leaf: stem ratio of hybrid Napier g are presented in
Table 13. There were no significant differencesveen the three spacings during
any of the stages. However, there existed sigmfiaifferences in leaf: stem
among the different cultivars. In all the stagedaivest, IGFRI-3 had the highest
leaf: stem ratio with an average value of 0.92 camg to other cultivars. CO2
had the lowest leaf: stem ratio during all the obsons with an average of 0.66.

All other cultivars were observed with almost semiValues of leaf stem ratio.

4.2.4. Relative growth rate

Relative growth rate (RGR) of hybrid Napier cultisaare presented in
Table 14. A significant variation was observed amdhe different cultivars

during most of the stages.

During the initial stage, among the cultivars, KKIMexhibited the
highest relative growth rate (0.128 g/g/day) ahest cultivars except IGFRI-3
were on par. During the second stage of observaki&iM-1 and CO(CN)4 had
the highest RGR (0.135 g/g/day). In the thstdge of harvest, CO3, Suguna,



Table 12. Effect of treatments on leaf area ratioon®/g) of hybrid Napier at each

harvest

Treatments Stages of harvest

HIL | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm 38.48 29.06 24.55 25.40 26.98 2665 28.52
90cmx60cm 46.04 32.56 29.13 28.81 29.03 2876 32.39
90cmx90cm 45.72 35.41 30.34 29.93 30.79 31,31 33.92
CD (0.05) 3.48 0.594 1.32 0.802 1.66 2.26 0.86
Cultivars
CO3 43.42 32.17 27.80 26.6 27.15 27.00 30469
CO(CN)4 42.99 31.90 27.86 26.9 28.21 28.35 31/04
KKM-1 42.20 32.05 28.44 26.6 28.04 28.00 30.89
Suguna 42.20 31.87 27.60 27.30 28.20 2823 30.90
Supriya 41.95 31.98 28.28 28.62 28.11 28.54 31135
IGFRI-3 50.60 34.68 28.83 31.73 34.35 34.72 35,82
DHN-6 41.87 32.09 27.44 28.8( 28.3P 28.39 31.45
CO2 42.07 32.02 27.81 27.79 28.91 28.01 31/03
CD (0.05) 2.27 0.84 NS 1.41 1.74 1.53 0.77
Interaction NS NS NS NS NS NS NS

Table 13. Effect of treatments on leaf stem ratiofdhybrid Napier at each harvest

Treatments Stages of harvest

HL | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 0.71 0.71 0.72 0.72 0.72 0.72 0.72
90cmx60cm| 0.72 0.72 0.72 0.72 0.72 0.72 0.73
90cmx90cm| 0.72 0.72 0.73 0.74 0.74 0.74 0.74
CD (0.05) NS NS NS NS NS NS NS
Cultivars
CO3 0.70 0.70 0.70 0.70 0.70 0.70 0.70
CO(CN)4 0.71 0.71 0.73 0.72 0.72 0.72 0.72
KKM-1 0.69 0.69 0.71 0.69 0.69 0.69 0.7(
Suguna 0.69 0.69 0.69 0.70 0.70 0.70 0.69
Supriya 0.70 0.71 0.71 0.72 0.72 0.72 0.71
IGFRI-3 0.91 0.92 0.92 0.93 0.93 0.93 0.92
DHN-6 0.71 0.71 0.72 0.73 0.73 0.72 0.72
CO2 0.65 0.65 0.65 0.66 0.67 0.67 0.6p
CD (0.05) 0.02 0.02 0.03 0.03 0.22 0.02 0.02
Interaction NS NS NS NS NS NS NS




DHN-6 and CO2 exhibited the highest value of RGR40y/g/day). During the
fourth stage CO2, CO3, CO(CN)4 and KKM-1 had thghest RGR (0.138
g/g/day). CO3, CO(CN)4 and KKM-1 had the highestRR@.136 g/g/day)
during the fifth stage of harvest. CO3 and KKM-Idhthe highest RGR (0.134
g/g/day) in sixth harvest and all other cultivarcept IGFRI-3 were on par.
During all the stages IGFRI-3 had the least RGRe aberage value of RGR was
found to be higher for KKM-1, CO(CN)4 and CO3 (1@ g/day).

There were significant differences between theetlsgacings in most of
the observations. During the initial four stageshafvest, RGR was higher at
widest spacing of 90cm x 90cm. During the fifth aixth harvest, RGR was not

significant with respect to spacing.
4.2.5. Net assimilation rate

The data on net assimilation rate of hybrid Napiieties are presented
in Table 15. The varietal difference was significemhybrid Napier with respect
to NAR.

During the first stage of harvest, KKM-1 exhibitebde highest net
assimilation rate (4.06 gffday) while CO(CN)4, Suguna, DHN-6, CO2 and
Supriya were on par. During the second, third aftd $tages of harvest, all the
cultivars except IGFRI-3 were superior. During fberth stage KKM-1 gave the
highest value of net assimilation rate (6.83 %day) followed by CO3,
CO(CN)4, CO2 and Suguna which were on par with KKMDuring the sixth
stage, CO3 (5.78 gftulay) had the highest net assimilation rate anctttivars
C0O2, CO(CN)4 and KKM-1 were on par. On an averaggher NAR was found
for the cultivar KKM-1 (5.94 g/ftday), and low for IGFRI-3 (5.02 gfiday).



Table 14. Effect of treatments on relative growth ate (g/g/day) of hybrid Napier

at each harvest

Treatments Stages of harvest

HI | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm 0.1250| 0.1320 0.1380 0.1360 0.1340 0.1320 0.1330
60cmx90cm 0.1260| 0.1350 0.1390 0.1370 0.1350 0.1330 0.1340
90cmx90cm| 0.1290| 0.1350 0.1400 0.1380 0.1350 0.1330 0.1350
CD (0.05) | 0.0011| 0.0003 0.0007Y 0.0003 NS NS 0.0003
Cultivars
COo3 0.1270| 0.1340 0.1400 0.1380 0.1360 0.1340 0.135
CO(CN)4 0.1270] 0.1350 0.1390 0.1380 0.1360 0.1330135D
KKM-1 0.1280| 0.1350 0.1390 0.1380 0.1360 0.1340 3801
Suguna 0.1270 0.134D0 0.1400 0.1370 0.1850 0.1330340.
Supriya 0.1270, 0.1340 0.1390 0.13f0 0.1350 0.133340
IGFRI-3 0.1230f 0.1330 0.1380p 0.13%50 0.1310 0.1280131
DHN-6 0.1270( 0.1340 0.1400 0.1370 0.1350 0.1330 34m1
CO2 0.1270| 0.1340 0.1400 0.1380 0.1350 0.18330 0.134
CD (0.05) | 0.0014| 0.0005 0.0002 0.0008 0.0008 0.0011 0.0005
Interaction NS NS NS NS NS NS NS

Table 15. Effect of treatments on net assimilatiorate (g/m?“day) of hybrid Napier at

each harvest

Treatments Stages of harvest

HIT | H2 | H3 | H4 | H5 | H6 | Mean
Spacing
60cmx60cm| 3.75 5.38 7.12 6.50 5.88 5.33 5.66
90cmx60cm| 3.76 5.67 6.97 6.52 6.00 5.46 5.73
90cmx90cm| 4.19 5.64 7.06 6.59 5.98 5.5( 5.88
CD (0.05) 0.18 0.01 NS NS NS NS NS
Cultivars
CO3 3.86 5.59 7.10 6.82 6.2( 5.78 5.89
CO(CN)4 3.98 5.69 7.07 6.81 6.19 5.6b 5.90
KKM-1 4.06 5.71 7.02 6.83 6.26 5.74 5.94
Suguna 3.97 5.61 7.11 6.6( 6.00 5.43 5.79
Supriya 4.00 5.60 7.06 6.40 5.99 5.49 5.716
IGFRI-3 3.28 5.14 6.70 5.73 4.87 4.38 5.0p
DHN-6 4.02 5.58 7.19 6.49 6.08 5.44 5.80
CO2 4.02 5.62 7.15 6.62 6.02 5.55 5.83
CD (0.05) 0.17 0.15 0.23 0.32 0.31 0.27 0.13
Interaction NS NS NS NS NS NS NS




There was no significant difference among the tha@cings in most of
the observations but in the first and second setbskrvations, net assimilation
rate was found to be higher at the widest spacfin@0om x 90cm and 90cm x

60cm respectively.

4.3. Fodder Production Potential

4.3.1. Green fodder yield

The data pertaining to green fodder yield of hyl¥apier cultivars are
presented in Table 16. During the initial harvest® yield was comparatively
less. Highest yield was obtained during the thimdvhst and the lowest yield was

recorded during the sixth harvest.

There was significant variation between the calswvith respect to green
fodder yield recorded at six harvests. During thigal harvest, the highest green
fodder yield was obtained from CO3 (36.98 t/ha) a&mel cultivars CO(CN)4,
DHN-6, KKM-1, and CO2 were on par with CO3. The &swyield was obtained
from IGFRI-3 (21.3 t/ha). During the second haryasKM-1 exhibited the
highest green fodder yield (76.78 t/ha) and CO(CNDMN-6 and CO2 were on
par with KKM-1. The lowest yield was from the culir IGFRI-3. KKM-1 had
the maximum yield during the third and fifth harv€89.29 t/ha and 40.89 t/ha)
which was on par with CO(CN)4. During the fourthnrest, CO(CN)4, CO3,
Suguna, Supriya and KKM-1 were on par in which liighest green fodder yield
being recorded by KKM-1 (61.26 t/ha) and the lowgstd was again observed
for IGFRI-3 (44.09 t/ha). During the sixth harvegigld was the maximum for
CO2 (17.66 t/ha) and KKM-1, Suguna and Supriya werear. IGFRI-3 (12.97
t/ha) exhibited the lowest yield. The total greedder production was found to be
higher for KKM-1 (316.04 t/hal/year) and CO(CN)4 1327 t/ha/year) and the
minimum for IGFRI-3 (213.22 t/halyear). With respeo total yield, the
performance of CO2 and DHN-6 were on par and carabked second. Supriya,
CO3 and Suguna came third and IGFRI-3, fourth.



There were significant differences in yield duesfmacing during first,
second, and third cutting. During the first haryéisé highest yield was observed
at lowest spacing of 60cm x60cm followed by 90cr&0cm and 90cm x 90cm.
There was no interaction effect between spacing\amckties. The total green

fodder yield was also higher at closer spacingQain® x 60cm.

4.3.2. Dry matter yield

The dry matter yield estimated from hybrid Napiedtivars at three
spacing of 60cm x 60cm, 90cm x 60cm and 90cm x 9facra period of one year
over six cuttings are presented in Table 17. Dutivaginitial stages, the yield was
less. Then increased gradually and again showectang trend. The highest
dry matter production was recorded during the thiadvest and the lowest yield
was recorded during the sixth harvest. Dry yielding a derivative of green

fodder yield, also showed similar trend as in thgecof green fodder yield.

Dry yield showed significant differences betweea thltivars. During the
first harvest, dry yield was maximum for CO3 (7t8#a) and CO(CN)4, DHN-6,
KKM-1, and CO2 were on par with CO3. The lowestldigvas obtained for
IGFRI-3 (4.4 t/ha). During the second harvest, KKMxhibited the highest dry
yield (16.12 t/ha) and CO(CN)4, DHN-6 and CO2 wenepar with KKM-1. The
lowest yield was obtained from IGFRI-3 with a yiedfl 10.82 t/ha. During the
third harvest, maximum yield was observed for KKM1¥.88 t/ha) which was on
par with CO2 and CO(CN)4. All the cultivars excéBFRI-3 had higher yield in
fourth harvest in which KKM-1 had the maximum dnglg (12.23). During the
fifth harvest also KKM-1 was superior with respéztdry matter production and
CO(CN)4 was on par. During the sixth harvest, CBEM-1, Suguna and
Supriya were on par in which the highest yield vias CO2 (3.69 t/ha). The
lowest yield was recorded by IGFRI-3 (2.67 t/hd)eTotal dry fodder production
was found to be the highest for KKM-1 (64.24 t/lealy) and CO(CN)4 (61.33
t/ha/year) and the lowest yield was obserf@d IGFRI- 3 (44.45 t/halyear).



Table 16. Effect of treatments on green fodder yidl (t/ha) of hybrid Napier at each

harvest
Treatments Stages of harvest

H1 H2 | H3 | H4 | H5 | H6 | Total
Spacing
60cmx60cm| 38.84 77.60 78.37, 57.11 33.99 15.25 301}16
90cmx60cm| 31.30 66.30 76.05 52.76 33.61 14.07 27410
90cmx90cm| 21.80 | 57.71 73.32] 55.82 34.00 15.48 258]13
CD (0.05) 6.51 7.42 241 NS NS NS 14.55
Cultivars
(G{OX] 36.98 57.99| 64.09 60.52  35.68 14.76 270.04
CO(CN)4 35.38 73.03 87.89 60.70  40.49 14.p7  311.77
KKM-1 32.31 76.78 | 89.29| 61.26 40.8 15.31 316/04
Suguna 21.93 63.73 73.70  56.71 29.57 15/43 261.08
Supriya 29.21 68.75 71.63 55.07 30.66 1565 270.97
IGFRI-3 21.30 | 5153, 63.14 44.09 20.19 12.97 213.22
DHN-6 35.97 73.58 7250 5241 35.66 13.18 28331
CO2 32.07 72.25| 85.05 51.09  37.19 17.66  295.93
CD (0.05) 7.33 5.68 2.59 7.99 2.74 2.7 13.20
Interaction NS NS NS NS NS NS NS
Table 17. Effect of treatments on dry matter yield(t’/ha) of hybrid Napier at each
harvest

Stages of harvest

Treatments — 75T 13 | n4 | H5 | H6 | Totl
Spacing
60cmx60cm| 7.97 16.30 15.93 11.70 7.0d 3.34 62.24
90cmx60cm| 6.34 13.92 15.29 10.68 6.79 3.05 56.07
90cmx90cm| 4.48 12.12 14.74 11.47 6.97 3.39 53.15
CD (0.05) 1.377 2.16 0.40 NS NS NS 3.25
Cultivars
COo3 7.54 12.18 12.79 12.30 7.41 3.08 55.80
CO(CN)4 7.25 15.34 17.77 12.45 8.22 3.04 64.07
KKM-1 6.45 16.12 17.88 12.23 8.36 3.19 64.24
Suguna 4.44 13.38 14.72 11.56 5.95 3.55 5360
Supriya 6.07 14.44 14.56 11.3p 6.20 3.62 56/23
IGFRI-3 4.40 10.82 12.82 9.12 4.11 3.1 44.45
DHN-6 7.33 15.45 14.63 10.67 7.47 2.6]7 58.23
CO2 6.60 15.17 17.39 10.58 7.66 3.69 61.10
CD (0.05) 1.38 1.18 0.72 1.68 0.63 0.62 291
Interaction NS NS NS NS NS NS NS




There were significant differences in dry matteelgi under different
spacings in first second and third harvest. Dutimg first harvest, the highest
yield was obtained at lowest spacing of 60cm x 6daaring second harvest also,
the highest yield was recorded at the lowest sgaoin60cm x 60cm. As the
spacing between the plants increased, the dry fogdéd decreased and the
lowest yield was obtained at the widest spacin§G@m x 90cm. The total yield
was also higher at 60cm x60cm spacing. The interactbetween spacing and

varieties were also nil.

4.4. Nutritive value and quality
4.4.1. Crude protein

The data on crude protein content of hybrid Napidtivars are given in
Tables 18 and 19. Crude protein content of leameged from 11.23 per cent
(CO2) to 13.83 per cent (CO(CN)4) and the crudeemmocontent of stem varied
from 6.14 per cent (CO2) to 8.4 per cent (CO(CN)ere were significant
differences between the cultivars with respectriade protein content. All the
cultivars except CO2 were high in crude protein.(C®)4 had the highest
amount of crude protein and was on par with CO3MKK Suguna, Supriya,
IGFRI-3 and DHN-6. Spacing did not affect the crgdetein content. Interaction

between cultivars and spacing also showed no sgnif differences.

4.4.2. Crude fibre

The data pertaining to crude fibre content of iyiNapier grass is given
in Tables 18 and 19. The crude fibre content ofridyNapier leaves ranged from
27.56 per cent (CO(CN)4) to 32.73 per cent (CO2)@nde fibre content of stem
varied from 32.53 per cent (CO(CN)4) to 37.68 pent(CO2). No significant
differences were noticed among different cultivarscrude fibre content. The
spacing did not affect the crude fibre contentedattion between cultivars and

spacing also did not show any significant variation



4.4.3. Crude fat

Crude fat content of hybrid Napier grass is girefiables 18 and 19. The
crude fat content of hybrid Napier leaves rangesf2.66 per cent to 2.82 per
cent and the fat content of stem varied from 1.@0qent to 1.87 per cent. No
significant difference was noticed among the ddfgrcultivars regarding crude
fat content. Spacing also did not affect the criadecontent. Interaction between

varieties and spacing also showed no significaferénces.

4.4.4. Total ash

The data regarding the total ash content are givdmables 18 and 19. The
total ash content of hybrid Napier leaves rangechfl1.62 per cent to 13.07 per
cent and that of stem varied from 12.30 per cent3®0 per cent. Total ash
content showed no significant differences betwetferdnt cultivars. Spacing
also did not affect the ash content. Interactiotwben cultivars and spacing was

also nil.

4.4.5. Nitrogen free extract

The nitrogen free extract of hybrid Napier grasgiven in Tables 18 and
19. The NFE of hybrid Napier leaves ranged fron83Jer cent to 44.82 per cent
and that of stem varied from 42.14 per cent to 2%52r cent. No significant
differences were noticed among the cultivars reggrtiFE. The NFE content of
hybrid Napier did not get affected by spacing oe do interaction between
spacing and cultivars.

4.5. Major nutrient elements
4.5.1. Nitrogen

Nitrogen content of hybrid Napier grass is givenTiables 20 and 21. The



Table 18. Proximate analysis of hybrid Napier leave (%)

Treatments Crude Crude Ether Nitrogen Total ash
protein fibre extract free extract
Spacing
60cmx60cm 13.15 28.58 2.708 43.91 12.70
90cmx60cm 13.23 28.96 2.785 43.38 12.68
90cmx90cm 13.27 29.40 2.828 43.18 12.36
CD (0.05) NS NS NS NS NS
Cultivars
COs3 13.60 28.16 2.80 44.82 11.62
CO(CN)4 13.83 27.56 2.80 43.74 13.07
KKM-1 13.51 30.54 2.78 41.57 12.80
Suguna 13.65 28.32 2.76 43.90 12.46
Supriya 13.44 28.35 2.82 43.97 12.41
IGFRI-3 13.15 28.33 2.79 44.15 12.58
DHN-6 13.30 27.85 2.78 44.42 12.64
CO2 11.23 32.73 2.66 41.33 13.05
CD (0.05) 0.73 NS NS NS NS
Interaction NS NS NS NS NS
Table 19. Proximate analysis of hybrid Napier sten(%o)
Treatments Crude Crude Ether Nitrogen Total ash
protein fibre extract free extract
Spacing
60cmx60cm 7.72 33.54 1.76 44.13 13.19
90cmx60cm 7.81 33.91 1.84 44.05 12.73
90cmx90cm 7.84 34.36 1.88 43.94 12.33
CD (0.05) NS NS NS NS NS
Cultivars
CO3 8.17 33.12 1.85 44.87 12.30
CO(CN)4 8.40 32.52 1.85 44.46 13.07
KKM-1 7.87 35.50 1.83 41.19 13.90
Suguna 8.14 33.28 1.81 44.62 12.46
Supriya 8.01 33.31 1.87 44,73 12.37
IGFRI-3 7.72 33.29 1.84 45.07 12.38
DHN-6 7.87 32.81 1.83 45.23 12.55
CO2 6.14 37.68 1.71 42.14 12.96
CD (0.05) 0.79 NS NS NS NS
Interaction NS NS NS NS NS




nitrogen content of hybrid Napier leaves rangednfrb.80 per cent to 2.21 per
cent and that of stem ranged from 0.98 qmmt to 1.34 per cent. There were
significant differences between the cultivars wigspect to nitrogen content. All
the cultivars except CO2 were high in nitrogen. CR4 had the highest amount
of crude protein and was on par with CO3, KKM-1g&ua, Supriya, IGFRI-3

and DHN-6. Spacing did not affect the nitrogen eoht Interaction between

cultivars and spacing also showed no significafiédinces.

4.5.2. Phosphorus

Phosphorus content of hybrid Napier grass is gimehables 20 and 21.
The phosphorus content of hybrid Napier leavesedrigpm 0.17 per cent to 0.20
per cent and that of stem ranged from 0.16 per te@t20 per cent. The data on
phosphorus content did not differ between the wal and spacing. The

interaction between cultivars and spacing was dgignificant.

4.5.3. Potassium

The data on potassium content are given in Takleand 21. Potassium
content of hybrid Napier leaves ranged from 1.6d gant to 2.14 per cent and
that of stem varied from 1.75 per cent to 2.03 g@amt. Potassium content of
hybrid Napier showed no significant differenceswsstn cultivars and spacing.

The interaction between cultivars and spacing Wssrzot significant.

4.5.4. Calcium

The data regarding calcium content of hybrid Nagjess are given in
Tables 20 and 21. Calcium content of hybrid Najgarves and stem ranged from
0.42 per cent to 0.43 per cent. No significantaltéghces were observed in calcium
content between cultivars and spacings. Interadigiween varieties and spacing

also showed no significant differences.



Table 20. Major nutrient elementsof hybrid Napier leaves (%)

Treatments | Nitrogen | Phosphorus| Potassium | Calcium | Magnesium

Spacing

60cmx60cm 2.10 0.19 1.97 0.43 0.49
90cmx60cm 2.12 0.18 1.91 0.43 0.51
90cmx90cm 2.12 0.18 1.94 0.43 0.49
CD (0.05) NS NS NS NS NS
Cultivars

Co3 2.18 0.19 1.99 0.42 0.49
CO(CN)4 2.21 0.17 1.97 0.43 0.50
KKM-1 2.16 0.18 1.96 0.43 0.49
Suguna 2.18 0.19 2.14 0.43 0.48
Supriya 2.15 0.18 1.64 0.42 0.48
IGFRI-3 2.10 0.20 2.10 0.42 0.50
DHN-6 2.13 0.18 1.85 0.43 0.49
CO2 1.80 0.19 1.88 0.43 0.54
CD (0.05) 0.18 NS NS NS NS
Interaction NS NS NS NS NS

Table 21. Major nutrient elementsof hybrid Napier stem (%)

Treatments | Nitrogen | Phosphorus| Potassium | Calcium | Magnesium

Spacing

60cmx60cm 1.24 0.18 1.84 0.42 0.49
90cmx60cm 1.25 0.18 2.02 0.42 0.49
90cmx90cm 1.25 0.17 1.89 0.42 0.49
CD (0.05) NS NS NS NS NS
Cultivars

COos3 1.31 0.17 2.02 0.42 0.48
CO(CN)4 1.34 0.16 2.03 0.42 0.49
KKM-1 1.26 0.18 1.75 0.42 0.48
Suguna 1.30 0.18 2.00 0.43 0.49
Supriya 1.28 0.17 1.79 0.42 0.48
IGFRI-3 1.23 0.20 1.84 0.42 0.48
DHN-6 1.26 0.17 1.96 0.42 0.49
COo2 0.98 0.18 1.97 0.42 0.48
CD (0.05) 0.13 NS NS NS NS
Interaction NS NS NS NS NS




4.5.5. Magnesium

The data on magnesium content are given in Tal@sand 21.
Magnesium content of hybrid Napier leaves variednfiper cent 0.48 to 0.54 per
cent and that of stem varied from 0.48 per cerfd @4per cent. Magnesium also
did not differ significantly between cultivars, asg@acings. Interaction between

varieties and spacing also showed no significaferénces.

4.6. Oxalate content

The data on oxalate content of hybrid Napier geassgiven in Table 22.
Oxalate content of hybrid Napier leaves ranged fBo@4 per cent to 4.19 per cent
and stem varied from 1.19 per cent to 2.21 per.c€&he cultivars differed
significantly with regard to oxalate content. Thighest oxalate content was
observed in CO2 and IGFRI-3. The lowest oxalatdergrwas observed in DHN-
6. Spacing did not affect the oxalate content.radgon between varieties and

spacing also showed no significant differences.

4.7. Nutrient uptake

The nutrient uptake by plants was calculated dutimrd harvest as a
representative stage of harvest and presentedale P&8. Regarding the uptake of
nitrogen, there were significant differences betwealtivars and CO(CN)4 and
KKM-1 had maximum uptake of nitrogen which were ¢ar. Regarding
phosphorus uptake, there was no variation amontivard as well as among
spacing. Potassium uptake varied between diffepeitivars. CO(CN)4 had
maximum uptake of potassium while KKM-1 and CO2 even par. Regarding
calcium uptake, there was variation between cultivand spacing. Calcium
uptake was found to be higher at closer spacingg@m x 60cm. Among
cultivars, KKM-1 had the highest uptake. Howev@@(CN)4 and CO2 were on



Table 22.Effect of treatments onoxalate content (%) of hybrid Napier

Treatments | Oxalate content of leaves | Oxalate comteof stem
Spacing

60cmx60cm 3.64 1.75
90cmx60cm 3.61 1.72
90cmx90cm 3.67 1.78
CD (0.05) NS NS
Cultivars

CO3 3.83 1.85
CO(CN)4 3.70 1.72
KKM-1 3.09 1.45
Suguna 3.67 1.69
Supriya 3.66 1.68
IGFRI-3 4.17 2.20
DHN-6 2.84 1.20
CO2 4.19 2.21
CD (0.05) 0.33 0.34
Interaction NS NS

Table 23. Nutrient uptake of hybrid Napier grass atthird harvest (kg/ha)

Treatments | Nitrogen | Phosphorus | Potassium | Calcium \ Magnesium
Spacing

60cmx60cm 254.07 29.54 302.30 67.38 78.05
90cmx60cm 245.90 27.68 301.91 64.57 76.21
90cmx90cm 238.03 25.88 280.79 62.47 72.36
CD (0.05) NS NS NS 0.94 NS
Cultivars

CO3 212.94 22.76 256.17 53.75 62.44
CO(CN)4 303.42 29.89 355.08 75.26 87.60
KKM-1 291.75 32.63 328.80 75.66 87.03
Suguna 244,71 26.87 302.84 62.83 71.86
Supriya 238.97 26.09 249.82 61.37 71.30
IGFRI-3 211.76 25.46 251.49 54.00 63.08
DHN-6 237.73 25.60 279.28 61.64 71.78
COo2 226.72 32.31 336.57 73.67 89.26
CD (0.05) 21.60 NS 37.90 3.33 5.32
Interaction NS NS NS NS NS




par. Magnesium uptake was also found to be higbelCO2, whereas KKM-1
and CO(CN)4 were on par.

4.8. Benefit cost analysis

The cost of cultivation of hybrid Napier was caditad for the first year

under experimental condition. The cost was caledldiased on the prevailing

wages and market rate and given in Appendix Il. fétarns were calculated at

the rate of Rs.1.5/kg of green fodder. The benefist ratio was worked out

separately for each cultivar and spacing as predeimt Table 24. Among the
cultivars, KKM-1 showed the highest B: C ratio @.@nd B: C ratio of 2.66 was

obtained due to adoption of 60cm x 60cm spacing.

Table 24. Benefit cost analysis

Treatments Cost Gross returns | Net Returns | g-c Ratio
(Rs./ha) (Rs./ha) (Rs./ha)

Spacing

60cmx60cm 1,69,925 451,740 2,81,815 2.66
90cmx60cm 1,59,857 4,11,150 2,51,293 2.57
90cmx90cm 1,56,375 3,87,195 2,30,820 2.48
Cultivars

CO3 1,62,052 4,05,060 2,43,008 2.50
CO(CN)4 1,62,052 4,67,655 3,05,603 2.89
KKM-1 1,62,052 4,74,060 3,12,008 2.93

Suguna 1,62,052 3,91,620 2,29,568 2.42
Supriya 1,62,052 4,06,455 2,44,403 2.51
IGFRI-3 1,62,052 3,19,830 1,57,778 1.97
DHN-6 1,62,052 4,24,965 2,62,913 2.62
CO2 1,62,052 4,43,895 2,81,843 2.74




Discussion



5. DISCUSSION

An experiments was conducted at Research farme@wlbf Horticulture,
Vellanikkara  during 2009-2010 to obtain information growth, fodder
production potential and nutritive value of someomising hybrid Napier
cultivars under three different spacings. The tesoibtained from the experiment

are discussed based on available literature.

5.1. Growth analysis

The experiment was laid out during December, 20@Dthe planting was
done on 26.12.2009. Plant growth increased witle timd varied according to the
environmental conditions. Initially, the plant gritwwas at a slow rate and later
all the cultivars established well and started shgwproportionate increase in
growth.

Plant height in different hybrid Napier cultivaraned from 141.30 cm to
185.38 cm. Maximum plant height was attained dudoge to August period
after the onset of monsoon. During the initial se@January- April), the grasses
exhibited slow growth due to difficulty in estallliment and high atmospheric

temperature.

Plant height is a varietal character which is genahd may be modified
by the environment. It is seen from the Table 3t ttiee cultivars differed
significantly in height. During the initial stagesKM-1 showed maximum plant
height but later CO2 showed dominance in planthteighe average height was
comparatively higher for cultivars KKM-1, CO(CN)@02 and DHN-6. IGFRI-3
had minimum plant height. Since it is a varietahretter, the varieties under
investigation gave different values as depictedFig.4. In an experiment
conducted at Tamil Nadu Agricultural University (AN), Coimbatore,
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Vijayakumaret al (2009) observed that hybrid Napier cultivar COj&Nan

grow upto 4-5 m height at flowering stage.

Spacing did not have any significant influence tanpheight. Results of
the studies conducted at TNAU, Coimbatore by Vealinamet al (2011) also
revealed that spacing did not influence the plangtt in hybrid Napier cultivar
CO(CN)4.

Average number of tillers in hybrid Napier cultisararied from 25.26 to
38. The results showed that maximum tillering wési@ed during the third
harvest (June). Optimum temperature and enoughgstirduring May with the
receipt of rainfall during June might have favoutegh tillering. According to
Gardneret al (1985), tillering is highly influenced by factomuch as light,
temperature, spacing, moisture and nitrogen sudplying the initial stages
(January- April), the rate of tillering was les$ii§ was probably due to the stress
during establishment and high temperature thatgilex¥ during this period. The
results presented in Table 4 and Fig. 5 showedKKal-1 produced maximum
tillers followed by CO(CN)4 and IGFRI-3. Tiller pdaction is also a varietal
character. The genetic control of axillary branghwas reported in cereals such
as rice, wheat, and oats by Gardeeal (1985). Vijayakumaet al (2009) has
reported that CO(CN)4 is a non lodging grass witlofyse tillers (30-40
tillers/clump). Pandey and Roy (2011) has repottet IGFRI-3 is a profuse
tillering type, erect with narrow upright leavesthvquick regeneration ability and
having thin stem similar to guinea grass. During fihitial stages, KKM-1
produced higher number of tillers and later otheltivars started dominating
KKM-1, which shows that KKM-1 is having capacityrfearly sprouting and easy

establishment than other cultivars.

Production of tillers was higher at wider spacinfj 3®cm x 90cm
compared to closer spacing of 90cm x 60cm and 606@cm as depicted in Fig.

6. During the initial stages, wider spacing redugkht competition for space and



hence plants could utilise the resources moretffdy which resulted in higher
tiller production. The wider feeding area provideg planting at 90cm x 90cm
gave an opportunity for greater root growth, insexhavailability of nutrients and
greater accessibility of nutrients to plant witldueed plant to plant competition.
This is because plants grown with wider spacingehaore area of land to draw
the nutrients and compensate for the low nutriemll of the soil. The plants also
were exposed to more solar radiation which encadtaddjer production. During

the later stages of the experiment, it was obsetivatispacing did not influence

tillering.

According to Gardneet al. (1985) plant density is an overriding factor in
axillary shoot development. Influence of spacindilier development has been
reported by many workers in various crops. Kristamal Biradarpatil (2009)
reported that wider spacing of 40cm x 40cm prodwsigdificantly higher number
of productive tillers in rice compared to closeasipg of 20cm x 20cm and 30cm
x 30cm. According to Jimba and Adedeji (2003) indidal plants fare better at
wider spacing, but closer spacing produces highenber of tillers per unit area
in vetever grass. In an experiment conducted aendig regarding the effect of
plant spacing on growth and yield of rice at thd#féerent spacing of 10cm x
10cm, 20cm x 20cm and 30cm x 30cm, Ogbetl@al (2010) has observed that
tiller production was significantly higher at a spay of 30cm x 30cm compared
to closer spacings of 20cm x 20cm and 10cm x 108milar results were
obtained by Baloclket al (2002) and Channbasappa and Prabhakar (2003).

Leaf production was found to be the maximum in CR@mber of leaves
was found to be higher during June (Table 8). Highenber of leaves per tiller
obtained during June to August period may be becatithe favourable effect of
physiological and environmental factors on plamivgh. It could be observed that
the number of laves decreased towards the end eofedperimental period
(November-December). This can be attributed tohilgé relative humidity and

low temperature prevailed during this period. Leafgth also showed similar



trend as that of leaf number. The leaf length asrgin Table 9 was high during
the initial stages, upto June-August and then dedlitowards the end of the
experiment. Suguna, CO3, Supriya and KKM-1 had érigeaf length. Leaf width

was found to be higher for CO2 as given in TableG@fardneret al. (1985) has

reported that leaf number and size in plants asgadhers which are affected by
genotype and environment. Since leaf length andhwade varietal characters, the
variation in length and width of hybrid Napier \etres under investigation can be

attributed to the genetic make up of the plants.

The number and size of leaves did not show anyifgignt difference
with respect to spacing. All the cultivars perfodnalike under all the spacing
with respect to leaf production. Spacing trial coctéd by Bhattet al. (1985) in
Napier grass also showed similar results that sgadid not affect leaf production
reinforcing the contention that leaf production plants is a more genetically

determined character.

Average leaf area index (LAI) in hybrid Napier &tifrom 7.49 to 7.74
between the cultivars. LAl was low during the ialitstages, and increased during
the third harvest and again decreased towardsnith@fethe year. This can be due
to the reduction in the leaf number and leaf aneand this period.Yao et al
(1990) have observed that thapid increase in LAl of rice at 40-50 days after
planting and reduced LAI during dry period. Ramdrease in LAl during June to
August was associated with stem elongation thahocodéd with good rainy
period. The higher LAI for KKM-1 can be attributéal higher number of leaves
and leaf length of KKM-1 (Table 11). Leaf area irndeas found to be higher at
closer spacing of 60cm x 60cm compared to wideciaga of 90cm x 60cm and
90cm x 90cm as depicted in Fig.7. Results obtaimeMacalingagt al. (1997) in
rice has shown that, among the four spacings {iedm x 20cm, 15cm x 15cm,
15cm x 20cm, 20cm x 20cm) there was an increaséimnunder close spacing of
10cm x 20cm in the irrigated low land rice duringgtwseasonA field study

conducted by Yaet al (1990) at Southern Ivory Coast with two uplarwkvarieties
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under two planting densities has revealed kst was significantly higher at high

plant density treatments compared to that of the density. This confirms the

finding of the present study where higher LAl wdsserved in all eight hybrid

Napier cultivars at a closer spacing of 60cm x 6@ompared to wider spacings
of 90cm x 60cm and 90cm x90cm.

Leaf area ratio (LAR) is a measure of relative ileedgs of a plant. In
hybrid Napier, average LAR ranged from 30.69 t835y/cnf as given in Table
12 and graphically represented in Fig. 8. LAR oftla¢ cultivars was high during
the initial months and showed decreasing trendutiitout the experiment due to
decrease in the relative leafiness with age ofgtiass. Among the three different
spacings tried, LAR was higher at widest spacin@@fm x 90cm than closer
spacing. This can be attributed to the higher &ah under wider spacing. Leaf
area ratio was found to be higher for IGFRI-3 coragao other cultivars during
all the stages. The thin stem and high leaf steio might have contributed to
higher leaf area and lower plant dry weight whidtimately resulted in higher
LAR. Pandey and Roy (2011) have reported that IGFR characterised with

thin stems similar to guinea grass.

Leaf: stem ratio of hybrid Napier cultivars remairedmost unchanged till
the end of the experiment (Table 13). The averagé ktem ratio ranged from
0.66 (CO2) to 0.92 (IGFRI-3). The highest leaf stemtio was observed for
IGFRI-3. This is due to the fact that, IGFRI-3 isacacterised by thin stem and
numerous number of leaves. Pandey and Roy (20VE) iegorted that IGFRI-3
Is characterised with thin stem like guinea grd$e average leaf: stem ratio of
CO3 and CO(CN)4 was found to be 0.7 and 0.718.y"gkamaret al (2009)
reported that in station trial conducted at TNAWi@batore, leaf: stem ratio of
hybrid Napier cultivar CO(CN)4 was found to be OwHich was higher than that
of CO3 (0.6). Relative growth rate (RGR) is the dmgight increase during a time
interval in relation to its initial weight. From&hRGR values presented in Table

14 and Fig. 9, it could be inferred that all thétigars showed low RGR values



during the initial summer period and then agaimrtsti showing higher RGR
values in rainy season which declined during OatobeDecember months.
According to Gardneet al (1985) RGR of crop plants begin slowly just after
germination, peaks rapidly soon afterwards and ta#s off. According to Tesar
(1984), RGR decreases with plant age and the atalctievelopment may not
contribute to metabolically active tissue and ashsipbes not contribute to growtm
all the cultivars, the rapid increase in plant heignd plant dry weight coinciding
with good rainy period during the month of Juneuhesl in high RGR values.
CO3, CO(CN)4 and KKM-1 exhibited higher relativeogth rate than other
cultivars. This may be attributed to higher plaeight and higher number of
tillers produced by these cultivars which ultimgtedsulted in higher plant dry
weight. IGFRI-3 had the lowest RGR because of #tem, lower plant height,
and dry weight.

The growth rate of all the cultivars was highewader spacing of 90cm x
90cm compared to closer spacing during early grastalges. This variation was
not observed during the later stages. The plantgdsr spacing were exposed to
more solar radiation which encouraged enhancedopimothetic process. This
situation definitely increased uptake of nutriebtsthe grasses and resulted in
better growth during early stages. But later duecd@atinuous harvesting, the
plants under all the three spacing exhibited a gedu uniform growth rate.
According to Tesar (1989), competition for watetrimnts and light may cause
reduction in growth rate when plants in crop sttadome larger. The findings of
Yaoet al (1990) in rice under two planting densities walso in accordance with the
above result thdbw plant density favoured high relative growth rate®tighout the

growing season.

Net assimilation rate (NAR) is a measure of theraye photosynthetic
efficiency of leaves. It is the net gain of assatel or dry matter accumulation per
unit leaf area per unit time. In hybrid Napier, NARried from 5.02 to 5.94
g/m?/day. Gardneret al (1985) suggested that as the plant grows and LAl



increases, more and more leaves become shadedhgaudecrease in NAR as
the growing season progress. The NAR of hybrid Blapultivars tried in the

present experiment are giver in Table 15 and gcatigirepresented in Fig. 10. It
could be seen from the data that NAR was high dutine rainy season due to
rapid accumulation of dry matter in these stagesirig summer, all the cultivars
showed decline in NAR due to senescence of led@xethe receipt of rains, NAR

improved due to vigorous growth of the plant. Adsticonducted by Cooper
(1967) regarding the effects of shading and timehef year on NAR of young
glasshouse tomato plants, has shown that NAR wasminimum during mid

December and maximum during early July. The resfltae present study are in

confirmity with the above findings.

Among the cultivars, NAR was found comparativelgher for KKM-1.
This can be attributed to the higher leaf area RGR of KKM-1. Higher NAR
was observed under low plant density treatmentsduhe initial stages of the
experiment, but towards the end of the experimgraebd, the variation in NAR
with respect to spacing was not significahtfield study conducted by Yaet al
(1990) at Southern Ivory Coast with two upland n@gieties under two planting
densities has shown thetw plant density was favourable to net assimilatiod an
relative growth rates throughout the growing seamwhNAR declined very rapidly
during the dry period.

5.2. Fodder production

The data on green fodder and dry fodder produdiimnone year from
planting till the end of the experimental periodgisen in Tables 16 and 17. It
indicates a clear yield advantage for KKM-1 and CNJ4 than other cultivars.
Higher yields of KKM-1 and CO(CN)4 may be attribditeo higher plant height,
number of tillers, leaf length, leaf area indexlatige growth rate and net

assimilation rate. It is generally accepted ttieg rate of fodder production is a
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function of tiller production and leaf growth (Ryl&970 ; Barbbar, 1985; Selvi
and Subramanian, 1993). Singtt al (1995) has observed that, leafiness
measured by leaf number and leaf area per plaheisnost important parameter

indicative of yield.

As depicted in Fig 12, the highest green foddetdyieas recorded by
KKM-1 (316.04 t/ha/year) and CO(CN)4 (311.70 t/lesly) which were on par.
Vijayakumaret al (2009) has reported that under the trial condueteTNAU,
Coimbatore, CO(CN)4 gave a mean green fodder w882 t/ha/year. Dast al
(2000) has reported that KKM-1 recorded an avegrgen fodder yield of 288
t/halyear in station trials at Killikulam. It seetf&t the performance of KKM-1 is
better in Vellanikkara condition than Killikulam.h& lowest yield was recorded
by IGFRI-3 (213.92 t/halyear). Pandey and Roy (20&forted that IGFRI-3 is a
cultivar suitable for central and north zone of doaintry and under north Indian
condition it yielded 70-80 t/ha green fodder inear Faruquet al (2009) has
reported that IGFRI-3 was having a green foddeemigdl of 90-160 t/ha. The
results of the present study indicate that IGFR&d better under Kerala
condition than north Indian condition. Taking frésklder yield into account, the
cultivars can be ranked into four groups. As KKMuaid CO(CN)4 are the best
yielders, they can be ranked first. CO2 and DHN& @ par in fresh yield and
can be ranked second. Supriya, CO3 and Sugunéiadeand IGFRI-3 comes
fourth in yield.

Closer spacing of 60cm x 60cm was found to be beitgield compared
to wider spacings of 90cm x 60cm and 90cm x 90cmiegscted in Fig.11. Under
closer spacing, the number of plants per unit are@eased and hence yield also
increased. Willey and Heath (1969) observed thhigiter population levels, total
dry matter production generally increased. Studmsducted by Munegowdet
al. (1989) on fertilizer and spacing of hybrid Napiariety BH-18 has shown that
the highest yield was realised in all fertilizeveéés at closer spacing of 60 x30 cm.



They also observed a progressive decrease in wghdincrease in spacing to
75cm x 45cm, 100cm x 60cm and 120cm x 90cm. Velagodet al. (2011)
studied the impact of spacing on the performancbapfa Napier hybrid which
revealed that adoption of lower spacing of 60cmOgm and 75cm x 50cm had
enhanced the number of tillers per clump and teé&dyBhattiet al (1985) also
confirmed the above findings that closer spacingp@m x 50cm significantly
produced higher dry matter yield in Napier grasantlwider spacing. All these
results confirmed that the plant population pet anea is a factor that contributes

to final biomass production.

5.3. Nutritive value and quality

Palatability and nutritive value of roughages feu dattle plays an
important role in deciding animal production. Itassential to provide animals
with forages having good palatability and high rniwe value. Nutrient
composition of different cultivars of hybrid Napieras determined from samples
taken at six months after planting. The proteintenhin the forage is expressed
as crude protein which gives an approximate valuth® protein content. The
crude protein content of hybrid Napier leaves ranigem 11.23 per cent to 13.83
per cent and that of stem varied from 6.14 per te®.40 per cent. Pandey and
Roy (2011) reported that hybrid Napier grass contm average crude protein
content of 10.2 per cent. Fernandstsal. (2007) reported that, during rainy
season, hybrid Napier grass contain an average qgratein content of 9.91 per
cent. Significant difference in nitrogen and hemtecrude protein content was
observed among the cultivars, in the present stusljong the cultivars,
CO(CN)4 was found superior in terms of crude protdi3.83 and 8.40 percent
respectively in leaf and stem) while most of thieeotcultivars, except CO2 were
on par. Vijayakumaset al. (2009) reported that in a station trial conducted
TNAU, hybrid Napier cultivar CO(CN)4 has got an eage crude protein content
of 10.71 per cent. The above result corroboraté wie findings of the present

study.



There were not much differences between hybrididtagultivars with
regard to crude fibre content. In the present arpant, the crude fibre content of
hybrid Napier leaves ranged from 27.56 per cenda@3 per cent and that of
stem from 32.53 per cent to 37.68 per cent. PaaddyRoy (2011) reported that
hybrid Napier grass contain an average crude ibreent of 30.5 per cent.

Ether extract, nitrogen free extract and ash cante the grass did not
show any remarkable variation between differentivcans. Ether extract gives an
estimate of crude fat content in the feed. Nitrogee extract represents the
digestable carbohydrates present in the feed. Awsttent gives total mineral
content. The crude fat content of hybrid Napievésaranged from 2.66 per cent
to 2.82 per cent and that of stem varied from h&BOcent to 1.87 per cent. The
nitrogen free extract of hybrid Napier leaves rahftem 41.33 per cent to 44.82
per cent and that of stem varied from 42.14 pet ted5.22 per cent. The total
ash content of hybrid Napier leaves ranged fron®2 per cent to 13.07 per cent
and that of stem varied from 12.30 per cent to A%8r cent. Fernanded al.
(2007) reported that, during rainy season, hybragilr grass contain an average
crude fat content of 2.68 per cent and total asttent of 14.11 per cent.

Phosphorus and potassium content of hybrid Nap&ssgwas similar in
all the cultivars. Calcium and magnesium contesb ahowed no significant
difference between the cultivars. The oxalate auntéd hybrid Napier leaves
ranged from 2.84 per cent to 4.19 per cent and s&mad from 1.20 per cent to
2.21 per cent. Fernandes al. (2007) reported that, during rainy season, hybrid
Napier grass contain high nutrient composition carag to winter and summer
season and exhibit an average oxalate percentag®nf Kauret al. (2009) has
reported that the hybrid Napier leaf exhibit sigrahtly higher concentration of
oxalate (3.8 per cent) compared to stem (1.95 pmart).c Oxalate content
significantly differed between cultivars and it wiasind to be more in CO2 and
IGFRI-3.The least oxalate content was recordedHNES, which is a favourable
character from nutritional point of view. High oas content of forage is harmful



to animal health and it will adversely affect caloi uptake in animals. Hence

cultivar with less oxalate content is more preférab

The results on nutrient composition of the herbagdifferent cultivars of
hybrid Napier grass showed that there are sigmficéferences in crude protein
and oxalate content among the cultivars. Regardthgr nutritional parameters

the differences in value was quite narrow.

5.4. Nutrient uptake

Regarding the nutrient uptake from soil, KKM-1, @D)4 and CO2 had
higher rate of removal. The uptake of nutrientpiisnarily a function of total
biomass production and nutrient content at celldrel. Among the three
spacings, nutrient uptake by plants was found thigleer under closer spacing of
60cm x 60cm compared to wider spacings. Under clsgacing, the number of

plants per unit area is higher and hence the higtterof removal.

5. 5. Benefit cost analysis

The economic analysis of hybrid Napier cultivatidaring first year of
crop growth was done separately for different spgeiand different cultivars. It
showed that adoption of 60cm x 60cm spacing is nem@omical than wider
spacings. Among the cultivars tried, KKM-1 followbg CO(CN)4 was found to

be more profitable as they gave higher yield aidnme than others.

The results of the present study has shown thiatidhyNapier has high
forage value as green fodder and holds greateripeofor cultivation in the high
rainfall areas as well as irrigated tracts of tleindry. Among the cultivars
evaluated, KKM-1 and CO(CN)4 hold superior quaditi@ith respect to high
forage yield and crude protein content. Althougl tultivars DHN-6 and CO2
are comparable in yield and ranked second, qualise DHN-6 is better as

shown by the lowest oxalate content, better leaimstatio and crude protein



content. Therefore, along with KKM-1 and CO(CN)4H®-6 can also be

recommended for Kerala under irrigated conditions.

Among the spacings tried, 60cm x 60cm was the idpating for hybrid
Napier cultivation under Kerala condition is forttygy maximum fodder yield.






SUMMARY

Hybrid Napier is a fodder grass widely grown in &er The present
experiment was undertaken to have an understandintpe growth, fodder
production potential and nutritive value of poputgbrid Napier cultivars under
different spacing. The experiment was conductedthet Research Farm,
Department of Agronomy, College of Horticulture, IMaikkara during 2009-
2010. The main objectives were to identify supeaadltivars of hybrid Napier in
terms of growth, yield and quality and to standsedoptimum plant spacing for
hybrid Napier.

Eight popular cultivars namely CO2, CO3, CO(CN§&M-1, Suguna,
Supriya, IGFRI-3 and DHN-6 were planted under tht#erent spacing of 60cm
x 60cm, 60cm x 90cm, and 90cm x 90cm. Totally siitings were taken during
the period of one year at 50-55 days interval. @fam®ns regarding biometric
characters and growth indices were made at the ¢imeach harvest. Nutrient
compositions were also analysed at six months pfterting. Comparisons were
made between eight different cultivars of hybridpia under three different

spacings.

Growth characteristics

In general, growth was comparatively fast during thiny season. The
cultivar KKM-1 attained maximum plant height andleting immediately
followed by CO(CN)4. Regarding the number of leav@®2 had the maximum
number of leaves followed by CO(CN)4 and DHN-6. &y Supriya, KKM-1
and CO(CN)4 exhibited higher leaf length. Leaf \wigtas found to be higher for
CO2 followed by DHN-6. IGFRI-3 showed high leafrateratio as well as high
leaf area ratio compared to other cultivars. Leaahandex (LAI) was high with
respect to KKM-1 and CO(CN)4. Relative growth lR€&R) and net assimilation
rate (NAR) was higher for KKM-1. KKM-1 exhibited tter plant growth with

respect to plant height, number of tillers, leaigt, leaf area index, relative



growth rate and net assimilation rate. However enegal, all the cultivars

performed well were comparable with KKM-1.

Regarding spacing, number of tillers per plant e@sparatively higher at
wider spacing of 90cm x 90cm. Leaf area ratio aldtive growth rate were also
higher under lower plant densities. At the sametileaf area index was higher at
closer spacing of 60cm x 60cm. Other parametens as@lant height, number of

leaves, leaf : stem ratio etc. were not significaith respect to spacing.

All the cultivars showed decline in growth durirgetinitial and final three
months of the year with respect to plant heightnber of tillers, number of
leaves per tiller, leaf length, leaf area indexlatree growth rate and net
assimilation rate. The impact of this was cleadflacted in yield also. Growth
was better during the rainy period from June to Usig

Fodder production potential

Fodder production potential of hybrid Napier cudtis, under three
different spacing of 60cm x 60cm, 60cm x 90cm ar8cm x 90cm was
compared by harvesting the herbage and assessngryhmatter production at
50-55 days interval, for a period of one year. Tikebage production potential of
all the cultivars tried was comparable with eacheotunder the three different
plant populations. Total yield was the highestK&tM-1 followed by CO(CN)4
and comparatively the least yield was obtainedI@fRI-3. The highest green
fodder yield of 311.77 t/hal/year was recorded feMk1 followed by CO(CN)4
(311.77 t/halyear) which were on par. The cultive®2 and DHN-6 can be
ranked second based on yield. Supriya, CO3 andrfaugame third in fodder
production and IGFRI-3, fourth with the lowest yelf 213.22 t/halyear.

Between the different spacings tried, there wegaicant differences at
the initial stages of the experiment. The growtls Wweghly influenced by spacing

as higher yield was recorded at a closer spacir@om x 60cm. Later, the yield



did not show any significant difference betweerfedént spacings. Considering
annual fodder production, herbage and dry matedgiwere higher at high plant

density treatments.

A decline in growth was observed during summer m®rdue to high
moisture stress, whereas with the onset of mongbengrasses showed gradual
increase in growth which had direct influence oeldi More fodder yield was

obtained at third harvest for all the cultivars endll the plant densities.

Nutrient composition and uptake

Nutrient compositions like crude protein, cruderdib ether extract,
nitrogen free extract, total ash, phosphorus, gatag calcium, magnesium, and
oxalate content of all the cultivars were assesgesix months after planting.
Generally, nutrient content showed no significaffetence between the cultivars
as well as spacings. However, crude protein andatxa&ontents were found to
show significant differences between the cultiv&88(CN)4 had highest crude
protein content while most of the other cultivarscept CO2 were comparable
with CO(CN)4. Oxalate content which is an anti rianal factor, was found to
be higher in CO2 and IGFRI-3 while the least oxalabntent was recorded in
DHN-6. Hence from nutritional point of view, theltuar DHN-6 was found to

be superior.

Regarding the nutrient uptake from soil, KKM-1, @M)4 and CO2 had
higher rate of removal. Among the three spacings;ient uptake by plants was

higher under closer spacing of 60cm x 60cm comptredder spacings.

Benefit cost analysis

The B:C ratio was more than one for of all thdigals and spacings tried.
This shows that hybrid Napier cultivation is a jadfle enterprise which provide

yield throughout the year. Cultivation of KKM-1 wa®und to be most



economical for which the maximum B:C ratio coulddi®ained. Under the three

spacings tried, closer spacing of 60cm x 60cm waad to be more profitable.

The results of the present study has shown thermupy of recently
released hybrid Napier cultivars in fodder produtti Among the cultivars
evaluated, KKM-1 and CO(CN)4 ranked first with respto high fresh and dry
fodder yield and nutritional qualities. Althoughetltultivars DHN-6 and CO2
were comparable in yield and ranked second, qualisg DHN-6 was better as
shown by the lowest oxalate content, better lef@msratio and crude protein
content. Therefore, along with KKM-1 and CO(CN)4H®-6 can also be
recommended for Kerala under irrigated conditiofise spacing 60cm x 60cm
was the ideal spacing for hybrid Napier cultivatiomder Kerala condition which

gave the maximum green fodder and dry matter yield.
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APPENDIX-|

Monthly rainfall (mm), surface air temperatuP€), Relative humidity (%) and
sunshine hours (h/day) at COH, Vellanikkara front@&waber 2009 to December
2010 (Latitude 1¥B1’ N, Longitude 7813’ and Altitude 40.29 MSL)

Surface air Mean wind | Sunshine
Rainfall Temperature (°C) Relative Humidity % speed Hours

Montns (mm) | Maximum | Minimum | Morning | Evening | (Km/hr) | (h/month)
DEC 42.7 31.8 23.9 73 62 8.9 241.6
JAN 0 32.5 22.7 74 61 7.6 280.0
FEB 0 34.9 23.7 78 59 6 253.6
MAR 12.9 36.2 24.8 85 65 3.6 258.9
APRIL 103.6 35.1 25.2 89 73 3.6 221.7
MAY 128.8 33.1 25.6 91 79 3 166.5
JUNE 700.4 30.4 23.8 95 87 2.8 89.7
JULY 552 29.2 22.9 96 88 2 56.8
AUG 224.1 29.3 23.2 95 87 3 78.6
SEP 326.7 30.5 23.1 94 83 2.6 125.
OoCT 667.6 29.7 22.4 95 85 2.1 129.5
NOV 282.8 30.4 22.5 92 81 3.4 122.5
DEC 24.5 30.9 22.0 83 70 5 206.7




APPENDIX-II

Cost of cultivation of hybrid napier for one hectare

Particulars Men Women Quantity | Rate Amount
@Rs. 255 | @ Rs. 165 (Rs.) (Rs)
I. land preparation
Land clearing 4 10 2,670
Tractor ploughing 5hours  500/hr 2,500
Making ridges and furrow 12 3,060
Total 8,230
[I. manures and fertilizers
Farm yard manure 25t 10001t 25,000
Urea 200 kg 6/kg 1,200
Raj phos 50 kg 6/kg 300
Muriate of potash 50 kg 6/kg 300
Application - basal 4 8 2,340
Application — top dressing 8 1,320
Total 30,460
[ll. planting materials and planting
60 x 60 cm 20 9260 24,135
90 x 60 cm 12 6175 0.75/sljp 14,067
90 x 90 cm 08 4115 10,585
IV. Irrigation 24 3,960
V. Intercultivation
Weeding 20 3,300
Digging & Raking (twice) 40 10,200
VI. Harvesting and 72 432 89,640
loading (6 times)
60 x 60 cm 1,69,925
Grand total 90 x 60 cm 1,59,857
90 x 90 cm 1,56,375
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ABSTRACT

Hybrid Napier grass, an interspecific cross betwdgapier grass
(Pennisetum purpureu®chum.) and bajrdPennisetum glaucum.) is a popular
fodder grass grown in many parts of Kerala. Thesgme investigation was
undertaken to have an understanding on the growracteristics, fodder
production potential and nutritive value of somepuylar cultivars of hybrid
Napier grass and also to find out the effect ofnplaopulation on their
performance. The experiment was conducted at thersgny research farm of
College of Horticulture, Kerala Agricultural Unissty, Vellanikkara during
2009-2010.

Eight popular cultivars, namely, CO2, CO3, CO(CN§&KM-1, Suguna,
Supriya, IGFRI-3 and DHN-6 were planted under thaigferent spacing of 60cm
X 60cm, 90cm x 60cm, and 90cm x 90cm. Observatweie taken during the
period of one year on growth and fodder productpmtential. The nutrient
composition of different cultivars of hybrid Napigrass was also analysed.

Among the cultivars evaluated, the growth was camatpaely fast in
KKM-1 followed by CO(CN)4 with respect to plant gat, number of tillers, leaf
length, leaf area index, relative growth rate aatlassimilation rate. The fodder
production potential of the cultivars was assesselarvesting the herbage at 50-
55 days interval. The green and dry matter yieldécated a clear yield advantage
for KKM-1 and CO(CN)4, which were on par and heneea be ranked first. The
cultivars CO2 and DHN-6 can be ranked second basegaeld. Suguna, CO3 and
Supriya came third in fodder production and IGFRE®urth with the lowest
yield.

Regarding spacing, number of tillers per plant e@sparatively higher at
wider spacing of 90cm x 90cm. Leaf area ratio aidtive growth rate were also

higher under lower plant densities. At the sametileaf area index was found to



be higher at closer spacing of 60cm x 60cm. Otleameters such as plant
height, number of leaves, leaf: stem ratio etc.ewleund to be non significant
with respect to spacing. Considering annual foqaeduction, herbage and dry

matter yields were higher at closer spacing of 6R&@&0Acm.

Nutritional attributes like crude protein, cruderé, ether extract, nitrogen
free extract, total ash, phosphorus, potassiuntcjural magnesium, and oxalate
content of all the cultivars were assessed. Natrdily, the cultivars differed with
respect to crude protein and oxalate content. i#dl ¢ultivars except CO2 had
higher crude protein content. Oxalate content wischn anti nutritional factor,
was higher in CO2 and IGFRI-3 while, the least atalcontent was recorded in
DHN-6. From nutrient point of view, the cultivar DH6 was found to be

superior.

Regarding the nutrient uptake from soil, KKM-1, @M)4 and CO2 had
higher rate of removal. Among the three spacings;ient uptake by plants was
higher under closer spacing of 60cm x 60cm comperedder spacings. Among
the cultivars, B:C ratio was maximum for KKM-1 aachong the spacings, closer

spacing of 60cm x 60cm was found to be more ptafita

Among the cultivars evaluated, KKM-1 and CO(CN)#ked first with
respect to high fresh and dry fodder yield. Althlodlge cultivars DHN-6 and CO2
were comparable in yield and ranked second, quaidg DHN-6 was better with
the least oxalate content, better leaf: stem ratiol crude protein content.
Therefore, along with KKM-1 and CO(CN)4, DHN-6 calso be recommended
for Kerala under irrigated conditions. The spaa@0cm x 60cm was the ideal

spacing for hybrid Napier cultivation in Kerala clitron for maximum yield.



