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INTRODUCTION

The unique tropical location with bountiful climatic advantages makes
Kerala one of the green states in the country with rich biodiversity. Ample
rainfall and conducive edaphic attributes provide excellent agroclimate for the
cultivation of array of agricultural and perennial crops. Prominent among them
include coconut and rice in the lowlands; rice, tapioca, banana, arecanut, coconut,
pepper, cashew and rubber in hot humid midlands and tea, coffee and cardamom
in the cool subtropical highlands. Agriculture is practiced in over 55 % of the

geographical area.

Kerala has a diverse land use and cropping patterns. Among these
homegardens and coconut gardens are two prominent traditional landuse practices
in Kerala. The multitier homegardens are internationally recognised as unique
land management system primarily on account of their multi functionality, low
input, self-reliance, socio-economic feasibility and market resilience. Round-the-
year availability of diverse agricultural products ensure the dietary and nutritional
security of the household in addition to assisting in economic stability of the
family. However, the recent undesirable land use trends in the socio-economic
milieu of Kerala mooted by intense population pressure has brought paradigm
shift in the land use practise that has seriously influenced the stability of this
unique agro-ecosystem both in quantitative and qualitative terms. Hence,
consistent efforts are required to improve the productivity of homegardens. One
of the strategies to revive the traditional homegarden is to promote the
understorey productivity through judicious intercropping of compatible shade
tolerant crops of commercial value. Such efforts can help to earn substantial

returns to the farmer at a lower cost of cultivation.

Coconut (Cocos nucifera L.) forms yet another prominent agricultural land
use activity extensively practiced in Kerala. The coconut palm is known as
Kalpavriksha or tree of heaven for its multifarious uses. More than 90 % of the
five million coconut holdings in the country are less than one ha in size. In the

recent times, coconut cultivation has become unattractive owing factors such as



1)

productivity decline due to diseases and high maintenance cost resulting in lower
income. This is particularly important in the light of declining soil health
consequent to undesirable land use practices. In many coconut growing countries
with less pressure on Jand resources, coconut is cultivated as pure crop. However,
the wide spacing in coconut plantation offers good opportunity for the integration
of suitable agricultural crops. This is particularly suitable for Kerala where the
demographic pressure on the land is intense and generation of alternative revenue
from coconut gardens form a viable land use strategy. Furthermore, adoption of
agroforestry systems in coconut plantations could be helpful in improving the
current poor performance. Prospects of coconut farming can be improved through
the integration of compatible intercrops which help to provide higher farm
income. Traditional wisdom suggest that many annual, biennial and perennial
crops can be effectively grown in coconut garden giving complementary boost up
in coconut yield. However, successful intercropping depends on the type of the
intercrop, coconut growth phase, understorey light availability and related
biophysical elements. Selection of the suitable intercrop and their planting pattern

can assure successful intercropping.

The agroclimatic condition of Kerala provides an ideal habitat for
cultivation of medicinal plants. The ever increasing demand for these medicinal
plants necessitates the large scale cultivation in available spaces. However,
limited land resources are a potential impediment in the large scale cultivation of
medicinal plants in Kerala. Many workers have stressed the importance of
intercropping medicinal plants in the different cropping systems. Therefore
medicinal plants will be the ideal choice for both homegarden and coconut
plantation, because majority of them are shade tolerant, resistance to pests and
diseases and cultivation is less labour intensive compared to other cash crops.
Medicinal plants are looked upon not only as a source of affordable health care
products but also as a source of income. There is a growing demand for plant
based medicines, health products, essential oils, fragrances, cosmetics and natural
aroma chemicals in the National and International markets. Among the array of

medicinal plants available, probably shade tolerant herbaceous medicinal crop of



(V%)

zingiberaceae family viz. ginger (Zingiber officinale), turmeric (Curcuma longa)
and galangal (Kaempferia galanga) may be better candidates for intercropping
under the low understorey light regimes and resource competitive conditions
existing in homegardens and coconut gardens. Furthermore, these are crops with

high demand in view of their medicinal and culinary values.

Hence, the present study focuses on evaluating the compatibility of
selected shade tolerant intercrops viz. ginger (Zingiber officinale), turmeric
(Curcuma longa) and galangal (Kaempferia galanga) when grown under the two
major land management systems of Kerala viz. traditional homegarden and
coconut garden. The understorey productivity in tree based systems is often a
function of biophysical factors such as light availability, soil factors and below
ground competitive interactions. Hence the comparative advantage of biophysical
factors contributed by the perennial components in the system will be evaluated as

part of the study. The specific objectives of the study are as shown below:

a. To study relative performance of selected herbaceous medicinal crops viz.
ginger (Zingiber officinale), turmeric (Curcuma longa) and galangal
(Kaempferia galanga) when grown under two major tree based cropping
systems in Kerala viz. homegarden and pure coconut garden.

b. To analyze the biochemical changes affecting product quality of the
medicinal crops from two tree based land use systems.

c. To examine the biophysical interactions between the medicinal crops and
the soil variables.

d. To study and compare soil carbon sequestration in two land use systems
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REVIEW OF LITERATURE

Agroforestry is a relatively new name for a set of old practices. Growing
arable crops in association with tree species forms a dominant landuse system in
many parts of the tropics. The term agroforestry describes such integrated
landuse practices in which perennials are integral part. The concept of
agroforestry is internationally accepted as a collective name for landuse systems
in which woody perennials are grown in association with herbaceous plants and/or
livestock in a spatial arrangement, a rotation or both and in which there are both
ecological and economical interactions between the tree and non-tree components
(Young, 1987). Basic attributes of all agroforestry system are productivity,

sustainability and adaptability (Nair and Dagar, 1991).
2.1 AGRISILVICULTURE

Agrisilviculture is a branch of agroforestry which incorporates fast
growing multipurpose tree species in the crop fields. Alley cropping, improved
fallow, homegardens, taungya, _multi-tiered tree gardens, plantation crop
combinations, shelter belts and wind breaks are examples of Agrisilviculture.
Smallholder farmers are inclined to intercrop young trees with intensively
managed arable crops to confer nutrient and weeding benefits while gaining short-
term returns. Charging the cost of timber establishment to the intercrop as well as
reducing fire perhaps, provides small holders with comparative advantages not
enjoyed by industrial plantations (Garrity and Mercado, 1994). The presence of
woody perennials in such integrated landuse systems has both advantages (soil
conservation and fertility improvement) as well as disadvantages (decreased
productivity by competitive interactions). Tree-crop compatibility trials in pursuit
of identifying ideal combinations for understorey productivity improvements were
conducted at several locations in India. Some of the reported combinations
include rubber-banana (Rodrigo ef al, 2001), Hardwickia binata-based
agrisilvicultural system involving sorgum-pearl millet, pigeon pea, soybean and

cotton (Khadse and Bharad, 1996), coconut-based crop combinations for humid



tropics such as coffee-banana, banana with ginger turmeric pineapple, papaya-

pineapple, coffee-MPT-pepper (Nair, 1983; Lyiange, e/ al., 1985).

2.2 EFFECT OF TREE CHARACTERISTICS ON PRODUCTIVITY OF
AGRISILVICULTURE SYSTEMS

The understorey productivity in polyculture system are influenced by an
array of factors. Among them understorey PAR (Photosynthetically Active
" Radiation) and belowground competition for water and mineral nutrient are of
paramount importance. Tree components exert a marked influence on system
productivity. There are several reports relating the influence of root and canopy
architecture, crown characteristics and other tree attributes on the productive
efficiency of agroforestry systems (Mathew er al. 1992; George, 1993;
Jamaludeheen, 1994). This includes the role of trees in bringing about ‘microsite
enrichment’ through processes such as efficient cycling of plant nutrients, nutrient
pumping (Huxley, 1985) and biological nitrogen fixation (Nair, 1989). Canopy
architecture and structure play an ilnporfant role In interception of the incoming
solar radiation. Terjeing and Louise (1972) reported that conical trees intercepted
a higher amount of radiation, especially at higher altitudes. Norman and Jarvis
(1974) also evaluated the influence of canopy structure on interception of
radiation. They concluded that the path length of light through crown silhouette
area and canopy volume did not significantly affect shading capacities in five
stands of tree species studied. According to Mathew ef al. (1992), the
cladophyllous canopy of Casuarina equiestifolia facilitated increased infiltration

and thereby increased the herbage yield of understorey fodder crops.
2.3 BELOW GROUND INTERACTIONS

Competition for native and applied resources among component crops is
an important factor that limits the productivity of agroforestry systems (George et
al., 1996). In Haryana Acacia nilotica based agroforestry systems reduced the
yield of wheat (Puri ef al., 1995). Reduction of crop yield in agroforestry system
may be observed due to several reasons, but it may also be compensated in the

long term by microclimate modification (Kohli and Saini, 2003) and residual



nitrogen after removal of old trees as a result of enhanced N fixation under
Acacia. Root competition for nutrients is a complex combination of soil supply
and plant uptake mechanism. Vandenbeldt er al. (1990) reported that soil
nutrition and competition for soil water is dependent on root distribution pattern.
Plants with deep root system generally decrease competition whereas shorter thick
roots quickly deplete adjacent nutrient pools, promoting steep and extensive
nutrient gradients (Gillespie, 1989). Ong et al. (1991) found that tree roots can
exploit water and nutrients from the sub soil whereas field crops having shallow
roots are actively involved in surface soil. Lott et al. (2009) examined the
intercepted radiation, spatial distribution of shade in Zea mays grown in
intercropping system and sole cropping in semi arid Kenya. Their study revealed
that tree decreased photosynthetic photon flux density incident on understorey
maize by 30 per cent. The yield reduction was much greater than in the 25 per
cent shade. Zea mays shade was unaffected by 50 per cent shade but decrease
with increase in shade. Gao ef al. (2013) studied photosynthesis, growth and yield
of Glycine max and Arachis hypogaea by measuring photosynthetically active
radiation, net photosynthetic rate, soil moisture and soil nutrients in a plantation of
apple (Malus pumila) at a spacing of 4 m x 4 m in China. The result showed that
soil moisture was the primary factor affecting the crop yield following the light.
They concluded that apple-soybean and apple-peanut intercropping systems can
be practical and beneficial. However distance between crops and tree rows should
be adjusted to minimize interspecies competition. Agronomic measures such as
regular canopy pruning, root barriers, additional irrigation and fertilization also

should be applied in the intercropping systems.
2.4 PRODUCTIVITY UNDER PLANTATION CROP COMBINATION

Variation in understorey productivity has been observed for many
plantation crops such as coconut and arecanut. A well designed high density
multi-storeyed crop model suited to a given agroclimatic situation generates
greater biomass output, yields more economic produce, generates steady and

higher total income, additional employment opportunities for family labours and



meets diversified needs of the farmers, such as food, fruit, vegetables, fuel, etc
(Ghosh and Hore, 2007). Shade loving species, requiring low light intensities are
likely to perform better under high-density multi-storeyed cropping system.
Reduction in yield of seasonal crops under reduced light conditions (as intercrop)
is reported by Oswald ef al. (1995) in sweet potato. In any intercropping system,
light appears to be one of the most important limiting factors deciding the

productivity of crops.
2.5 COCONUT BASED INTERCROPPING SYSTEMS

Multispecies and multi-storeyed cropping system ensures maximum
resource capture and use, leading to higher yield per unit area of soil, water and
light. Improvement in the soil properties and biological activities in the root
region of coconut due to intercropping, results in the modification of soil
environment for the benefit of the plant growth (Maheswarappa et al, 1998).
Kasturibai ef al. (1991) reported that, lower light intensity reaching canopy of
intercrops due to interception by coconut canopy appears to be the limiting factor
for their growth and productivity. Studies revealed that natural resources i.e., soil,
water, air space and solar radiation are not fully utilized under the spacing
schedule 7.5 m x 7.5 m. Ghosh and bandopadhyay (2011) observed that multiple
cropping in coconut plantation under recommended package of practice of both
main crop and intercrop, had no adverse effect on production of coconut. Fruit
based cropping system with coconut, comprising of black pepper, pineapple was
found best under West Bengal condition. Manjunath ef al. (2002) reported that
mean transmission of PAR in 12 year old coconut plantation varied from 23.1 to
36.6 % of the open light depending on the period of year (season). Menon ef al
(2013) observed leafy plants like Boerhaavia diffusa, Cassia tora and
Alternanthera sessilis performed better in treeless open than coconut garden.
Boerhaavia diffusa, Cassia tora and Alternanthera sessilis yielded 44, 94 and 57
% more in open than in shaded conditions respectively. Kumar es al. (2005)
revealed that galangal yield was not affected by light interception levels by the
upperstorey canopy up to 82 % of the open. Shade-tolerant and rhizomatic MAPs



can be grown on a longer-term basis in widely spaced plantations. Intercropping
of medicinal plants in coconut (Cocos nucifera) stands is an age-old practice in
India and other parts of south- and south-east Asia. These palms allow 30 % to 50
% of incident light to the underneath, which is ideal for some MAPs, including
cardamom (Elettaria cardamomum).  Galangal (Kaempferia galanga) is
traditionally intercropped in mature coconut gardens in Kerala, India. Twelve
year old coconut trees did not adversely affect the growth and yields of a number
of medicinal species grown as intercrops compared to the yields in the open (Nair
et al, 1989).

2.6 HOMEGARDEN BASED INTERCROPPING SYSTEMS

The scope of definition of a homestead was widened by Nair and
Sreedharan (1986), who define it as an operational farm unit in which a number of
crops (including tree crops) are grown with livestock, poultry and/or fish
production mainly for the purpose of satisfying the farmer’s basic needs. Nair
(1993) observed that all homegardens consist of a herbaceous layer near the
ground, a tree in the upper layer, and intermediate layers with different crops.
The lower layer may be partitioned into two, with the bottom layer (of a height
less than 1 m) dominated by different vegetable and medicinal plants, and the
layer above it (1-3 m in height) composed of food plants such as cassava, banana,
yam, and so on. The upper layer of the home garden, again divided into two, may
comprise fully grown timber and fruit trees of 25 m height or more, and medium-
sized trees ranging from 10-20 m in height. The intermediate layer may hold fruit
trees of a height of 3—~10 m but which could potentially increase in height. This
layered structure also includes tuber crops such as taro, cassava, yam and/or sweet

potato, since these crops require less care and provide reasonable yields.
2.7 MEDICINAL PLANTS AS INTERCROPS

Many tropical medicinal and aromatic plants are well adapted to partial
shading, moist soil, high relative humidity and mild temperatures (Vyas and Nein
1999), allowing them to be intercropped with timber and fuel wood plantations,

fruit trees and plantation crops. Some well-known medicinal plants that have



been successfully intercropped with fuel wood trees (e.g., Acacia auriculiformis,
Albizia lebbeck, Eucalyptus tereticornis, Gmelina arborea, and Leucaeana
leucocephala) in India, include safed musli (Chlorophytum borivilianun),
rauvolfia (Rauvolfia serpentina), turmeric (Curcuma longa), wild turmeric (C.
aromatica), Curculigo orchioides, and ginger (Zingiber officinale) (Mishra and
Pandey 1998; Prajapati ef al., 2003). Only 10 out of 64 herbaceous medicinal
plants tried in intercropping with two-year old poplar (Populus deltoides) spaced
5 m apart gave poor performance (Kumar and Gupta 1991), indicating that many
medicinal plants can be grown in agroforestry systems. The trees may benefit
from the inputs and management given to the intercrops. Short stature and short
cycle MAPs and culinary herbs are particularly suited for short-term intercropping
during the juvenile phase of trees. Wherever markets are established, MAPs are
remunerative alternative intercrops to the traditionally grown annual crops
{(Maheswari et al., 1985; Zou and Sanford 1990). The number of years MAPs can
be intercropped with a given tree species depends on the size and intensity of its
canopy shade, tree spacing and management, especially pruning of branches and

nature of the MAPSs.

In Karnataka and Kerala states, India, arecanut palm is commonly
intercropped with ginger, turmeric, black pepper (Piper nigrum) and cardamom
(Korikanthimath and Hegde, 1994). Some of these intercrops may cause small
reduction in arecanut yields but the combined returns from both the components
are greater than from arecanut alone. Another plantation crop intercropped with
MAPs is rubber (Hevea brasiliensis), for example with Dioscorea floribunda in
the state of Assam in India (Singh et al., 1998) and with Amomum villosum in
Yunnan province of China (Zhou, 1993). In Sikkim, India, large cardamom
(Amomum subulatum) is grown under 30 different shade tree species (Patiram et

al., 1996). In Fujian Province, China, Cunninghamia lanceolata -an important
timber tree - is intercropped with a variety of cereals, cash and medicinal and oil-

producing crops (Chandler, 1994). Many of the medicinal herbs commonly

grown in thinned forests can also be grown intercropped with trees (Zhou, 1993).



10

In the Caribbean islands, there has been increased interest on alternative crops that
have better economic potential than traditional crops. For example, in the U.S.
Virgin Islands, a number of farmers are now opting for specialty crops such as the
West Indian hot peppers (Capsicum chinense), thyme (Thymus vulgaris) and
chives (4/lium schoenosprasum) instead of vegetables (Crossman et al., 1999).
The prospects of growing indigenous MAPs such as ‘japana’ (Eupatorium
triplinerve), worrywine (Stachytarpheta jamaicensis), inflammation bush
(Verbersina alata) and lemongrass (Cymbopogon citratus) in association with the
medicinal trees noni (Morinda citrifolia) and moringa have been explored at the
University of the Virgin Islands, St. Croix, (Palada and Williams, 2000). These
local herbs are commonly used as bush teas and very popular in the Caribbean.
Medicinal plants and herbs in intercropping produced similar yields to those in
sole cropping at the first harvest, but they tended to be lower than in sole cropping

at subsequent harvests.

2.8 GROWTH ATTRIBUTES OF RHIZOMATOUS SPICE CROPS AS
INTERCROP

Rhizomatous spice crops are known for their compatibility for
intercropping under various cropping system. This is primarily attributed to the
shade tolerance. Bavappa (1990), based on the trials conducted in India,
Philippines, Sri Lanka, Malaysia and West Samoa reported that, tuber crops,
rhizomatous spice and chilli are found to be more profitable crops under different
agroclimatic conditions in coconut plantation. Sujatha et al. (1994) recorded the
maximum number of leaves (27.75) in ginger cv. PGS-10 when grown as
intercrop with coconut. Also, Jayachandran ef al. (1992) observed significant
differences in the performance of turmeric grown under different shaded (25, 50
and 75 %) conditions. The turmeric grown under 50 per cent shade recorded
maximum plant height (44.30 cm) followed by 25 per cent (43.30 cm) and 75 per
cent shade (42.08 cm) whereas crop grown under open condition (full light)

recorded the lowest plant height (32.5 cm).
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Performance of rhizomatous spice crops, viz., ginger and turmeric was
investigated under rain fed condition as pure stands and as intercrop with five
years old poplars (Populus deltoids L.) under Solan (Himachal Pradesh)
conditions by Jaswal ef al. (1993). Significantly higher plant height, tiller per
plant, leaves per plant in ginger and leaf length and leaf breadth besides plant
height in turmeric when intercropped with poplar (Populus deltoids L.) indicating
the suitability of ginger and turmeric as intercrop in poplars based intercropping
systems. Both turmeric and ginger performed better as intercrop than as pure

stands.
2.8.1 Intercrop varietal difference

Varietal difference in intercrop performance has been reported from many
studies. Hegde (1998) recorded maximum number of leaves per clump (13.75) in
ginger variety Suprabha under arecanut based intercropping system when
compared to sole crop in open area (44.30). Latha et al. (1995) reported that,
plant height, number of leaves, leaf area index and fresh weight was higher in
turmeric cultivar under Leucaena. Further, they indicated the need for
standardising optimum light requirement for each cultivar for higher yield. Hegde
(1998) recorded the maximum plant height in ginger variety Suprabha (40.70 cm)
grown as intercrop with arecanut when compared to crop grown in open (25.70
cm). Bandyopadhyay er al. (2003) recorded maximum plant height (157.3 cm),
leaf production (11.4), leaf length (75.3 cm) and leaf breadth (19.1 cm) in
turmeric cv. Sugandhum when intercropped with young arecanut plantation
followed by ACC-360 and Roma. There was no adverse effect of turmeric on
growth of arecanut plant. Kumar (2005) reported higher plant height and number
of tillers was produced by turmeric (69.33 cm and 6.69 cm, respectively) under
intercropping compared to sole cropping (49.66 cm and 5.29, respectively).
Similarly, in ginger higher plant height and number of tillers (11.33) in tamarind
plantation compared to open area (26.50 cm height and 7.06 tillers). Significantly
higher plant height (43.66 cm) and number of tillers per clump (6.06) were

recorded by turmeric under intercropping compared to sole cropping (34.46 cm
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and 5.13 respectively) and in ginger higher plant height (47.10 cm) and number of
tillers per clump (9.06) under tamarind based intercropping situation compared to

open area (32.26 cm height and 7.46 tillers) as reported by Kumar (2005).
2.9 UNDERSTOREY LIGHT AND PLANT HEIGHT GROWTH

Solar radiation is the primary source of energy for plant growth and
development. The efficiency of crop growth depends on the ability to absorb and
utilize the PAR for various metabolic activities and its efficiency in portioning of
assimilates into the sink effectively. The above condition is influenced by the
surroundings in which the plant grows, besides the genetic makeup. The growth,
yield and quality of many crops are influenced by shade at various stages of
growth and development. Differential response of crops to varying light
intensities has been studied for various crops including rhizomatous and tuberous
crops. Plant height has been reported as a character responsive to shading. Many
workers have noticed a decidedly positive influence of shade on plant height.
Increase in height of shade grown plants was reported by Moss and Stinson
(1961) in corn. Under low light condition the height of the rice plants was
increased by 15 % (Venkateshwarlu e/ al., 1977). Ramanujam er al. (1984)
reported that plant height continued to increase in all the cultivars of cassava
grown under shade. Similar results were reported by Maheshwarappa ef al.
(2000) in arrow root. Minami et al. (1981) found that shaded tomato plants were
taller than control. However, an inverse trend in intercrop height with an inverse
shade level also has been reported by many. For instance, Palis and Bustrillos
(1976) in Sorghum observed reduction in plant height with shade similar
observation was made by Tarila ef al. (1977) in cowpea and George (1982) in red
gram and grain cowpea. Cooper (1966) noticed in tomato that the effect of shade
on plant height was positive, negative or neutral depending on the time of the year
and age of the plant. Shade had significant influence on the height of groundnut
as reported by George (1982); in vegetable cowpea by Krishnankutty (1983) and
capsicum by Yinghua and Jianzhen (1988) and Sreelathakumary (2000). The
general effect of shading on plants was studied by Ross (1976) and reported that



plants under shaded conditions exhibited increased growth of main axis. Allen
(1975) observed that soybean grown under 70 per cent shade grew much taller
than those in light. Crockston ef al. (1975) reported an increase in plant height in
beans with increase in shade intensities. Aclan and Quisumbing (1976) reported
that ginger plants grown under full sunlight were found to be shorter compared to
shaded plants. According to Kulasgaram and Kathirvetpillai (1980), height of tea
plant was greater under 60 per cent sunlight and was least under 10 per cent as
compared to 30 and 100 per cent. In Mentha piperita, plant height under 44 per
cent day light was significantly greater than under 100 or 14 per cent day light
(Virzo and Alfani, 1980). Bai and Nair (1982) observed positive influence of
shading on plant height in ginger, coleus and sweet potato. According to
Mullakoya (1982) maximum height was recorded under 50 per cent shade and the
minimum under full sunlight in guinea grass var. Mackuenii. Jung et al. (1994)
observed that main stem length of pepper increased significantly under shaded

conditions.

Effect of shading on black pepper yields has been observed in general. In
a study it was observed that the length of primary and secondary branches
increased with decrease in light intensity from 100 to 50 per cent (Devdas, 1997).
Senanayake and Kirthisinghe (1983) observed longer shoot length in black pepper
under 50 per cent light compared to 75 and 25 per cent light. Verghese (1989)
reported that in ginger plant height increased with increase in shade intensity from
zero to 75 per cent at 60 DAP only, after which plants grown at 25 per cent shade
had the highest plant height, whereas in turmeric, with increase in shade, plant
height increased up to medium shade of 50 per cent and then decreased. Increase
in plant height with increasing shade intensities in ginger were also reported by
Jayachandran et al. (1991), Ancy (1992), and Sreekala (1999). Pushpa Kumari
and Sasidharan (1992) noticed increased vine length with increase in shade
intensity in Dioscorea alata and Disocorea esculenta. Though no significant
difference was observed between shade levels with respect to plant height in
turmeric, taller plants were observed at 75 per cent shade in the initial stages and

50 per cent shade in the later stages (Sheela, 1992). Ginger plants grown as
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intercrop in arecanut plantation were significantly taller than those under open
conditions when measured 200 days after planting and had significantly lower
number of functional leaves and tillers per clump (Hedge ef al., 2000). Greater
shoot height was noticed in seven soybean cultivars sown under shade in a
coconut plantation (Babu and Nagarajan, 1993). In a field experiment to study
response of blackgram to shade by Lakshmamma and Rao (1996) using 0, 33 and

66 per cent shade, it was revealed that shading increased plant height.
2.10 EFFECT OF SHADE ON NUMBER OF LEAVES

Seedlings of Quercus floribunda at sunny microsites were superior in
terms of number of leaves (Negi ef al., 1996). The plants of Centella asiatica
produced a greater number of leaves under high light than under low light
(Wankher and Tripathi, 1990). Leaf production in plants has been found to
correspond to the light levels. Many reports suggest an increase in leaf production
corresponding to reduction in light level. According to Nair (1964), the
production as well as the retention of leaves will be more under the shade than in
the open, in peppermint. In ginger, Aclan and Quisumbing (1976) reported
reduced number of leaves per plant when grown under full sunlight. According to
Senanayake and Kirthisunghe (1983) maximum number of leaves in black pepper
under 50 per cent light compared to 75 and 25 per cent shade. Clove, seedlings
kept under shade produced more number of leaves than those exposed to the sun
according to Venkatakkraman and Govindappa (1987). Use of plastic tunnels
(protected cultivation) to protect tomato plants from cool weather and frost
damage increased transpiration rate, plant height, leaf area and number of leaves
(Abou-Hadid et al., 1988). In Enicistemma littorale, Sharma and Peshin (1994)
reported that vegetative growth was enhanced in the shade compared with plants
grown in full sun. In arrowroot, number of leaves was higher under intercrop
compared to open crop (Maheshwarappa ef al. 2000). Contrary to these reports, a
reduction of leaf production has also been noticed with provision of shade. In
ginger, Babu (1993) observed maximum leaf production under 25 per cent shade

and found it significantly superior to other shade levels at 120 and 180 DAP.
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However, better leaf production has been observed for ginger at full sunlight. For
example, leaf production in ginger under open conditions was found to be

significantly superior compared to other shade levels (Laura et al., 1986).

2.11 EFFECT OF SHADE ON DRY MATTER PRODUCTION

Blackman and Wilson (1951) reported that the ability of plants to tolerate
shade depends on the efficiency of total DMP. Montith (1969) noticed that the
maximum amount of DMP by a crop was strongly correlated with the amount of
light intercepted by the foliage. In a study on the effect of shading on Cassava,
Qkoli and Wilson (1986) observed that stem and leaf dry weight increased with
decrease in degree of shade. Maheshwarappa ef al. (2000) reported a higher dry
matter in arrowroot grown under partial shade in coconut gardens compared to
open conditions. Bai (1981) reported that in ginger and turmeric maximum dry
weight were obtained from 25 and 50 % shade respectively. Similar results were
reported by Babu (1993) in ginger. Decline in DMP with increase in shade
intensities was also reported by Bai (1981) in sweet potato, Coleus and colocasia;

Verghese (1989) in turmeric and Patterson (1982) in showy crotalaria.
2.12 EFFECT OF SHADE ON YIELD AND YIELD ATTRIBUTES

Prameela (1990) noticed that colocasia gave maximum tuber yield under
25 per cent shade followed by a reduction in yield with further increase in shade
intensity. According to Nayar and Sadanandan (1991) the cassava var. Shri
visakham was found to be best under shaded conditions recording superior yield
attributes. In ginger Aclan and Queisumbing (1976) found that yield under full
sunlight was just as high as those obtained under 25 and 50 per cent light
attenuation. Bai (1981) observed that in ginger and turmeric maximum yield were
obtained under 25 per cent and 50 per cent shade levels respectively. Ravisankar
and Muthuswami (1988) observed that fresh ginger rhizome yield -increased when
ginger was grown as an intercrop in arecanut plantations. The screening of ginger
cultivars for shade tolerance at Vellanikkara revealed that most of the ginger
cultivars were shade loving and gave more yield and dry matter production under

25 per cent shade (Verghese 1989). Suma ef al. (1989) assessed the performance
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of 16 cultivars of banana as intercrops with coconut in non irrigated, partially
shaded conditions in which Booditha Bontha Batheesa and Kachikela gave the
highest yields (8925 and 8890 kg ha™ respectively). Contrary to these reports,
negative trends in yields were reported by many results. Reduction in grain yield
due to increasing shade was curvelinearly related to radiation such that smaller
reduction had little effect on yield at any developmental stage in wheat (Fisher,
1975). Increase in shade intensity decreased the number of tillers and spikes, dry
weight, fruiting efficiency, grain weight per plant and yield of grain and straw in
wheat (Moursi ef al., 1976).

Togari (1950) reported that cambial activity and tuberisation were
suppressed in sweet potato tubers under shade. A considerable delay in tuber
initiation due to shade was reported in tapioca (Ramanujam e al, 1984). A
decreasing trend in yield with decreasing light was noticed in colocasia. The
effects of shading and mulching on the yield of potato was studied by Asandhi
and Suryadi (1982) and reported that shading has no beneficial effect on potato
growth and reduced dry matter production and tuber yield. Mathai and Sasthry
(1988) reported that pruning the support trees of pepper produced more number of
laterals and spikes consequent to increasing light. Samad (1953) reported no
significant response to fertilizer application in ginger grown in Malabar region

though there was no increase in yield with 60 kg N ha™.
2.13 EFFECT OF SHADE ON PRODUCT QUALITY

Light regimes received by plant determine the productivity and quality of
its produce. Positive effects of shading on oil content in plants have been
reported. Shade has been reported to influence oil content in crop plants. Ohasi
(1962) noticed changes in the content of essential oils with differences in
temperature at different stages of development in Japanese mint. Plants
synthesize organic compounds during their metabolic processes when they grow.
The nature and amount of these chemical substances vary according to the
agroclimatic conditions and growth stage of the plant (Chopra et al., 1958).
Gupta (1964) carried out studies in this respect and reported that the shade dry
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herb contains 4 per cent (w/w) of oil against 3 per cent in the sun dry hay in
Japanese mint. Ginger cultivar, Rio de Janerio grown as an intercrop in a six year
old arecanut plantation recorded highest volatile oil and non-volatile ether extract
(NVEE) contents followed by those grown in two year old plantations compared
to those grown in the open as a pure crop (Ravisankar and Muthuswamy, 1988).
Joseph and Jayachandran (1993) recorded the highest rhizome volatile oil content
(2.19 % on dry weight basis) in ginger under 25 per cent shade and higher non-
volatile ether extract (NVEE) content under 25 or 50 per cent shade than under
open. Babu (1993) found that in ginger, volatile oil content showed an increasing
trend with increasing levels of shade. Lowest contents of volatile oil were in 25
per cent shade, which was on par with open. Shading has also been reported to
have an adverse effect with respect to oil contents in plants. Graded shade levels
of 20, 47, 63, 80 and 93 per cent were found to have little effect on quality
parameters of soybean viz. oil and protein content of seeds except at 93 per cent
shade where the protein content was the highest and oil content was the lowest
(Wahua and Miller, 1978). Ginger showed a steady decrease in the oleoresin
content up to 50 per cent level of shade (Verghese, 1989). Ancy Joseph (1992)
recorded the highest volatile oil content under 25 per cent shade followed by that
under 50 shade.

2.14 EFFECT OF SHADE ON CHLOROPHYLL CONTENT

Geetha (2004) reported that chlorophyll a, b and total contents decreased
with increase in shade levels. Chlorophyll content has been found to either
increase or decrease in response to shading in most plants. Most scientists have
quoted positive effect of shading on chlorophyll content in plants. Gardener ef al.
(1952) and Bjorkman and Holmgren (1963) observed that the concentration of
chlorophyll per unit area weight of leaf increased with decreasing light intensities
until the intensity was so low that it hazarded the survival of plants. An increase
in chlorophyll content with increase in shade levels was reported by Okali and
Owasu (1975) in cocoa. Shade plants usually have higher chlorophyll content
than the sun plants (Copper and Qualls, 1967; Bjorkman, 1968). An increase in
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chlorophyll content with increase in shade levels were reported by Frydrych
(1970) in bean. Similar trend was noticed in crops like black gram, groundnut, red
gram (George, 1982) and groundnut (Singh, 1994). Misra ef al. (1968) reported
increased chlorophyll content in leaves of shaded bougainvillaea plants. Increase
in chlorophyll content with increasing shade levels was reported in cotton (Bhatt
and Ramanujan, 1975), pepper (Vijayakumar e al., 1985). In the case of fruit
crops also studies revealed that there was an increase in chlorophyll content with
increase in shade intensities as reported by Radha (1979) in pineapple.
Ravisankar and Muthuswamy (1988) observed higher content of total chlorophyll
and its components in ginger in two-year and six-year old arecanut plantations
compared to those grown in pure stand in the open. Sreekala (1999) reported that
in ginger there is a general increasing trend in chlorophyll content with increasing
shade levels. Summary report of ICAR Ad-hoc scheme on shade studies of
coconut based intercropping situation conducted from 1988 to 1991 at
Vellanikkara indicated an increase in chlorophyll of turmeric due to shading
(KAU, 1992). Total chlorophyll and its components increased steadily with
increased levels of shade in turmeric at 135 DAP (Sheela, 1992). Contrary to
these reports, some scientists have noticed a negative effect of shading on

chlorophyll content in some crops.
2.15 AVAILABILITY OF PHOTOSYNTHETICALLY ACTIVE RADIATION

Understorey productivity is generally a function of the photosynthetically
active radiation (PAR) which varies considerably among the tree species (Hazra
and Tripathy, 1986; Yirdaw and Luukkanen, 2004). The amount of solar radiation
received in the sub-canopy is however, variable and mostly dependent on stand
density, canopy structure, row orientation, leaf area index, site, latitude, season,
spectral quality of incoming light (Jackson er al., 1989; Baldochhi and Collineau,
1994). In addition to the reduction in the quantity of PAR beneath a forest
canopy, changes in spectral quality, with a shift of red to far-red wavelength
(Whitmore, 1998) is frequent, presumably because the canopy absorbs

wavelengths more in the 400-700 nm band width than in the near infra-red (700-
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1000 nm) range (Pons, 1992). Compact, candle-flame shaped tree crowns and
sparse crowns with low leaf area facilitate light infiltration and hence favour
understorey production (Mathew er al., 1992). However, inter specific variation
in canopy structure and consequent changes in PAR have been observed. For
instance, Kumar ef al.,(2001) in a silvopastoral experiment involving four MPTs
and grass species, observed strong inter specific differences in understorey
photosynthetic photon flux density (PPFD) with Acacia auriculiforrmis
intercepting much of the incoming solar radiation while Ailanthus triphysa
intercepted the least. The characteristic crown architecture and tree foliage
attributes explained the differences in PPFD levels. Kumar (2004) recorded
higher PAR interception by turmeric (25225 Lux and 38787 Lux) under
intercropping and sole cropping situations, respectively. Interception of PAR by
crop canopy was lower in intercropping situation in all seasonal crops throughout

the period of observation compared to open situation.

Performance of ginger under agroforestry systems was studied in
Bangladesh by Amin ef al.{2010). The ginger was grown under three agroforestry
systems viz. under Psidium guava trees with 70 % shade, below Albizia
odoratissima trees providing 60 % shade and underneath Mango trees having 50
% shade and open field. They reported that ginger-mango intercropping having
50 % shade recorded maximum rhizome yield of ginger (12.42 ton ha™) compared
to ginger-guava system (5.07 ton ha™). The effect of canopy management on the
intercrop production was monitored by Thakur and Singh (2002) in Morus alba
based agrisilvicultural system at Solan, India. The growth performance of the
crops Phaseolus mugo and Pisum sativum) invariably were highest in the treeless
control followed by plants under least shade (75 % crown removal). However,
the positive crop response to reduced light availability has also been reported
earlier which include higher cocoa yield (415 g wet beans tree) in combination
with papaya (Tan et al., 1991), increase banana from intercropped immature
rubber plantations from Srilanka (Rodrigo er al, 2001). Also, Sankar and
Mathuswamy (1986) reported higher ginger yield when intercropped in a 6-year-

old areca nut plantation at light intensity of 15.3 kilo lux. In brief, understorey



productivity is dependent on the shade tolerance of the crop species and shade
intensity (Rao et al., 1998). Jackson ef al., (1989) studied the light requirements
of trees and crops in agroforestry and identifies four main crop-tree light
responses which include, type A: yields as a linear function of light intensity, type
B: yield increases linearly with light intensity up to a certain leve] and then
decreases, type C: economic yield is only produced at high levels of irradiance
and the crop or tree cannot effectively use low intensity light and in type D:
exposure to high light levels is harmful and some degree of shade is needed. They
further stressed the need for devising management strategies like shading pattern

for crop-tree productivity optimization under these categories.
2.15.1 Physiology of PAR

The growth and development of plants are influenced by solar radiation as
light energy is the main input of the photosynthetic process in green plants
(Noggle and Fritz, 1979). In comparison with un shaded grape vines at flowering
and venation, the leaves of shade grown vines (6 % and 30 % sunlight) showed
significantly lower values of saturated rate of net photosynthesis (Pns,) and dark
respiration (Rd), and lower light compensation (PAR) and light saturation points
(PARg,) whereas the apparent quantum yield of CO, assimilation was
significantly higher. The growth habit of shade grown vines also changed to a
more open canopy, which increased the PAR trapping efficiency (Cartechini and
Palliotti, 1995).  In Norway Spruce (Picea abies), at the saturating
photosynthetically active flux density (PPFD), the maximum rate of CO uptake
of exposed shoots (E-shoots) was 1.7 times that of the shaded shoots (S-shoots).
The apparent quantum yields of E-shoots was 0.9 times that of the S-shoots. A
lower ability to use excess energy at high PPFD in photosynthesis was observed
in the S-layer. The CO, and PPFD saturated rate of CO, uptake of the E-shoots
was 112 times and carboxylation efficiency (t) 1.6 times that of the S-shoot. In
addition to the irradiation conditions in shade needles was due to carboxylation.
This limitation of photosynthesis in shade needles was due to carboxylation. This

limitation of pohotosynthesis was accompanied by lower stomatal conductance



(Sprtova and Marek, 1999). An experiment conducted in Pune, Maharashtra,
India to study the reflected photosynthetically active radiation (RPAR) under
sorghum-based intercropping system revealed that generally, RPARs values were
the highest during the initial stages of crop growth due to less leaf area index
(LAI). Generally, RPAR increased with the increase in crop age up to 42 days
after sowing (DAS) due to the increase in leaf area and LAI. RPAR values
increased significantly in sole sorghum and pigeon pea than in groundnut 112
DAS. This was due to the dense canopy and small size of groundnut leaves

(Singh et al. 2002).
2.16 UPTAKE OF NUTRIENTS

Kraybill (1922) recorded higher content of moisture and nitrogen in shade
leaves of Apple. In cocoa leaf nitrogen and phosphorus contents were found to be
influenced by shading. Shading increased leaf N whereas it decrease leaf P
(Maliphant, 1959). The K content of some grass species when grown under 85 to
90 per cent shade was nearly double than those in full day light (Myhr and Saebo,
1969). Gopinathan (1981) observed higher percentage of N, P and K in cocoa
seedling grown under direct seedlings than under shaded conditions. However
between the plants exposed to different shade intensities, the nutrient content
showed no significant differences. According to Bai (1981) contents of N, P and
K in all plant components of coleus, ginger and turmeric increased with increasing
shade intensities. In turmeric uptake of all the nutrients were found to decrease
with shade except potassium, where uptake was maximum at 50 % shade. In
ginger uptake of N and K increased from 0 to 20 per cent shade and then showed
a progressive decrease. However the uptake of P decreased with increase in shade
intensities. In galangal the yield, yield attributes and uptake of N, P and K

showed a significant increase with increasing shade intensities (Geetha, 2004).
2.17 SOIL CARBON SEQUESTRATION

The term “soil C sequestration” implies net removal of atmospheric CO, by
plants and its storage as soil organic matter. Processes of Soil organic carbon

sequestration include humification, aggregation, deep incorporation of C in the



subsoil, and calcification. Soil plays a major role in global C sequestration (Lal,
2002) and has a higher capacity to store C compared to vegetation and atmosphere
(Bellamy et al., 2005). The soil C pool is 2300 Pg, which is 3 times the size of
the atmospheric (770 Pg) and 3.8 times the size of biotic pool (610 Pg; Lal, 2004).
The soil carbon sequestration in an agro ecosystem depends on large number of
location and system-specific factors such as climate, soil type, vegetation, and

management practices (Saha et al., 2010).

Depth wise distribution of soil carbon varies in different land use system.
Recent research has reported higher soil C stock under deeper soil profiles in tree
based agroforestry systems compared to treeless agricultural or pasture systems
under similar ecological settings (Haile ef al., 2008; Nair ef al., 2009). Roots are
the sources of soil organic carbon in deeper soil depth, where they are better
protected. The deeper root development accumulates C at lower depths and the
soil at lower depths is better protected from the disturbances leading to longer

residence time.

Tree management practices like thinning, pruning and litter fall removal
also influence the extent of soil carbon storage in an agroforestry system. Study
conducted in 6.5 year old Acacia mangium with four planting density with or
without 50 % pruning level shows significant difference in soil organic carbon
production. The soil carbon stocks range from 24 to 35 Mg ha'and soil carbon
stock under denser stand is higher (2500 trees ha™) than the stand with wider
spacing. The importance of organic matter input from tree prunings and litterfall,
to help maintain or increase the soil organic carbon pool, has been demonstrated
by several studies in tropical and temperate agroforestry systems. Soil organic
carbon study conducted in a 21-year-old Grevillea robusta plantation found to be
77.45 Mg C ha™ within 1 m depth (Samritika, 2013). Similar study conducted in
a pepper based production system involving six MPTs revealed that soil organic
carbon content decreases with depth and the highest value recorded for Acacia
auriculiformis 71.39 Mg ha’', dilanthus triphysa recorded a value of 65.56 Mg
ha™ and lowest recorded for Grevillea robusta 61.26 Mg ha™ (Aneesh, 2014).
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MATERIALS AND METHODS

3.1 CLIMATE AND SOIL

The experimental site is located at Vellanikkara, Thrissur, Kerala.
Vellanikkara experiences a tropical warm humid climate with a mean annual
rainfall of 3062 mm, most of which is received during the South-West monsoon,
June to September. The mean maximum temperature ranged from 29.10° to
35.40° C in July - March. The mean minimum temperature varied from 22.19° to
24.83° C in December - May. The soil of the experimental site was a Typic
Plinthustult-Vellanikkara series midland laterite (Thomas ef «l., 1998). The
weather parameters of the study area during 2014 were collected from
Agrometeorological Observatory in the Kerala Agricultural University (KAU)

campus and is given in Appendix I.
3.2 LOCATION

The study sites included two land management systems at Vellanikkara,
Thrissur viz. coconut plantation and homegarden. All the study sites were
identified at similar agroclimatic and edaphic locations. The mature coconut
plantation and control plot were located in the Kerala Agricultural University
(KAU) main campus, Vellanikkara, Thrissur and the homegarden selected was
located at Pandiparambu, Thrissur adjoining the KAU. The 20-year-old coconut
(var.Lakshaganga) was planted at standard spacing of 7.5 m x 7.5 m. The
plantation has been managed under recommend practices (KAU, 2011). The
average coconut yield is 62 nuts/year. Soil is predominantly lateritic with
moderate fertility. The selected homegarden was a typical multi-tier system
owned by a progressive farmer Mr. K.A. Kuttan at Pandiparambu, Thrissur, which
is close by the KAU main campus. This constitutes a typical medium sized
traditional homegarden with multi-storied structural characteristics and extends
over an area of 2.5 ha. The dominant arboreal components in the homegarden

include coconut, arecanut, nutmeg, gliricidia, cinnamon, clove, citrus, sapota,



guava along with perennial climbers such as black pepper, betel erc. The

understorey is less intensive and by and large underutilized.

3.3 INTERCROPPING OF HERBACEOUS PLANTS

The understorey crops selected for the study include ginger (Zingiber
officinale R. var. Aswathi), turmeric (Curcuma longa var. Sona) and galangal
(Kaempferia galanga var. Thodupuzha local). Randomized Block Design with
three replications was followed for the intercropping experiment. The intercrops
were grown in beds of size 5 m x 1 m x 0.3 m in the selected land management
systems based on the available planting spacing under land use systems. The beds
will be established in the coconut garden in such a way that two parallel rows
beds of size 5 m” will be occupying in between the planted rows of coconut palms
taking care to maintain a crop free zone at 2 m radius from the coconut palms.
Staggered beds were taken in homegarden because of lack of continuous space.
In addition an absolute treeless control was established where the crops were
raised in open contiguous plots. The intercrops were planted at 25 cm x 25 cm

spacing following recommended package of practices (KAU, 2011).
3.3.1 Lay out and preparation of land

The experimental plots were cleared during April-May and the weeds,
stubbles and roots etc. were burnt in situ. Land was prepared by ploughing with a
tractor thoroughly to bring the soil to fine tilt. Beds of size 5 m x 1 m x 0.3 m
were prepared with an inter-space of 50 cm in between beds. The beds were
established in such a way that two parallel row beds, each of size 5m x 1m were
established in between the planted rows of coconut taking care to maintain a

convenient crop free zone of 2 m”.
3.3.2 Planting material and Pre-treatment

Rhizomes were used for planting. Seed rhizomes were carefully handled
to avoid damage to buds. The selected rhizomes were soaked for 30 minutes in a
solution of mancozeb to give terminal concentration of 0.3 per cent. The treated

rhizomes were dried in shade by spreading on the floor.
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Plate 2. Locations of the various landuse systems selected for the experiment
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3.3.3 Season and method of planting

The intercrops were planted during the month of June. Rhizome bits of 15
g weight were planted in small pits at a spacing of 25 cm x 25 cm at a depth of 4-5

cm with at least one viable healthy bud facing upwards.
3.3.4 Manuring

Manures and fertilizers were applied at the following rates: FYM @ 30 t
ha”and N:P,0s5:K,0 @ 75:50:50: kg/ha/year. Full dose of P,Os and 50 per cent
of K>O was applied as basal dose. Half the quantity of N was applied 60 days
after planting. The remaining quantity of N and K,O was applied 120 days after
planting.

3.3.5 Mulching and weeding

Immediately after planting, the beds were mulched thickly with green
leaves preferably Macaranga peltata @ 15 t ha"'. Mulching with green leaves
was repeated twice first 44-60 days and second 90-120 days after planting.
Weeds were removed by hand weeding before each mulching and repeated

according to weed growth.
3.3.6 Plant Protection

The incidence of shoot borer and rhizome rot were observed in ginger in
the early stages of growth. Shoot borer was controlled by spraying Quinalphos
(Ekalux) 2 ml per liter and the rhizome rot was controlled by drenching the beds
with Mancozeb (Indophil M- 45) @3 g per litre. To prevent the attack of Wild

Boar and Porcupine, all the plots were tightly fenced.
3.4 BIOMETRIC OBSERVATIONS

The growth performance of the intercrops was monitored by taking
biometric observations at regular intervals ‘of 90 and 150 days after planting
(DAP). Eight plants in randomly placed quadrats (50 cm x 50 cm) in each bed
was sampled for growth observation. The ginger, turmeric and galangal grown in
all the experimental sites were destructively sampled at 90, 150 and 230 days after

planting (DAP). All plants in the quadrat were then uprooted carefully. After
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cleaning, the aboveground and belowground portions were separated and their
fresh weight recorded. The samples were then oven dried at 70° C until constant
weight was achieved. The dry matter production and final rhizome yield (230

DAP) for ginger, turmeric and galangal was determined.
3.4.1 Growth and yield attributes of intercrop
3.4.1.1 Plant height

The height of the plants (ginger and turmeric) was measured at 90, 150
and 230 days after planting from the base of the main pseudo stem to the tip of the

top most leaf and was expressed in cm.
3.4.1.2 Pseudostem length

Pseudostem height (ginger and turmeric) was determined by measuring

length from the base of the plant to the point where first leaves emerged.
3.4.1.3 Leaf spread

In case of galangal leaf spread was recorded by measuring the distance

between the farthest leaves in opposite directions.
3.4.1.4 Number of tillers

Number of tillers was determined by counting the number of aerial shoots

arising around a single plant.
3.4.1.5 Number of leaves per tiller

Number of leaves per tiller was determined by counting the number of

leaves of all the tillers.
3.4.1.6 Root length

The plants were uprooted at 90", 150™ and 230™ days after planting and

maximum length of roots was measured and expressed in cm.

3.4.1.7 Aboveground biomass

The shoot portions corresponding to each plant in the quadrat were

separated and fresh weight recorded. The shoot samples were oven dried at 70° C
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for constant weights. The aboveground yield was recorded at 90, 150 and 230

DAP and expressed as g plant™.
3.4.1.8 Belowground yield

The belowground yield was assessed for the selected medicinal crops at
90" 150" and 230" DAP. The fresh rhizomes were washed, all roots from the
rhizome were removed and rhizome weight of observational plants from each

treatment was determined. The weight was expressed in g plant™.
3.4.1.9 Final rhizome yield

The understorey ginger, turmeric and galangal (230 DAP) were harvested
(left out crop after sampling) from each experimental plot. The rhizomes were
separated from the plant portions and soil clods were detached from the rhizome.
After cleaning, the rhizomes were weighed in kg per plot and converted to Mg

ha” from each experimental site.
3.4.1.10 Dry matter production (DMP)

Leaves, petioles, pseudostem, rhizome and roots of the uprooted plants
were separated and dried to a constant weight at 70°C in a hot air oven until

constant weight and expressed in Mg ha™.
3.5 PHYTOCHEMICAL ANALYSES

In order to estimate the nutrient accumulation in the aboveground and
belowground biomass, triplicate samples were analyzed for N, P and K. Three
sub samples were drawn from the composite samples of aboveground and
belowground components for phytochemical analysis. Nitrogen and phosphorus
were analyzed using continuous flow analyzer (SKALAR) method and potassium

by flame photometry (Jackson, 1958).

3.5.1 Estimation of nitrogen
Total nitrogen content in plant samples was determined by continuous
flow analyzer (SKALAR) method.  The automated procedure for the

determination of ammonia / total nitrogen is based on the modified Berthelot
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reaction: after dialysis against a buffer solution of pH 5.2, the ammonia in the
sample is chlorinated to monochloramine which react with salicylate to 5
aminosalicylate. After oxidation and oxidative coupling a green coloured complex
is formed. The absorption of the formed complex is measured at 660 nm. The
various reagents used include potassium sodium tartrate solution, sodium
salicylate solution, sodium nitroprusside solution, sodium dichloroisocyanurate

solution, rinsing liquid sampler, distilled water + Brij 35.
3.3.1.2 Sulphuric acid and Se powder mixture

One litre of conc. H,SO4 was carefully and slowly poured into a two litre
beaker. Se (3.5 g) powder was then dissolved into the H,SO, by heating the
beaker for 4 to 5 hours at 300°C. The black colour of the solution slowly changed

to deep blue colour and then light yellow. The solution was then cooled.
3.5.1.3 Digestion mixture

Salicylic acid (10.8 g) was weighed and added to 150 ml of H,SO,4 and Se

mixture already prepared.
Procedure

Plant sample of weight 0.2 g composed of leaves, stem wood, branches
and twigs was weighed in the digestion tube. 2.5 ml of the digestion mixture was
poured into the digestion tube. The tube was then swirled well and allowed to
stand for 2 hours or overnight. It was then inserted into the digestion block and
heated at 100°C for 2 hours. After cooling the tubes were removed from the block
and 1 ml] of 30 % H,O, was added. After the reaction ceased, they were again
placed in the digestion block and heated at 330°C for 2 hours. When the digest
turned colourless, the digestion was completed. The digest was made up to 75 ml

in a standard flask. The nitrogen content of the plant sample was then analyzed
using SKALAR.

3.5.2 Estimation of Phosphorous

One gram of the plant sample was weighed and digested with diacid

mixture (HNO3; and HCIO4 in 9:4 ratio) in a digestion chamber until the solution



became colorless. After that the digest was made up to 50 ml. About 5ml of the
liquid was used to determine the phosphorous content using SKALAR method
using reagents. The various reagents used include sulphuric acid solution,
distilled water + FFD6, ammonium heptamolybdate solution, ascorbic acid
solution, distilled water + FFD6 (required for predilution) and rinsing liquid

solution.

The automated procedure for the determination of phosphate/total
phosphate is based on the following reaction; after dialysis against distilled water,
ammonium heptamolybdate and potassium antimony (III) oxide tartarate react in
an acidic medium with diluted solutions of phosphate to form an antimony-
phospho-molybdate complex. This complex is reduced to an intensely blue-

colored complex by L (+) ascorbic acid. This complex is measured at 880 nm.
3.5.3 Estimation of potassium

The potassium content was estimated in a known liquid of diacid extract

using a flame photometer (Jackson, 1958).
3.6 SOIL ANALYSIS
3.6.1 Physico-chemical properties of soil under various land use systems

The soil in the respective experimental site were sampled for physico-
chemical properties prior to the experiment and at regular intervals (150 DAP and
230 DAP). The air dried soil samples were ground to pass through a 2 mm sieve.
For pH estimation 1: 2.5 ratio of soil: water suspension was prepared. The pH
was measured using pH meter (Jackson, 1958). The total nitrogen content of soil
was determined by Kjeldahl digestion and distillation method (Jackson, 1973).
The available phosphorus was extracted by Bray No. 1 and estimated by reduced
molybdate blue color method (Watanabe and Olsen, 1965). The exchangeable
potassium content of soil was deteﬁnined by neutral normal ammonium acetate

extract using flame photometer (Jackson, 1958).



3.6.2. Total nitrogen

Total nitrogen under each treatment at different soil depths was determined by

Kjeldahl digestion and distillation method (Jackson, 1973).
3.6.3. Available phosphorus

Auvailable phosphorus in the soil samples were extracted using Bray No.1
reagent and estimated colorimetrically by reduced molybdate Ascorbic acid blue

color method (Watanabe and Olsen, 1965) using spectrophotometer.
3.6.4. Available potassium

Available potassium in the soil samples were extracted using neutral
normal ammonium acetate and its content in the extract was estimated by flame

photometry (Jackson, 1958).
3.6.5 Soil C- sequestration

Soil samples for bulk density measurement were done using specially
designed steel cylinder (Jackson, 1958). Bulk density was estimated by taking out
a core of undistributed soil by using steel cylinder. The core was taken out
without pressing the cylinder too hard on soil so that the natural bulk density of
soil is disturbed. The soil samples were oven dried and weight was determined.
The volume of soil was calculated by measuring the volume of cylinder (x r*h).
The bulk density was calculated by dividing the oven dry weight of soil samples
(g) by volume of soil. Soil samples collected at different soil depth were air dried
and passed through 2 mm sieve and stored in polyethylene containers. For
estimating the soil C stock under experimental sites, triplicate soil samples were
collected from five soil depths. The soil were stored in plastic zip lock bags,
sealed for transport and re-opened within Organic carbon of the soil was estimated
by wet digestion method. Soil mass for each soil depth were computed from the
corresponding bulk density and soil C-sequestration were calculated for each soil
depth by multiplying soil mass with soil organic C-concentration (%). Also,
representative triplicate soil samples were collected from contiguous treeless plots

as control.



3.7 OLEORESIN CONTENT

The method adopted for oleoresin estimation was soxhlet extraction
method (Meadows et al., 2005). Five gram of finely powdered rhizome sample
was covered in a filter paper and packed with Whatman No.1 filter paper. This
was distilled in a soxhlet apparatus with 250 ml acetone as a solvent for six hours.
The extract was then transferred to a 250 ml flask and acetone evaporated. The

difference in weight of flask recorded for estimating oleoresin content.

Wz-Wl x 100
S

Percent of oleoresin =

Where,
W= weight of empty flask (g)
W, = weight of flask with extractives (g)
S = weight of sample (g)

3.8 TOTAL CHLOROPHYLL CONTENT

The total chlorophyll content of the leaf samples was estimated using the
method described by Arnon (1949). Leaf sample weighing 250 mg is macerated
with 10 ml of 80 per cent acetone using a pestle and mortar and the extract is
centrifuged at 3000 rpm for 10 minutes. The supernatant solution was transferred
into a 25 ml volumetric flask and made up to 25 ml using acetone. Then the color
intensity of the green pigment was read at 645 nm and 663 nm for chlorophyll a

and chlorophyll b content respectively.

Calculations were made using the formula below:
Total Chlorophyll = [(8.022 x Absorbance at 663) + (20.2 x Absorbance at 645)]
x V/1000W mg g’

Where,

V - Total volume of the chlorophyll solution (25 ml)
W - Weight of the tissue extracts (0.25 g)

The chlorophyll content of the leaf sample is expressed as mg g™ of fresh leaf



Plate 4. Line quantum sensor established in the homegarden

Plate 5. Soxhlet apparatus for oleoresin estimation



Plate 6. Ginger grown in coconut garden

Plate 7. Turmeric grown in homegarden

Plate 8. Mature medicinal plants grown in open (control)



Plate 9. Medicinal plants arranged in the lab for taking biometric observations
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3.9 UNDERSTOREY PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR)

Diurnal PAR measurement was carried out using Line Quantum Indicator
(LQI 2404, K131). A battery powered data logger integrated the mean PAR at
hourly intervals from 8 a.m. to 5 p.m. within each plot. PAR above the canopy of
each plot was simultaneously recorded by the instrument from contiguous open
area. PAR was then converted to canopy transmittance (in per cent) which is the

ratio of light below the canopy to light incidence on the top of the canopy.
3.10 STAND LEAF AREA INDEX (LAI)

Leaf area index is the ratio of total upper leaf surface of vegetation divided
by the surface area of the land on which the vegetation grows. This is used to
predict understorey crop growth, photosynthetic primary production and evapo-
transpiration. The LAI of each plot was estimated using Plant Canopy Analyzer
(LAI 2000, LI-COR Inc., and Lincoln, Nebraska, USA). The instrument can
measure the LAI of plant canopies indirectly from measurement of radiation
above and below the canopy based on relationship between leaf area and canopy
transmittance (Stenberg ef al., 1994). LAI was measured at periodic intervals for
coconut and homegarden. Care was taken to ensure that the unit was facing the
same direction both outside and inside the stand. A view restrictor of 90°
prevented direct sunlight from reaching the sensor and occluded the measuring

person from the view.
3.11 STATISTICAL ANALYSIS OF DATA

Biometric, biochemical, phyto-chemical and soil physico-chemical
parameters were analysed following one-way ANOVA using SPSS version 20.
Regression models were developed linking rhizome biomass and understorey PAR
for all the three intercrops using various allometric models (SPSS version 20).
Models were tested for ANOVA and those with higher r* values were selected for

comparisons.
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RESULTS

The one year long field study involved the evaluation of the performance
of selected medicinal herbs viz. ginger, turmeric and galangal under two dominant
land management systems in Kerala viz. mature coconut palm and homegarden.
Detailed investigations on the growth characteristics of the intercrop such as plant
height, root length, tiller production, number of leaves, aboveground and
belowground biomass production efc. were performed. Salient results of the

investigation are presented hereunder.
4.1 PLANT HEIGHT

Variation in plant height of ginger and turmeric when intercropped under

various selected cropping systems are presented in Table 1
4.1.1 Ginger

At 90 days after planting (DAP), ginger plant height was significantly
higher in homegarden (69.04 cm) followed by coconut (50.63 c¢m) and treeless
open (43.17 cm) which were on par. The increase in ginger plant height was 60
and 17 % respectively for homegarden and coconut compared to treeless open.
However, at 150 days after planting (DAP) ginger plant height was on par for
coconut (73.71 cm) and homegarden (71.54 cm). The ginger height growth was
consistently lower in the treeless control during both sampling periods.
Considerable variation has been observed in plant height for ginger during the two
sampling periods among land use systems. For instance about 45.39 % increase
in plant height was observed under coconut and in treeless open it was 37.43 %
while the increase was notably marginal in the homegarden at 150 DAP compared
with 90 DAP.

4.1.2 Turmeric

The plant growth trends were quite variable in the case of turmeric.
Across the different land use systems highest plant height for turmeric during both
the sampling periods was observed under coconut garden (98.13 cm at 90 DAP
and 112.04 cm at 150 DAP). At 150 DAP the turmeric height under coconut was
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on par with treeless open. During both sampling periods homegarden recorded
lowest height for turmeric (70 cm at 90 DAP and 75.38 cm at 150 DAP). In brief,
the height increment for turmeric under coconut was about 29 % at 90 DAP while
it reduced to 8.69 % at 150 DAP in comparison with tree less control plot. Across
the sampling periods, control plot resulted in 35.4 % increase in turmeric plant
height from 90 to 150 days whereas it was considerably lower for coconut (14.18

%) and homegarden (7.69 %).

Table 1. Plant height of ginger and turmeric in various land use systems at
Vellanikkara, Kerala

Plant height (cm)
Landuse type Ginger Turmeric
90 DAP | 150 DAP |90DAP | 150 DAP
Coconut 50.63° | 73.71° 08.13 112.04°
(3.36) (1.62) (1.47) (10.99)
Homegarden | 69.04° 71.54* 70° 75.38°

(3.93) (0.99) (2.31) (5.11)
Treelessopen | 43.17° | 59.33° 76.13° 103.08°
(1.19) (1.58) (8.54) (6.43)

F 18.929 29.595 8.156 8.820

p 0.003 0.001 0.019 0.016

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting

4.2 PSEUDOSTEM LENGTH

Variation in pseudostem length of ginger and turmeric during the two

sampling periods are presented in Table 2.
4.2.1 Ginger

Variable trends were observed in pseudostem length for ginger during
both sampling periods across the landuse systems. For instance, at 90 DAP
ginger pseudostem length was highest in homegarden (11.83 c¢cm) and lowest in

coconut (8.63 cm) while changes were marginal for treeless open. This amounts



to 15.87 % increase in homegarden and 15.48 % decrease in coconut compared to
control. Despite the weak statistical significance in ginger pseudostem length
among the various woody systems at 150 DAP, the pseudostem length were
better under tree crops as compared to treeless open. However, across the
sampling periods, there was almost 100 % increase in ginger pseudostem length
in coconut followed by tree less open (47.7 %) and the lowest by homegarden
(27.9 %).

4.2.2 Turmeric

The trends in pseudostem height were variable for turmeric as compared to
ginger. Turmeric showed distinctly higher pseudostem length in coconut (17.88
cm) as compared to homegarden (12.46 cm) during initial sampling period (90
DAP) while height in treeless open was 16.33 cm. This indicate that pseudostem
growth was about 9.5 % higher in coconut and 23 % lower in homegarden as
compared to the growth in treeless open. At final sampling, coconut recorded
higher pseudostem length though this change was not statistically significant. In
general over two periods of sampling (90 to 150 DAP) treeless open showed
60.26 % increment in pseudostem height whereas coconut and homegarden

exhibited 51.73 and 35.79 % increase respectively.
43 LEAF SPREAD
4.3.1 Galangal

Owing to the variable growth habit for the galangal, leaf spread was
measured for growth comparison among the landuse system. Leaf spread of
galangal in various land uses is presented in Table 3. Appreciable change in leaf
spread was not visible for galangal among different land management systems
during the various sampling periods. Initially leaf spread was observed maximum
in homegarden (28.51 cm) although during final sampling galangal under coconut
showed a modest increase (30.15 cm). In essence from 90 to 150 DAP coconut
grown galangal showed higher increment of leaf spread (28.19 %) followed by
treeless open (5.32 %) and lowest by homegarden (2.67 %).



Table 2. Pseudostem length of ginger and turmeric when intercropped under
various landuse systems at Vellanikkara, Kerala

Pseudostem length (cm)

Landuse type

Ginger Turmeric
90 DAP | 150 DAP | 90DAP [ 150 DAP
Coconut 8.63° 17.33 17.88% 27.13

(0.87) (1.04) (1.46) (5.11)
Homegarden | 11.83° 15.13 12.46° 16.92
(0.29) (0.82) (0.71) (0.97)

10.21% 15.08 16.33% 26.17
(0.15) (0.40) (1.45) (2.67)
9.002 2.610 5932 2792
p 0.016 0.153 0.044 0.139

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting

Treeless open

F

Table 3. Leaf spread of galangal under various landuse systems at Vellanikkara,
Kerala

Landuse type Galangal Leaf spread (cm)

90 DAP 150 DAP
Cocom 59 013
Homegarden ?‘08 '5551) (209 6257)
Treeless open (205.;2366) ? 46 '1741)
F 4.025 1.820
P 0.078 0.241

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting
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Figure 2. Pseudostem length of ginger and turmeric in various land use systems at
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4.4 ROOT LENGTH

Biometric observations of the intercrops were taken after destructive
sampling of plants. The data on root length of ginger, turmeric and galangal
during different growth stages as influenced by different landuse systems are

given in the Table 4.
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Figure 3. Leaf spread of galangal at various landuse systems at Vellanikkara,
Kerala

4.4.1 Ginger

The belowground growth trends for ginger were quite variable as
compared to the aboveground growth. Treeless open represented highest root
length (21.33 cm at 90 DAP and 21.67 cm at 150 DAP) while homegarden
showed lowest (14.29 cm at 90 DAP and 14.75 ecm at 150 DAP) for ginger
irrespective of time of observation. Ginger root length under coconut was higher
compared to homegarden during both observational periods, though the
differences were not significant. At 90 DAP, homegarden exhibited 33.01 %
reduction in ginger root length while under coconut it registered 4.88 % reduction
as compared to treeless open. Likewise at 150 DAP, ginger grown under coconut
and homegarden displayed 4.8 and 31.93 per cent reduction in root length in
contrast to control plot. Interestingly, the increment in ginger root growth across
sampling periods-was marginal.

4.4.2 Turmeric

Variation in root length was noticed for turmeric at 90 DAP with higher

root growth associated with treeless open condition closely followed by coconut



which were on par while lowest value was observed for homegarden grown
turmeric (8.96 cm). The reduction in turmeric root length in homegarden was
8.05 % as compared to treeless open. At 150 DAP, turmeric root length showed
marginal variation among cropping systems. It was better in control plot (18.33
cm) followed by coconut (18.29 cm) and homegarden (13.42 cm). Overall,
homegarden showed root length increment nearly 50 % during two month
sampling interval. Across growth period between 90 and 150 DAP an increase of

4.99 and 3.74 % was noticed in coconut and control plot respectively.
4.4.3 Galangal

Significant variation in root length has been observed for galangal during
both the sampling periods among selected land systems. At 90 DAP, root length
was higher in treeless open (18.75 cm) followed by coconut (14 cm) and least by
homegarden (12.88 cm). In both homegarden and coconut root length for
galangal was lower than treeless open by 31.31 and 25.33 % respectively. At 150
DAP galangal root (20.67 cm) growth under coconut improved considerably
higher than homegarden (12.93 c¢cm) which was on par with treeless open (19.38
cm). Galangal root growth during the two sampling periods suggest only
marginal increase except for coconut which registered about 47 % increase during
two month sampling interval (90 to 150 DAP).

Table 4. Root length of various medicinal herbs grown under different landuse
systems at Vellanikkara, Kerala

Root length (cm)
Landuse type Ginger Turmeric Galangal
90 DAP | 150 DAP | 90 DAP | 150 DAP | 90 DAP | 150 DAP
2029% | 20.63® 17.42° 18.29 14.00° 20.67°
. .
Coconu 230) | (131 | (036) (1.27) (2.01) (1.84)
14.29° 14.75 8.96° 13.42 12.88° 12.93°
H
omegarden | ;g (2.3) (1.01) (0.40) (0.33) (1.63)
21.33° 21.67% 17.67* 18.33 18.75°% 19.38"
Treel
TESESSOPEN | 1 49) | (1.34) (0.67) (0.40) (0.95) (2.95)
F 13827 | 5714 | 45956 | 2.033 5.756 7.023
b 0.025 0.039 0.000 0.212 0.040 0.018

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Figure 4. Root length of various medicinal herbs grown under different landuse
systems at Vellanikkara, Kerala

4.5 NUMBER OF TILLERS

Observations on tiller production in ginger, turmeric and galangal during
different growth stages as influenced by different landuse systems are given in the
Table 5.

Variation in tiller production during the initial sampling was found to be
non-significant across the different land uses. However, apparently higher
number of tillers was associated with treeless open (6.5) followed by homegarden
(4.96) and coconut (4.79). Nevertheless, number of tillers were significantly
higher for treeless open at 150 DAP (14) followed by coconut (9.88). Contrary to
the plant height growth trends, homegarden recorded lowest tiller production
(7.04) at 150 DAP. Despite the wide variability in tiller production among the
land use sysiem, the number of tillers for ginger almost doubled at 150 DAP

compared to 90 DAP for all the land use systems.

In general tiller production for turmeric was considerably lower compared

to ginger for all landuse regimes. Also the changes were marginal across the land
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use systems. Even though changes were not appreciable amongst cropping

systems, it appears that tiller growth was marginally higher for the treeless open

Tiller production for galangal during the two sampling periods did not
yield any predictable trend. It was however, better under homegarden (4.5)
compared to coconut and open which were on par at 90 DAP. The trends were
however variable at 150 DAP with higher tiller production from the open. At 150
DAP the number of tillers in homegarden and coconut was lower by 26.56 and
16.99 % compared to treeless open. An appreciable observation during the period
is the substantial increase in the tiller production during the successive sampling
periods (90 and 150 DAP). For instance, treeless open showed an increase in
number of tillers to the tune of 203.49 % followed by coconut (151.94 %) and
homegarden (72.22 %).

4.6 NUMBER OF LEAVES

The data on number of leaves in ginger, turmeric and galangal during
different growth stages as influenced by different landuse systems are given in the

Table 6.
4.6.1 Ginger

Ginger exhibited no significant variation in number of leaves at 90 DAP.
However, homegarden grown ginger performed better in terms of leaf number
(16.08) followed by coconut (15.46) and treeless open (13.08). Trends were
however variable at the final observation with highest number of leaves for ginger
from coconut (19.17) and least in treeless open (14.58) whereas homegarden
showed statistically similar value with coconut and treeless open. Moreover,
ginger in homegarden at final sampling showed a stabilization in leaf production

as observed by the marginal increase compared to the previous sampling (90
DAP)
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Table 5. Number of tillers of various medicinal herbs grown under different
landuse systems at Vellanikkara, Kerala

Number of tillers
Landuse type Ginger Turmeric Galangal
90 DAP | 150 DAP | 90DAP | 150 DAP | 90 DAP | 150 DAP
4,79 9.88" 1.46 1.38 2.58° 6.50
Coconut ©0.77) | (0.46) (0.18) (0.26) (0.04) (0.19)
496 | 7.04° 1.83 1.42 4.50° 5.75
Homegarden |~ "y | (135 (0.15) (0.22) (0.54) (1.51)
Treeless open | 6.50 14.00° 2.04 2.33 2.58" 7.83
(0.38) (0.50) (0.85) (0.44) (0.11) (2.61)
F
2.860 16.052 0.333 2.881 11.821 0.365
p
0.134 0.004 0.729 |0.133 0.008 0.709

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Figure 5. Number of tillers of various medicinal herbs grown under different
landuse systems at Vellanikkara, Kerala




4.6.2 Turmeric

Number of leaves per tiller for turmeric was almost uniform among all the
three landuse regimes during the initial sampling period. Turmeric in general
tends to retain or reduce leaf production at advanced stage of sampling. However,
leaf production was better under tree less open (8.29) during the second sampling

period (150 DAP) followed by coconut (6.63) and homegarden (5.63).
4.6.3 Galangal

Analysis of variance revealed significant difference in number of leaves
for galangal under different land use regimes during both the sampling periods.
At 90 DAP, leaf production under coconut and homegarden were on par.
Galangal leaf number was distinctly higher (4.5) in the open condition at 90 DAP,
while the trends were not predictable during the second sampling period (150
DAP). 1t appears that leaf production in galangal get stabilised much easier as
compared to ginger and turmeric. At 150 DAP, treeless open is on par with
coconut and homegarden in terms of leaf production.

Table 6. Number of leaves per tiller per plant of various medicinal herbs under
different landuse systems at Vellanikkara, Kerala

Number of leaves
Landuse type Ginger Turmeric Galangal
90 DAP 150 90 DAP | 150 DAP | 90 DAP | 150 DAP
DAP
Coconut 1546 | 19.17* | 7.67 6.63° 2.79° 2.29°

0.72) | (0.58) | (021) | (0.14) | (0.41) | (0.42)

Homegarden 16.08 | 1621® | 7.17 5.63° 2.58° 2.00°
(1.41) | (135 | (034) | (0.14) (0.15) | (0.00)

Treeless open 13.08 | 14.58° | 7.00 8.29 4.54° 2.25®
(0.61) | (030) | (0.38) | (0.37) 029) | (0.13)

F 2600 | 7.150 | 1202 | 30447 | 12572 | 5.300

p

0.154 0.026 0.364 0.001 0.007 0.049

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Figure 6. Number of leaves per tiller of various medicinal herbs grown under
different landuse systems at Vellanikkara, Kerala

4.7 FRESH ABOVEGROUND BIOMASS

Biometric observation on the intercrop performance was done at two
periodic intervals both for aboveground and belowground plant parts. The data
on fresh aboveground biomass per plant for ginger, turmeric and galangal
during different growth stages as influenced by different landuse systems are

given in the Table 7.
4.7.1 Ginger

Unlike the variable plant growth characteristics, the aboveground biomass
showed distinct trends for ginger. The aboveground biomass was consistently
higher for ginger for both the sampling periods. Especially visible trends were
discernible during the ‘second sampling. For instance, the mean per plant
aboveground fresh weight was distinctly higher for treeless open (163..93g)
followed by coconut and the least by homegarden. Observations indicate
considerable reduction in aboveground biomass in both the intercropping
scenarios. For e.g. the higher reduction in biomass was observed for homegarden
(75.85 %) compared to open grown ginger while the reduction was about 37 %

under coconut. Yet another observation is the many fold increase in ginger
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biomass both in coconut (219.13 %) and open (264.27 %) during the sampling

intervals.
4,7.2 Turmeric

Similar trends were discernible in aboveground biomass production for
turmeric across the intercropping regimes with consistent results during both the
sampling periods. Invariably the biomass production was higher in the treeless
open condition, 109.52 and 146.88 g per plant during 90 and 150 DAP
respectively. Among the landuse system, the turmeric showed consistently better
performance in the mature coconut plantation while reduction was observed under

homegarden.
4.7.3 Galangal

Coconut and homegarden grown galangal biomass were on par at 90 DAP.
The highest value was observed in treeless open with 62.28 g. During the final
observation at 150 DAP, there was no significant variation in fresh aboveground
biomass though, treeless open grown galangal recorded highest value. The
reduction in fresh aboveground biomass during 150 DAP has been observed

compared to 90 DAP probably due to the difference in moisture content.

Table 7. Fresh aboveground biomass per plant of various medicinal herbs under

different landuse systems at Vellanikkara, Kerala

Fresh aboveground biomass (g plant™)
Landuse type Ginger Turmeric Galangal
90 150 90 150 90 150

DAP DAP DAP DAP DAP DAP
Coconut 3220 | 102.76° | 107.29* | 88.02° | 35.95° 28.77

(3.70) | (12.55) | (8.11) | (13.07) | (7.77) (5.67)
Homegarden 32.54 | 39.56° | 41.86° 19.44° | 40.94° 18.26

(7.81) | (9.86) | (0.34) (4.07) (2.14) | (10.39)
Treeless open 45.01 | 163.93* | 109.52" | 146.88° | 62.28° 53.70

(4.53) | (11.56) | (10.44) | (8.00) 6.24) | (32.04)
F 1.304 | 33.389 [ 25346 | 48.537 5.652 2.758
3 0339 | 0.001 | 0.001 0.000 0.042 0.141

Values with same superscript do not differ significantly

Values in the parenthesis represent standard error of the mean

DAP — Days After Planting
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4.8 ABOVEGROUND DRY BIOMASS

The data on dry aboveground biomass per plant in ginger, turmeric and
galangal during different growth stages as influenced by different landuse s are

given in the Table 8.
4.8.1 Ginger

During the first sampling period (90 DAP), variation in aboveground dry
biomass in ginger was not significant (p=0.154) under various landuse systems,
However treeless open showed highest value (8.62 g) and least by coconut (4.45 g).
At 150 DAP, the dry aboveground biomass production were in tune with the fresh
weight trends with highest production attached to treeless open grown ginger
(21.25 g) followed by coconut (12.47 g) and lowest by homegarden (6.31 g).
Conspicuous reduction in above ground dry biomass observed was observed for
homegarden (70.31 %) as compared to treeless open while the reduction was
moderate under coconut (41.31 %). As against the fresh biomass reduction, the
increase in dry aboveground biomass production in the landuse systems were
marginal across the sampling intervals, implying the probable variation in plant

moisture content as the major reason for such observation.
4.8.2 Turmeric

Turmeric also displayed similar trends in dry aboveground biomass yield.
For e.g. treeless open grown turmeric showed higher dry aboveground biomass
(15.91 g) followed by coconut (14.15 g) which however were on par at 90 DAP.
The lowest dry aboveground biomass was observed in homegarden with value of
7.79 g per plant. At 150 DAP trecless open grown plants had significant higher
weight compared to coconut and homegarden. Overall homegarden registered

lower dry aboveground biomass throughout the study period.

4.8.2 Galangal

At 90 DAP, highest value (5.23 g) was attributed to treeless open grown
galangal followed by homegarden and coconut with on par values. During the

final observation there was no statistical difference among various land uses in



galangal dry aboveground weight, despite the marginal difference with maximum

in treeless open and minimum in the coconut plot.

Table 8. Aboveground dry biomass per plant of various medicinal herbs under
different landuse systems at Vellanikkara, Kerala

Aboveground dry biomass (g plant™)
Landuse type Ginger Turmeric Galangal
90 DAP | 150 DAP | 90 DAP | 150 DAP | 90 DAP | 150 DAP

Coconut 4.45 12.47° 14.15% | 13.15° | 2.63° 2.13

(0.58) (1.63) (0.94) (2.28) (0.55) (0.38)
Homegarden 4.92 6.31° 7.79° 6.14° 3.07° 2.81

(1.01) (1.37) (0.32) (0.58) 0.07) (0.73)
Treeless open 8.62 21.25° 1591* | 21.57° 5.23° 3.95

(2.16) (1.19) (1.93) (1.55) (0.65) (2.54)
F 2.597 28.460 20.350 22.486 7.926 0.929
p 0.154 0.001 0.002 0.002 0.021 0.445

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.9 FRESH BELOWGROUND BIOMASS

Belowground biomass production assures greater importance in intercrop
growth studies as they contribute to the economical yield. The data on fresh
belowground biomass per plant in ginger, turmeric and galangal during different

growth stages as influenced by different landuse systems are given in the Table 9.
4.9.1 Ginger

Available growth information suggests that there exist a consistent trend
for belowground fresh biomass yield in differently raised ginger plants. At 90
DAP, highest belowground fresh biomass was observed for control plot (104.81 g)
More

For

followed by coconut and homegarden which however were on par.

" consistent results were observed during the subsequent sampling periods.
instance, the open grown ginger yielded consistently higher fresh belowground
biomass during both the successive sampling periods with a production of 198 and
216 g plant” at 150 and 230 DAP respectively. As observed earlier ginger fresh

biomass yield was significantly higher under coconut during all the sampling dates
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(90, 150 and 230 DAP) as compared to modest production under homegarden.
Yield reduction basis was 48.21 %, 20.02 % and 23.42 % for coconut while same
was 52.65 %, 69.11 % and 63.68 % for homegarden compared to yield in the open
during the successive sampling periods (90, 150 and 230 DAP).

4.9.2 Turmeric

Belowground fresh biomass production for turmeric was by and large
comparable with ginger yields (Table 9). Consistent increase in belowground
biomass has been observed during all the sampling dates. Probably the increase in
biomass production is more during the first sampling interval (i.e., between 90
and 150 DAP) while the increase was modest during second sampling period for
all the three growth regimes. As observed earlier, turmeric belowground fresh
biomass yields were highest in the open condition with values ranging from 96 to
238 g plant” between first and third sampling. Among the intercropped plots
again, turmeric belowground yield under coconut was far higher than that from

homegarden.
4.9.3 Galangal

Generally, galangal showed better performance in fresh belowground
biomass in treeless open during all the sampling periods. At 90 DAP, coconut and
homegarden were on par while the highest fresh belowground biomass was
discernible in treeless open. At 230 DAP, treeless open galangal showed highest
fresh belowground biomass (116.15 g) followed by coconut and homegarden with
68.15 and 65.67 grams respectively. Despite the fluctuation in fresh belowground
biomass production across the sampling periods, homegarden showed fairly
higher yields at final sampling date which was on par with the galangal fresh yield

under coconut.
4.10 BELOWGROUND DRY BIOMASS

The data on dry belowground biomass per plant in ginger, turmeric and
galangal during different growth stages as influenced by different landuses are

given in the Table 10.



49

300 1 BCoconut OHomegarden O Treeless open
4 a !
« 250 -
- : ]
2
5 ~ 200 - 4 "
=% :
o 8 b a
= % 150 - a
%0,
Z 20 a W c
] 100 c
= a bb
% off 2
0 - i
90 ] 150 l 230 90 ‘ 150 230 90 l 150 i 230
Ginger Turmeric Galangal
Days after planting

Figure 7. Fresh belowground biomass per plant of various medicinal herbs under
different landuse systems at Vellanikkara, Kerala

4.10.1 Ginger

Dry belowground yields during the 3 sampling periods showed significant
difference among the landuse systems. In brief ginger production was lower in
homegarden during all the growth stages. At 90 DAP, significantly higher
belowground dry biomass production per plant was observed in control plot (8.95
g) compared to coconut (4.72 g) and homegarden (4.24 g) which however were on
par. The trends were more consistent during the subsequent sampling dates. For
instance, at 150 DAP, treeless open recorded highest biomass of 18.86 g followed
by coconut and lowest by homegarden. At 230 DAP, again the highest dry
belowground biomass was observed in treeless open (21.62 g) followed by
coconut (17.9 g) and homegarden (9.99 g). As compared to treeless open grown
ginger at 230 DAP, the reduction in belowground dry biomass was 17.21 % and
53.79 % for coconut and homegarden respectively. Across the growth period
from 90 to 230 DAP rhizome dry weight per plant showed highest increment in
coconut grown ginger (279.24 %) while an increase of 141.56 % and 135.61 %

was noticed in treeless open and homegarden respectively.
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4.10.2 Turmeric

Among the selected intercrops probably belowground dry matter
production for turmeric was considerably lower giving considerable yield
reduction under the intercropped scenario. Generally turmeric performed well in
control plot ovef the different growth periods. At 90 DAP, turmeric in treeless
open recorded highest belowground biomass of 15.02 g whereas coconut (6.03 g)
and homegarden (2.86) were on par. At 150 and 230 DAP, treeless open grown
turmeric showed higher dry belowground biomass (40.95 g at 150 DAP and 43.86
g at 230 DAP) followed by coconut and least in homegarden. Compared to
treeless open grown turmeric at 230 DAP, the coconut and homegarden registered
39.72 % and 74.83 % reduction. Furthermore over the growth period from 90 to
230 DAP rhizome dry weight per plant showed highest increment (338.47 %) per
plant in coconut grown turmeric while an increase of 286.01 and 192.01 per cent

was noticed in homegarden and treeless open respectively.
4.10.3 Galangal

Periodic changes in belowground dry weights suggest that generally galangal also
performed well in open control plot like ginger and turmeric. At 90 DAP,
galangal from the control plot recorded highest dry belowground biomass (8.71 g)
while coconut and homegarden showed lower production which however were on
par. Trends were similar at 150 DAP as well with open control plot giving higher
dry belowground biomass. At final harvest treeless open grown galangal showed
again higher dry belowground biomass (19.12 g) while homegarden and coconut
showed values on par. A comparison with treeless open grown galangal at 230
DAP suggest a decrease of 29.86 % and 33.32 % rhizome dry weight per plant for
coconut and homegarden respectively. During the growth period from 90 to 230
DAP rhizome dry weight per plant showed highest increment per plant (241.22
%) in coconut grown galangal while an increase of 160.2 and 119.52 % was

noticed in homegarden and treeless open respectively.
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Figure 8. Belowground dry biomass per plant of various medicinal herbs under
different landuse systems at Vellanikkara, Kerala

4.11 RHIZOME PRODUCTION ON HECTARE BASIS
4.11.1 Ginger

Dry rhizome yield on unit area basis for ginger varied considerably across
the land management system (Table 11). Observations revealed an amount of
1.43 Mg ha™' of rhizome yield in treeless open while 0.76 and 0.68 Mg ha” in
coconut and homegarden respectively during first sampling stage. At 150 DAP
significant increase in rhizome yield were noticed with treeless open recording
3.02 Mg ha™ followed by coconut (2.52 Mg ha™) and homegarden (1.6 Mg ha™).
During the final sampling stage maximum rhizome yield amounted to 3.46 Mg ha
"in treeless open while 2.86 and 1.49 Mg ha” in coconut and homegarden
respectively with relatively consistent changes. Conspicuous reduction in
belowground dry weight was observed for homegarden (56.93 %) as compared to

treeless open while the reduction was moderate under coconut (17.34 %).
4.11.2 Tunﬁeric

Rhizome production for turmeric also showed appreciable change

especially during first sampling stage (Table 11). Considerable differences in



rhizome yield were observed at the first sampling stage. The highest amount of
turmeric rhizome yield (2.40 Mg ha™") was recorded in treeless open followed by
coconut (0.96 Mg ha™) and homegarden (0.46 Mg ha™') respectively at 90 DAP.
During second observational time treeless open recorded the maximum yield of
6.55 Mg ha™ whereas coconut and homegarden recorded 3.21 and 1.59 Mg ha™
respectively. Treeless open continued the higher rhizome yield at final sampling
stage (7.02 Mg ha!) followed by coconut and homegarden with 4.23 and 1.77 Mg
ha'! respectively.  Conspicuous reduction in belowground dry weight was
observed for homegarden (74.78 %) as compared to treeless open while the

reduction under coconut was (39.74 %).

4.11.3 Galangal

Following trends of ginger and turmeric during the first sampling stage (90 DAP)
galangal also showed significantly higher rhizome yield (1.39 Mg ha') from
treeless open. However, galangal yields under homegarden were marginally
higher than that from coconut at 90 and 150 DAP. At 150 DAP treeless open
again showed a maximum rhizome yield of 2.90 Mg ha™'. This was followed by
homegarden and coconut recording 1.64 and 1.34 Mg ha™' respectively. During
final sampling stage treeless open was noticed to produce a yield of 3.06 Mg ha™
whereas coconut and homegarden recorded comparatively lower values of 2.15
and 2.04 Mg ha! respectively. Significant reduction in belowground dry weight
was observed for homegarden (33.33 %) and coconut (29.73 %) as compared to

treeless open.
4.12 NET PRODUCTIVITY OF RHIZOME

Variation in net productivity of rhizome was observed among the
intercrops for different landuse systems. Obviously the highest net rhizome yield
was observed for the treeless open for all the three intercrops with 2.2, 4.46 and
1.94 Mg ha for ginger, turmeric and galangal respectively. Also intercrop
performance was better under coconut while lowest under homegarden. Despite
the lower productivity for the ginger in the coconut and homegarden the changes

were not significant.



Table 9. Fresh belowground biomass per plant of various medicinal herbs under different landuse systems at Vellanikkara, Kerala

Fresh belowground biomass (g plant™)
Landuse type Ginger Turmeric Galangal
90 150 DAP 230 90 150 230 90 150 230

DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 54.28° 158.38° 165.65° 56.23° 128.69° 140.25° 31.46° 58.27° 68.15°

(4.09) (9.23) (9.66) (6.66) (19.33) (18.71) (6.05) (1.43) (2.57)
Homegarden 49.63° 61.17° 78.56¢ 23.74° 47.40° 69.11° 41.29° 38.30° 65.87°

(7.80) (21.59) (15.60) (0.64) (12.60) (9.27) (2.18) (10.80) (8.38)
Treeless open 104.81° 198.03° 216.33" 96.82" 233.16° 238.33° 70.32° 115.29° 116.15°

(1.28) (6.71) (7.55) (2.37) (15.91) (19.59) (9.51) (23.87) (22.03)
F 35.428 24.948 36.986 79.884 33.111 26.422 9.289 6.955 6.302
P 0.000 0.001 0.000 0.000 0.001 0.001 0.015 0.027 0.039

Table 10. Belowground dry biomass per plant of various medicinal herbs under different landuse systems at Vellanikkara, Kerala

Belowground dry biomass (g plant™)
Landuse type Ginger Turmeric Galangal
90 150 230 DAP 90 150 230 90 150 230
DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 4.72° 15.76*° 17.9° 6.03" 20.04° 26.44° 3.93° 8.38" 13.41°
(0.41) (0.36) (0.48) (0.45) (0.67) (0.21) (0.45) (1.18) (1.1
Homegarden 4.24° 9.33 9.99° 2.86° 9.95°¢ 11.04° 4.90° 10.23% 12.75°
(0.54) (0.16) (1.53) (0.25) (0.81) (1.36) (0.10) (0.72) (1.58)
Treeless open 8.95° 18.86" 21.62* 15.02% 40.95° 43.86" 8.71" 18.15° 19.12¢
(0.16) (0.69) (0.63) (0.24) (0.49) (0.69) (1.37) (0.60) (0.35)
F 10.604 10.427 40.388 22.726 51.497 57.857 9.119 13.721 7.15
p 0.011 0.022 0.000 0.002 0.000 0.000 0.015 0.039 0.026

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Table 11. Belowground dry weight of intercrops as influenced by various landuse systems at Vellanikkara, Kerala

Belowground dry weight rhizome yield (Mg ha™)
Landuse type Ginger Turmeric Galangal
90 150 230 90 150 230 90 150 230
DAP DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 0.76° 2.52% 2.86° 0.96° 3.21° 4.23° 0.63° 1.34° 2.15°
(0.06) (0.16) (0.28) (0.08) (0.49) (0.28) (0.09) (0.21) (0.19)
Homegarden 0.68 1.60° 1.49° 0.46° 1.59¢ 1.77° 0.78° 1.64% 2.04"
(0.05) (0.11) (0.16) (0.05) (0.27) (0.14) (0.04) (0.12) (0.24)
Treeless open 1.43% 3.02° 3.46° 2.40° 6.55 7.02% 1.39° 2.90° 3.06°
(0.12) (0.23) (0.35) (0.12) (0.52) (0.61) 0.24) (0.76) (0.44)
F 10.604 10.427 40.388 22.726 51.497 57.857 9.119 13.721 7.15
p 0.011 0.022 0.000 0.002 0.000 0.000 0.015 0.039 0.026

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Figure 9. Belowground dry rhizome yield of various medicinal herbs under different landuse systems at Vellanikkara, Kerala




In general yield reduction compared to open control was highest for turmeric
(83.81 % reduction under coconut and 97.75 % under homegarden) followed by
galangal (80.41 % reduction under coconut and 93.81 % under homegarden) and

ginger (76.82 % reduction under coconut and 95.91 % under homegarden).

Table 12. Changes in net productivity among the of intercrops as influenced
by various landuse systems at Vellanikkara, Kerala

Net productivity of rhizome

(Mg ha')
Landuse type 230 DAP
Ginger Turmeric | Galangal
b b
Coconut 0.51 0.75 0.38
c b
Homegarden 0.09 0.10 0.12
a a
Treeless open 2.20 4.46 1.94
F 2.893 5.21 6.56
p 0.124 0.047 0.031

Values with same superscript do not differ significantly
DAP — Days After Planting

4.13 RHIZOME QUALITY

Oleoresin content is an important quality parameter for which rhizomatous
plants such as ginger, turmeric and galangal are valued. Generally oleoresin
content was increased with increasing understorey shade levels. Among the
intercrops, average oleoresin content was highest for turmeric (10.53 %) followed
by ginger (4.27 %) and galangal (2.51 %). Among the various land use systems,
the oleoresin content appeared higher in the homegarden for all the three
intercrops, despite poor statistical significance. Similarly, the herbaceous crops
showed marginally lower oleoresin content in the treeless open condition for

ginger, turmeric and galangal.
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Table 13. Oleoresin content of various intercrops as influenced by different
landuse systems.at Vellanikkara, Kerala

Oleoresin content (%)

Landuse type Ginger | Turmeric | Galangal
Coconut (g:};) (109'7567) (g;g)
Homegarden (gfxg) (101.59075) (3:.2(5))
Trecless open (g:g% (gfg.g_) (gfg)
F 1253 | 0591 | 1.185
P 0351 | 0583 | 0368

Values in the parenthesis represent standard error of the mean
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Figure 10. Oleoresin content of various intercrops as influenced by different
landuse systems at Vellanikkara, Kerala
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Plate 11. Rhizome yield of various medicinal plants grown at different locations of
Vellanikkara. Thrissur



4.14 TOTAL CHLOROPHYLL CONTENT

Similar to the trends observed for oleoresin content, the chlorophyll
content in the leaves of'the medicinal plants were lowest in the treeless open while
the highest content was reported for homegardens. Despite the statistical
insignificance ginger recorded highest total chlorophyll (mg g'l) content in
homegarden (2.54) and least in treeless open (1.95). However, significant
variation in chlorophyll content was observed for turmeric among various landuse
systems. For instance, the chlorophyll content (mg g 1) was recorded highest for
homegarden (241 mg g'l) and least in treeless open (1.39 mg g'l) which was on
par with coconut. Similar to the trends for turmeric, galangal also showed marked
variation in chlorophyll content when grown under various selected landuse
systems. Highest content (mg g'l) was noted for homegarden (1.33) and least in
treeless open (0.70) which was on par with coconut. The percentage increase was
highest for homegarden with 73.38 % for turmeric and 90 % of galangal as
compared to control. As compared to control the percentage increase in total
chlorophyll content for coconut was 17.98 % for turmeric and 14.28 % for
galangal.

Table 14. Total chlorophyll content of various intercrops as influenced by
different landuse systems at Vellanikkara. Kerala

Landuse Total chlorophyll content (mg g'l)
type Ginger  Turmeric  Galangal
Coconut 2.16 1.64b 0.80b
(0.25) (0.20) (0.02)
Homegarden 2.54 241 1.33a
(0.08) (0.20) (0.15)
Treeless 1.95 1.39b 0.70b
open (0.25) (0.19) (0.05)
F 2.009 6.952 13.332
0.215 0.027 0.006

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error ofthe mean
DAP - Days After Planting
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Figure 11. Total chlorophyll content of various intercrops as influenced by
different landuse systems at Vellanikkara, Kerala

4.15 PLANT NUTRIENT CONTENT
4.15.1 Aboveground nutrient content

The data on the plant nutrient content recorded in the aboveground

portions of ginger, turmeric and galangal are presented in Table 15.
4.15.1.1 Ginger

In general consistent increase in aboveground nutrient content has been
observed during successive sampling dates for all the intercrops except for the
initial sampling period (90 DAP). The significant changes in N, P and K were
observed among the intercrops under different cropping systems. At 90 DAP the
aboveground plant nitrogen content was statistically similar across various land
uses. However at 150 DAP. homegarden grown ginger showed lowest N content
in the aboveground biomass compared to treeless open and coconut which were
on par. Phosphorus concentration at initial sampling stage was significantly

higher in treeless open (0.35 %) followed by homegarden and coconut which were
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statistically similar. At final sampling period similar trend was followed with
highest P concentration in treeless open (0.73 %). Aboveground potassium
concentration for ginger was significantly higher in treeless open during initial
observation while Jeast in homegarden. At 150 DAP, lowest K concentration was
observed in the homegarden (4.97 %) raised ginger which however was on par

with coconut.
4.15.1.2 Turmeric

Similar to ginger, turmeric also showed consistent increase in plant
nutrient concentration with planting dates. Nitrogen concentration in turmeric did
not vary appreciably during the first sampling period, however treeless open
recorded higher N concentration. At 150 DAP, nitrogen concentration was
significantly higher in treeless open (2.32 %). This was followed by coconut and
homegarden which were on par with each other. Phosphorus concentration in
aboveground biomass was found to be highest in treeless open grown turmeric
(p=0.01) during both the sampling periods (0.51 % at 90 DAP and 0.66 % at 150
DAP). This was followed by coconut and least in homegarden throughout the
sampling periods. Potassium concentration showed higher values in treeless open
grown turmeric (3.59 %) at 90 DAP. This was followed by coconut and
homegarden which were on par with each other. Trends were similar for
subsequent sampling date also. At 150 DAP, lowest K concentration was
recorded from homegarden (4.69 %) while treeless open grown turmeric recorded

highest K concentration followed by coconut.

4.15.1.3 Galangal

Galangal also exhibited significant difference in nutrient concentration in
the aboveground biomass. At 90 DAP, nitrogen concentration was found
significantly higher in open (2.01 %) grown galangal. This was followed by
coconut and homegarden which were statistically on par with each other. Open
grown galangal recorded higher N concentration at 150 DAP also though
differences were not appreciable. Phosphorus concentration recorded

significantly higher in treeless open at 90 DAP (0.44 %) and at 150 DAP (0.73
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%). This was followed by coconut and homegarden which were on par with each

other.

Potassium content varied marginally during the two sampling periods.

Treeless open raised galangal recorded significantly highest K concentration (3.48

%) which was followed by galangal in the coconut and homegarden.

Interestingly, the galangal in the homegarden (5.27 %) showed higher K content

in the aboveground biomass at 150 DAP while the differences were non-

significant.

Table 15. Aboveground plant nutrient concentration in ginger under various
landuse systems at Vellanikkara, Kerala

Aboveground plant nutrient concentration (%)

Landuse type N P K
90 DAP | 150 DAP | 90 DAP | 150 DAP | 90 DAP [ 150 DAP

Coconut - 1.77 2.03° 0.31° 0.62° 3.18° 5.09%

(0.13) (0.06) (0.04) (0.03) (0.06) (0.39)
Homegarden 1.93 1.94° 0.32° 0.58° 3.01° 4.97°

(0.13) 0.17) (0.01) (0.03) (0.24) (0.16)
Treeless open 2.0 2.19° 0.35° 0.73* 3.27° 5.11°

(0.11) (0.12) (0.02) (0.08) (0.05) (0.13)
F 0.626 5.993 5.564 | 26.790 7.401 4.464
P 0.566 | 0.0357 | 0.033 0.001 0.024 0.045

Table 16. Aboveground plant nutrient concentration in turmeric under various
landuse systems at Vellanikkara, Kerala

Aboveground plant nutrient concentration (%)

Landuse type N P K
90 150 DAP 90 150 DAP 90 150 DAP
DAP DAP DAP
Coconut 1.93 2.02° 0.46° 0.59° 3.34° 4.82°
(0.16) 0.22) | (0.01) (0.04) | (0.03) (0.15)
Homegarden 1.83 1.95° 0.35° 0.41° 3.29° 4.69°
(0.07) (0.37) (0.03) (0.06) | (0.15) (0.07)
Treeless open 2.08 2.32° 0.51? 0.66" 3.59° 4.92°
(0.08) (0.09) (0.02) (0.15) | (0.02) (0.16)
F 0.313 8.881 17.728 7.796 7.228 5.612
p 0.743 0.016 0.003 0.029 0.035 0.042

Values with same superscript do not differ significantly

Values in the parenthesis represent standard error of the mean

DAP — Days After Planting
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Table 17. Aboveground plant nutrient concentration in galangal under various

landuse systems at Vellanikkara, Kerala

Aboveground plant nutrient concentration (%)
Landuse type N P K
90 150 90 150 90 150
DAP DAP DAP DAP DAP DAP
Coconut 1.93° | 2.01 039" | 033° | 326° | 496
(0.02) | (0.23) (0.02) (0.01) (0.1) (0.04)
Homegarden 1.85° 1.97 0.35° 0.42° 3.29° 527
(0.11) | (0.38) (0.03) 0.14) (0.08) | (0.48)
Treeless open 2.01° 2.18 0.44° 0.73* 3.48° 5.12
(0.09) | (0.07) (0.03) (0.08) (0.0) (0.29)
F 5.367 3.553 5.854 7.163 6.452 4.596
p 0.024 0.096 0.020 0.005 0.008 0.062

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.15.2 Belowground plant nutrient content

The plant nutrient concentration in the belowground portions of ginger,

turmeric and galangal for varied cropping systems are presented in Table 18.
4.15.2.1 Ginger

Nitrogen concentration in ginger belowground biomass did not vary
appreciable during the first two sampling period, despite marginally higher values
attached to open grown ginger. At 230 DAP, treeless open recorded significantly
higher nitrogen concentration (1.55 %) followed by coconut and homegarden.
Initial phosphorus concentration did not vary considerably in ginger, though
treeless open recorded highest. Last two sampling showed almost similar trend
with treeless open having significantly higher phosphorus concentration (0.31 %
at 150 DAP and 0.43 at 230 DAP) whereas homegarden and coconut showed
lower values which were on par. An appreciable change in the potassium
concentration has been observed for ginger across landuse system throughout the

sampling period. Homegarden grown ginger recorded significantly lowest



potassium concentration in the belowground biomass. In general, nitrogen
content in belowground biomass was highest for open grown ginger followed by

ginger in the coconut and lowest in homegarden.
4.15.2.2 Turmeric

Nutrient concentration in turmeric also was found to vary among the
intercrop regimes. Nitrogen concentration in turmeric did not vary appreciably
during the first sampling period, however treeless open recorded higher N
concentration. The changes were more significant during the subsequent
sampling periods with higher values attached with belowground biomass for open
grown turmeric followed by turmeric from coconut and lowest by turmeric in the
homegarden.  Phosphorous concentration also showed similar changes for
turmeric as that of ginger. Turmeric showed significantly higher phosphorus in
treeless open during the entire sampling period. Except for the last sampling
period (230 DAP), homegarden showed lower phosphorus concentration than
coconut. Potassium concentration during the first two sampling periods were non-

significant however, treeless open recorded maximum.
4.15.2.3 Galangal

Unlike the ginger and turmeric the changes in nutrient concentration for
galangal were variable especially for P and K. Galangal showed significantly
higher nitrogen content in the treeless open during the entire sampling period.
During the first two sampling periods coconut and homegarden showed closer
values whereas at 230 DAP, coconut grown galangal showed higher nitrogen
concentration (1.35 %) than homegarden (1 %). During first two sampling period
galangal showed non-significant values for phosphorus despite marginally higher
values for homegarden. At 230 DAP, phosphorus concentration was clearly
higher in homegarden (0.44 %) followed by galangal in the open area. Potassium
exhibited variable trend across different landuse regimes. Interestingly, galangal
K concentration was higher in the homegarden for all the three sampling periods
which was followed by galangal from open area and least in the coconut garden.

It was initially not significant but last two observations were significant.
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4.16 ABOVEGROUND NUTRIENT ACCUMULATION

Changes in aboveground nutrient accumulation for various intercrops under

different management regimes are showed in Table 21.
4.16.1 Ginger

Nitrogen accumulation trends in ginger were not prominent at initial
sampling (90 DAP) while it was found to be significant at 150 DAP. Highest
accumulation of nitrogen was shown by treeless open grown plants at both the

stages. i.e. 16.55 and 44.68 kg ha™' at 90 and 150 DAP respectively.

Phosphorus accumulation was also observed more in treeless open grown
ginger at both the stages of observation. Although the changes were marginal at
150 DAP, significant differences were noticed at 90 DAP. At second stage of
sampling highest phosphorus content (14.89 kg ha™) was found for trecless open

followed by coconut (7.42 kg ha™) and homegarden (3.51 kg ha").

Potassium uptake did not vary considerably over the first sampling period
across the land use systems. Yet the trends suggest considerable increase in
uptake from first to second stage of sampling. During both the stages highest K
content was found in treeless open grown ginger. The K content at 150 DAP was
highest for open grown ginger (104.24 kgha™) followed by coconut (60.93 kgha™)
and homegarden (30.11 kgha™). The K accumulation in coconut grown ginger
was almost double and in the open grown ginger almost 3.5 times as compared to

homegarden.



Table 18. Belowground plant nutrient concentration in ginger under various landuse systems at Vellanikkara, Kerala

Landuse type Belowground plant nutrient concentration (%)
N P K

90 150 230 90 150 230 90 150 230
DAP DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 0.58 097 | 121° | 016 [ 027° [ 033" | 045 | 095 | LIV
(0.13) | (0.05) | (0.05) | (0.04) | (0.02) | (0.07) | (0.03) | (0.07) | (0.23)
0.59 0.75 1.08° 0.11 021° | 031° | 0.39° | 0.82° 1.01°
Homegarden |- 076 | 000y | (0.04) | 001) | (0.02) | (0.04) | 0.06) | 0.08) | (0.15)
a a a a a a

Treeless open | 0-87 1.18 1.55 0.24 0.31 0.43 0.56 1.01 1.41
0.11) | 0.08) | (029) | 0.0 | (0.01) | (0.11) | (0.18) | (0.17) | (0.20)
F 0.159 | 3.094 | 6.178 | 2.829 | 5.689 | 5.628 | 14.162 | 5457 | 6.457
p 0.857 | 0.076 | 0.035 | 0.136 | 0.041 | 0.043 | 0.005 | 0.045 | 0.032

Values with same superscript do not differ significantly

Values in the parenthesis represent standard error of the mean
DAP — Days After Planting




Table 19. Belowground plant nutrient concentration in turmeric under various landuse systems at Vellanikkara, Kerala

Landuse type Belowground plant nutrient concentration (%)
N P K
90 150 230 90 150 230 90 150 230

DAP DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 0.59 0.66" 1.06° 0.11° 0.26* 0.28° 0.33 0.72 1.15°

(0.13) | (0.06) | (0.33) | (0.01) | (0.03) | (0.02) | (0.14) | (0.19) | (0.13)
Homegarden 0.35 0.51° 1.01° 0.07° 0.13° 0.28° 0.26 0.66 0.95°

(0.0 | (0.13) | (0.04) | (0.01) | (0.03) | (0.01) | (0.04) | (0.18) | (0.18)
Treeless open 0.69 0.78° 1.29° 0.13? 0.26* 0.31° 0.41 0.78 1.22°

(0.08) | (0.12) | (0.26) | (0.01) | (0.04) | (0.02) | (0.1) | (0.12) | (0.13)
F 3.118 | 4.832 | 4.899 | 5542 | 5016 | 9.866 | 1.215 | 0.189 | 4.816
p 0.118 | 0.047 | 0.049 | 0.033 | 0.042 | 0.002 | 0.360 | 0.833 | 0.047

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting



Table 20. Belowground plant nutrient concentration in galangal under various landuse systems at Vellanikkara, Kerala

Landuse type Belowground plant nutrient concentration (%)
N p K
90 150 230 90 150 230 90 150 230

DAP DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 0.77° 0.91° 1.35° 0.16 0.17 0.25° 0.62 0.93° 1.01°

(0.07) (0.12) (0.34) | (0.02) (0.02) (0.16) (0.13) (0.09) (0.06)
Homegarden | 0.84° 0.95° 1.00° 0.26 0.29 0.44° 0.77 0.95° 1.34°

(0.05) (0.33) (0.08) (0.02) (0.01) (0.13) (0.11) (0.21) (0.36)
Treeless 0.92° 1.04° 1.42° 0.21 0.27 0.32° 0.66 1.09° 1.37°
open (0.19) (0.13) (0.18) (0.03) (0.02) (0.01) (0.22) (0.12) (0.04)
F 4.241 9.63 5.925 3.109 1.516 5.206 0.235 5.886 4.857
p 0.049 0.002 0.040 0.063 0.370 0.036 0.798 0.041 0.049

Values with same superscript do not differ significantly

Values in the parenthesis represent standard error of the mean
DAP - Days After Planting




Table 21. Aboveground plant nutrient accumulation in ginger under various

landuse systems at Vellanikkara, Kerala

Aboveground plant nutrient accumulation (kg ha™)
Landuse type N P K
90 150 90 150 90 150

DAP DAP DAP DAP DAP DAP
Coconut 7.56 | 2430° | 1.32° 7.42 13.58 | 60.93°

(0.36) (0.67) (0.05) | (1.08) (0.42) (2.86)
Homegarden 9.12 11.75° | 1.51° 3.51 1422 | 30.11°

(041) | (1.0D) (0.09) | (0.16) (0.29) (2.15)
Treeless 16.55 | 44.68° 2.90° 14.89 27.06 | 104.24*
open (2.67) (0.15) (0.54) (0.21) (0.15) (3.74)
F 0.626 5.993 5.564 1.516 1.203 4.464
p 0.566 0.037 0.041 0.27 0.36 0.045

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting

4.16.2 Turmeric

Fairly higher nutrient accumulation was observed in turmeric aboveground
biomass under different systems. For instance highest nitrogen uptake was
recorded in treeless open grown plants (31.77 kg ha'l) at 90 DAP and at 150 DAP
(48.04 kg ha™). Lowest content was found in homegarden grown plants (13.69
and 14.49 kg ha at 90 and 150 DAP respectively). The N accumulation in open
grown turmeric was almost 4 times higher as compared to the N accumulation for

homegarden turmeric.

Phosphorus uptake at 90 DAP also showed highest value in treeless open
grown plants (7.79 kg ha') which was on par with coconut grown plants and
significantly different from homegarden grown turmeric. The observations at

second sampling phase however did not reveal any significant difference.

Potassium accumulation varied considerably during both the observational
periods. Treeless open grown plants recorded significantly higher K (54.83 and
101.88 kg ha™ at 90 and 150 DAP respectively) uptake followed by coconut and
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homegarden during both the sampling periods. All the nutrients showed highest

accumulation in the open grown turmeric irrespective of the sampling periods.

Table 22. Aboveground plant nutrient accumulation in turmeric under various
landuse systems at Vellanikkara, Kerala

Landuse type Aboveground plant nutrient accumulation (kg ha")
N p K
90 150 90 150 90 150

DAP DAP DAP DAP DAP DAP
Coconut 2622 | 28.50° | 625° | 745 | 4537° | 60.85°

(0.97) (0.08) (0.09) (0.52) (1.06) (0.44)
Homegarden 13.69 | 14.49° | 2.62° 2.69 24.60° | 27.64°

(0.71) (0.29) (0.41) (0.19) (0.64) (0.13)
Treeless open 31.77 | 48.04° | 7.79° 13.67 | 54.83" | 101.88"

(0.42) (0.24) (0.29) (0.52) (1.87) (0.26)
F 0.626 5.993 5.564 3.818 7.401 4.464
p 0.566 0.037 0.043 0.079 0.024 0.045

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting

4.16.3 Galangal

Galangal also showed highest nutrient accumulation in the open condition
followed by homegarden and lowest in the coconut. Nitrogen accumulation
varied inconsistently at 90 DAP however, nitrogen content was recorded
maximum in treeless open followed by homegarden and coconut. At 150 DAP
significantly higher N content (10.27 kg ha™) was found in treeless open grown
plants which was significantly higher than homegarden (5.31 kg ha) which was

on par with coconut (4.91 kg ha™).

Observations revealed highest P content at 90 DAP in treeless open grown
plants (2.21 kg ha™) followed by homegarden and coconut. No appreciable
change was found at 150 DAP for phosphorus uptake in galangal. The reduction
in P accumulation in the intercrops was almost 50 % in the homegarden and

coconut,
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Potassium uptake recorded significant changes during both observational
periods across landuse systems. The highest content was registered in treeless
open grown galangal at both the observational periods with 17.47 and 19.42 kg
ha™ respectively. However, the galangal K uptake in the homegarden and coconut
were considerably lower (14.22 and 10.14 kg ha™ respectively) as against 19.42
kg ha™ for open grown galangal.

Table 23. Aboveground plant nutrient accumulation in galangal under various
landuse systems at Vellanikkara, Kerala

Landuse type Aboveground plant nutrient accumulation (kg ha™)
N P K
90 150 90 150 90 150
Coconut 4.87 491° | 0.88° 0.97 8.23° | 10.14°
(0.44) | (0.46) | (0.07) | (0.14) | (0.28) | (0.11)
Homegarden 5.45 5.51° 1.03° 1.13 9.70° | 14.22°

©.18) | (0.15) | (031) | ©026) | 0.86) | (0.51)
Treeless open 10.09 1027 | 2.21° 2.77 17.47" | 19.42°
0.54) | (0.74) | (0.19) | (0.51) | (0.94) | (0.54)

F 0.626 5.993 5.564 1.820 7.401 4.464

p 0.566 0.037 0.041 0.241 0.024 0.048

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.17 BELOWGROUND NUTRIENT ACCUMULATION
4.17.1 Ginger

Belowground nutrient accumulation trends for ginger grown under
different system suggested strong variation. In general, the open grown ginger
stored higher nutrient in the belowground biomass followed by coconut and
lowest in the homegarden. Nitrogen uptake during first sampling stage varied
marginally. However, highest nitrogen (7.48 kg ha™) uptake was recorded in
treeless open grown ginger rhizome. At 150 and 230 DAP highest nitrogen
uptake again observed in the treeless open grown ginger rhizome (21.36 and 32.17

kg ha™ at 150 DAP and 230 DAP respectively) which was significantly higher
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from coconut and homegarden. The nitrogen uptake increased with the
advancement of growth. The reduction in N accumulation in the homegarden and

coconut compared to open at 230 DAP was 69.94 % and 35.37 % respectively.

Phosphorus accumulation in ginger rhizomes did not vary appreciably
during at first two sampling stages, despite marginally higher value for treeless
open and homegarden the lowest. The observations during the last sampling
period revealed significant changes in P accumulation with maximum value (8.92
kg ha™") in treeless open with an appreciable reduction for coconut (36.43 %) and

homegarden (68.83 %).

Results revealed no prominent change in rhizome K uptake at 90 DAP
(2.07 kg ha™"). Treeless open grown ginger rhizomes however recorded highest K
content compared to coconut and homegarden. At subsequent sampling stage (150
DAP) also differences were non-significant. Treeless open recorded highest
(18.29 kg ha") K uptake in rhizome followed by coconut (14.37 kg ha™') and
homegarden (7.86 kg ha'l). At 230 DAP the open grown ginger showed enhanced
N uptake (29.26 kg ha™) while the uptake trend remained same for coconut and
homegarden. Probably the reduction in K accumulation is as much as 69.07 %
and 34.82 % for homegarden and coconut respectively at 230 DAP, compared to

treeless open.
4.17.2 Turmeric

Similar to the nutrient uptake trends for ginger, the turmeric also showed
highest nutrient accumulation in the open condition. During the first two
sampling stages nitrogen uptake varied marginally showing highest value in
treeless open (9.95 and 30.66 kg ha™ at 90 and 150 DAP respectively) followed by
coconut and homegarden. However significant variation was noticed during last
sampling stage, with highest N accumulation (54.32 kg ha) was attached to
turmeric from treeless open which was significantly higher than coconut (26.91 kg
ha™) and homegarden (10.7 kg ha™). The percentage reduction in N accumulation
for homegarden was 80.3 % and for coconut 43.17 %, compared to open grown

turmeric.
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Phosphorus uptake by turmeric rhizomes showed non significant
differences during first sampling stage (90 DAP) with modestly higher P content
(1.87 kg ha™) attached to treeless open grown rhizomes. Further, at 150 DAP
higher nutrient stocks was recorded by treeless open grown turmeric (10.22 kg
ha') which was significantly lower for coconut (5 kg ha') as well as
homegarden (1.24 kg ha™). Trends were similar during the final sampling (230
DAP) as well with treeless open (13.05 kg ha!) showing significantly higher
phosphorus uptake which was at par with coconut but significantly different
from homegarden. The percentage reduction in P content in the homegarden and

coconut compared to open at 230 DAP was 79.69 % and 45.51 % respectively.

Potassium uptake showed moderate changes among the landuse systems
during first sampling stage. Notwithstanding this, highest K content was found in
treeless open grown turmeric and least in homegarden rhizomes. Further at 150
DAP and last sampling appreciable changes were observed in K content. At 230
DAP, treeless open grown turmeric exhibited significantly highest (51.37 kg ha™)
nutrient content followed by coconut (29.19 kg ha™) and homegarden (10.07 kg
ha™). Probably the reduction in K accumulation is as much as 89.39 % and 43.17

% for homegarden and coconut respectively at 230 DAP.
4.17.3 Galangal

Galangal also exhibited consistently higher nutrient stocks in the rhizome
of open grown condition. In the intercropping scenario, galangal nutrient
accumulation was higher under coconut while the lowest uptake was under
homegarden. For instance, at 150 and 230 DAP significantly higher nitrogen
uptake was observed in the open grown ginger rhizome (18.12 and 26.06 kg ha™
at 150 and 230 DAP respectively). This indicates that N accumulation under the

coconut and homegarden were considerably reduced to the tune of 33.3 % and
53.01 %.

Similarly, treeless open grown galangal recorded highest rhizomatous
phosphorus uptake during various stages of growth. The changes were more

prominent during 150 and 230 DAP. The percentage reduction in P content in the



homegarden and coconut compared to open at 230 DAP was 0.08 % and 45.14 %

respectively.

Potassium content in the galangal also suggested higher nutrient
accumulation from open grown plants. However contrary to trends for other
nutrients, the K accumulation in the homegarden galangal was fairly better as
compared to coconut. The trends were more prominent at 230 DAP. The
percentage reduction in K content in the homegarden and coconut compared to

open at 230 DAP was 34.79 % and 48.31 % respectively.

4.18 SPECIFIC LEAF AREA

Specific leaf area provides information about the net leaf area available for
photosynthesis. In the present study the specific leaf area varied significantly
among the intercrops and their cropping regimes. Contrary to the growth trends the
specific leaf area was highest under homegarden grown ginger (174.51 cm® g)
followed by coconut and lowest in the open condition. The trends were similar for
galangal too with homegarden giving highest specific leaf area (180.01 cm? g)
while galangal in the open condition recorded lowest value. Specific leaf area
pattern in turmeric showed different pattern in comparison with ginger and galangal.
Coconut grown turmeric showed higher specific leaf area (170.09 cm? g') followed

by open with 139.66 cm? g™ and homegarden with 106.52 cm?g’.



Table 24. Belowground plant nutrient accumulation in ginger under various landuse systems at Vellanikkara, Kerala

Landuse type Belowground plant nutrient accumulation (kg ha™')
N P K
90 150 230 90 150 230 90 150 230

DAP | DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 2.63 | 14.68° | 20.79° | 0.72 4.08 5.67° 2.04 1437 | 19.07°

(0.06) (0.17) (1.11) (0.05) (0.87) (0.24) (0.5) (0.93) (0.88)
Homegarden 2.40 7.19° 9.67° 0.45 2.01 2.78° 1.59 7.86 9.05°

(0.23) (0.16) (0.94) (0.08) (0.09) (0.28) (0.21) (0.13) (0.31)
Treeless open 7.48 21.36* | 32.17° 2.06 5.61 8.92° 4.81 18.29 | 29.26"

(0.44) (0.28) (0.68) (0.16) (0.27) (0.19) (0.08) (0.11) (0.78)
F 0.159 4.094 6.178 2.829 2311 4.628 2.774 4.457 6.457
p 0.857 0.046 0.035 0.136 0.12 .043 0.087 .065 032

Values with same superscript do not differ significantly

Values in the parenthesis represent standard error of the mean

DAP — Days After Planting
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Table 25. Belowground plant nutrient accumulation in turmeric under various landuse systems at Vellanikkara, Kerala

Landuse Belowground plant nutrient accumulation (kg ha™")
type N N N
90 150 230 90 150 230 90 150 230

DAP DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 3.42 12.70 | 26.91° 0.64 5.00° 7.11° 1.91 13.85° | 29.19°
(022) | (0.84) | (0.14) | (0.05 | (0.46) | (0.74) | (0.11) | (0.21) | (1.74)
Homegard | 0.96 4.87 10.70° 0.19 1.24° 2.65° 0.71 6.30° 10.07°

en 0.08) | (0.44) | (0.09) | (0.05 | (0.13) | (0.04) | (0.06) | 0.07) | (0.9
Treeless 9.95 | 30.66 | 54.32° | 1.87 | 10.22° | 13.05° | 591 | 30.66° | 51.37°
open (0.04) | (032) | (0.19) | (0.1) | (0.87) | (0.54) | (0.64) | (1.02) | (1.83)
F 0.159 | 2426 | 6.178 | 2.829 | 5.689 | 4.628 | 2.792 | 4.457 | 6.457
p 0.857 | 0.117 | 0.035 | 0.136 | 0.041 | 0.043 | 0.139 | 0.045 | 0.032

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Table 26. Belowground plant nutrient accumulation in galangal under various landuse systems at Vellanikkara

Landuse Belowground plant nutrient accumulation (kg ha™)
type N N N
90 150 230 90 150 230 90 150 230

DAP DAP DAP DAP DAP DAP DAP DAP DAP
Coconut 2.91 7.32° | 17.38° | 0.60 1.37° 3.22° 2.34 7.48 13.00°
(0.15) | (0.21) | (0.87) | (0.09) | (0.12) | (0.19) | (0.13) | (0.73) | (0.84)
Homegard | 3.95 9.33° | 12.24° 1.22 2.85° 5.39° 3.62 9.33 16.40°

en 0.24) | (0.45) | (0.96) | (0.05) | (0.16) | (0.31) | (0.09) | (0.44) | (0.69)
Treeless 769 | 18.12° | 26.06° | 1.76 | 4.70° | 587° | 552 | 18.99 | 25.15°
open 0.61) | (0.19) | (0.64) | (0.14) | (0.41) | 0.07) | (0.45) | (1.01) | (0.78)
F 0.159 | 4.094 | 6.178 | 2.829 | 5.680 | 4.628 | 2.033 | 0365 | 6.457
p 0.857 | 0.046 | 0.035 | 0.136 | 0.041 | 0.043 | 0212 | 0.709 | 0.032

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting



Table 27. Specific leaf area of ginger, turmeric and galangal in various landuse
regimes at Vellanikkara, Kerala

Landuse Specific leaf area (cm” g ™)
type

Ginger | Turmeric | Galangal

Coconut 124.29° | 170.09* | 178.79"
(6.13) | (12.05) (9.46)
Homegarden | 174.51* | 106.52° 180.01°
(11.03) | (8.54) (13.04)

Treeless 91.05° | 139.66° | 151.16°
open (9.87) | (12.07) (8.04)

F 92 52 62

p 0.001 0.046 0.035

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting

4.19 STAND LEAF AREA INDEX

Stand leaf area is an important determinant of understorey productivity in
polyculture systems. Figure 12 shows the changes in stand leaf area index under
coconut and homegarden. LAIT varied between the homegarden and coconut
considerably. Results clearly indicate that homegarden system had more stand
leaf area index (3.84) while the same for pure coconut plantation was

considerably low (2.21).

3.84

Stand leaf area index
N

Coconut Homegarden

Figure 12. Stand leaf area index under coconut and homegarden at Vellanikkara,
Thrissur



420 PHOTOSYNTHETICALLY ACTIVE RADIATION

Diurnal changes in understorey PAR in various land use systems showed
distinct variability (Table 28). Mean photosynthetic photon flux density (PPFD)
above the canopy ranged from 212 p moles m?s! (8 am) to 1774 p moles mZs?
(1-2 pm). Mean mid-day (12 — 13 hrs) understorey photosynthetic Photon Flux
Density (PPFD) levels ranged from 398 to 765 pmoles m™2s™. The average mid-
day PAR under the homegarden and coconut canopies ranged from 17 to 37 % of
the incident PAR above the canopy. Lowest PAR was associated with

homegarden (17 %).
4.21 SOIL NUTRIENT CONTENT

4.21.1 Initial soil nutrients and pH

The data on initial soil nutrients (sampled prior to intercropping) and soil

ph in different landuse systems are presented in the Table 29.

In general homegarden soil showed better physico-chemical attributes while
open soil giving lower values. Higher pH was observed in homegarden (6.01)
followed by coconut (5.39) and least in open tree less control (4.88). Among the
systems organic carbon recorded highest value in homegarden (0.78 %) which was
on par with coconut (0.71 %). The lowest organic content was in open soil (0.63
%). The highest soil nitrogen content was observed in the homegarden with 228.34
kg ha”'. Nitrogen content in the coconut was on par with homegarden whereas

treeless open soils recorded the lowest value (146.43 kg ha’l).

Soil phosphorus content varied significantly in all the landuse with
highest content recorded in homegarden (65.29 kg ha™') and least in treeless open
condition (31.62 kg ha™). Significant changes were noticed for soil potassium
content having a trend similar to nitrogen and phosphorus with homegarden

(223.76 kg ha™) registering highest and treeless open soil giving lowest value
125.21 kg ha™’.



Table 28. Diurnal variation in understorey PAR transmission for homegarden and coconut at Vellanikkara, Kerala

Time Coconut Homegarden
(Hours) I, I, Transmittance I I Transmittance (%)

(1 moles | (umoles (%) (umoles | (umoles

m?s™) m?s™ m?s™") | m?sh

08:00:00 212 65 30.66 248 31 12.50
09:00:00 465 146 31.40 521 96 18.43
10:00:00 759 312 41.11 725 142 19.59
11:00:00 1326 515 38.84 1254 245 19.54
12:00:00 1562 629 40.27 1481 279 18.84
13:00:00 1760 765 43.47 1774 398 22.44
14:00:00 1486 614 41.32 1515 236 15.58
15:00:00 1256 408 32.48 1378 229 16.62
16:00:00 1065 402 37.75 1185 152 12.83
17:00:00 753 253 33.60 624 106 16.99
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Figure 13. Diurnal variation in understorey PAR transmission for a) Coconut and
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Table 29. Nutrient status and pH in the soils prior to the field trial at Vellanikkara,
Kerala

Landuse type pH Org C N P K
(%) (kgha") | (kgha) | (kgha™)
Coconut 5.39° | 0.71%®° 196.42° 57.84° 151.99°
(0.14) | (0.03) (5.6) (3.98) (1.85)
Homegarden 6.01° 0.78? 228.34° 65.29° 223.76°
0.23) | (0.02) (5.35) (9.44) (2.81)
Treeless open 4.88° 0.63° 146.43° 31.62° 125.21°
(0.08) | (0.05) (10.93) (7.82) (13.28)
F 11.875 | 4.949 13.225 5.653 22.635
p 0.008 0.04 0.006 0.042 0.002

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean

4.21.2 Soil nutrients at 150 and 230 DAP

The data on soil nutrients in ginger beds as influenced by different landuse

at 150 and 230 DAP are given in the Table 30.

Comparison of the Tables 29 and 30 suggest that intercropping improved
the soil nutrient status. For instance N, P and K content in the soil at final crop

harvest was considerably higher compared to the initial soil samples.
4.21.2.1 Ginger

Nitrogen content in the ginger beds varied considerably over time.
In both the
observational times homegarden recorded higher nitrogen content (257.61 kg ha™
at 150 DAP and 247.67 kg ha™ at 230 DAP) followed by coconut and treeless
open. Likewise phosphorous also showed the same pattern with a value of 166.49
kg ha™ at 150 DAP and lower value of 133.85 kg ha™ at 230 DAP in homegarden.
Treeless open exhibit lowest value of phosphorous content (61.87 kg ha™ at 150

DAP and 55.43 kg ha™ at 230 DAP) which on par with coconut. The potassium

Generally nitrogen content in the bed reduced at final harvest.

content in the ginger bed also suggested high value associated with homegarden

followed by coconut which is on par with treeless open. At 230 DAP,



homegarden soil recorded slightly lower value of 243.9 kg ha”'. Nevertheless,

both treeless open and coconut showed almost the similar values.

Table 30. Soil nutrient status in ginger beds at various landuse regime of

Vellanikkara, Kerala

Landuse Soil nutrient status (kg ha™)
type N P K
150 230 150 230 150 230
DAP DAP DAP DAP DAP DAP
Coconut 232.56° | 225.32%° | 82.85° | 74.31° | 192.86° | 146.48°
(8.63) (5.26) | (12.23) | (4.39) | (4.66) | (6.91)
Homegarden | 257.6° | 247.67° | 166497 | 133.85" | 271.24° | 243.9°
(12.01) | (13.73) | (12.54) | (15.54) | (17.13) | (16.62)
Treeless 191.8° | 178.67° | 61.87° | 55.43° | 173.09° | 146.02°
open (6.74) (9.94) (7.76) (2.9) | (16.95) | (19.49)
F 11.232 4.628 25.037 | 18.629 | 14.028 | 6.909
p 0.008 0.043 0.00 0.003 0.005 0.028

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.21.2.2 Turmeric

Comparatively smaller changes were observed in nitrogen content during
both the stages of sampling in the turmeric beds. Nitrogen content in the
homegarden soil showed the highest value of 314.13 kg ha™ and 311.42kg ha at
150 DAP and 230 DAP. It was then followed by coconut and treeless open. In
case of phosphorous and potassium a common trend was seen, with homegarden
marking a peak value of 153.81 kg ha™ and 121.36 kg ha™ at 150 DAP and 230
DAP Similarly homegarden
characteristically higher K content in the soil (257.16 kg ha™ and 249.47 kg ha™ at
150 DAP and 230 DAP). In both the cases, treeless open showed the lowest

content on par with coconut.

respectively for phosphorous. showed



Table 31. Soil nutrient status in turmeric beds at various landuse regime of

Vellanikkara, Kerala

Landuse Soil nutrient status (kg ha™)
type N P K
150 230 150 230 150 230
DAP DAP DAP DAP DAP DAP
Coconut 240.45° | 23122° | 79.36° | 60.83° | 172.68° | 153.1°
(5.68) | (16.17) | (7.51) | (6.91) | (14.75) | (9.95)
Homegarden | 314.13% | 311.42" | 153.81* | 121.36° | 257.16° | 249.47°
(10.01) | (8.15) | (15.74) | (14.16) | (12.21) | (17.97)
Treeless 180.39° | 169.19° | 59.75° | 44.06° | 161.96° | 118.85°
open (11.62) | (11.63) | (433) | (3.15) | (18.84) | (6.99)
F 5219 | 32937 | 22.883 | 19219 | 5.584 | 29.248
P 0.049 0.00 0.00 0.002 0.043 0.00

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.21.2.3 Galangal

Nitrogen content in galangal bed had a marked changes at 150 DAP
varying from a minimum value of 192.85 kg ha™' in treeless open, 296.81kg ha™
in coconut and a maximum value of 337.99 kg ha''in homegarden. A similar
trend exist in 230 DAP also. Significantly highest nitrogen content (kg ha™') was
observed in homegarden, followed by coconut (285.59 kg ha™) and lowest in
treeless open (177.6 kg ha™). Perceptible changes were found in soil phosphorous
content in the galangal beds at different landuse. In both the sampling stages,
phosphorous content changed in a predictable pattern. At 150 DAP, homegarden
exhibited highest value of 168.4 kg ha™ and treeless open exhibited lowest value
of 61.63 kg ha” which was on par with coconut (89.95 kg ha™). At 230 DAP,
highest P content was again showed by homegarden, and the lowest by treeless
open soil. Potassium content in the galangal bed was observed to be maximum in
homegarden in both the sampling stages (244.63 kg ha at 150 DAP and 240.12
kg ha™ at 230 DAP). At 150 DAP, coconut showed the minimum value of 183.94
kg ha” which was on par with treeless open (188.66 kg ha™). Where as in the
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second sampling stage of 150 DAP, treeless open exhibited the lowest value of

134.32 kg ha™' which was on par with coconut

Table 32. Soil nutrient status in galangal beds at various landuse regime of
Vellanikkara, Kerala

Landuse Soil nutrient status (kg ha'l)
type N P K
150 230 150 230 150 230
DAP DAP DAP DAP DAP DAP
Coconut 296.81° | 285.59° | 89.95° | 76.99° | 183.94° | 143.37°
(9.29) (3) (5.06) | (2.81) | (4.09) | (13.42)
Homegarden | 337.99" | 334.87° | 168.4" | 166.04" | 244.63* | 240.12*
(6.25) | (5.72) | (13.83) | (12.76) | (7.92) | (14.32)
Treeless 192.85° | 177.6° | 61.63° | 47.93" | 188.66° | 134.32°
open (7.76) | (5.48) (6.3) (8.62) | (10.32) | (3.61)
F 5.653 5.584 | 35.766 | 46.339 | 18.393 | 8.950
p 0.042 0.043 0.000 0.000 | 0.003 0.016

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.21.2.4 Soil nutrient status in the non-intercropped area

Nitrogen content in the fields without inter crops exhibited a different
frend in both the sampling stages. At 150 DAP, nitrogen content were found to
be maximum at homegarden with 247.96 kg ha™ followed by coconut (218.99 kg
ha™) which was on par with homegarden and considerably different from treeless
open. However, relatively different values of nitrogen content were observed at
230 DAP. Homegarden (255.37 kg ha™) recorded significantly highest content
followed by coconut and lowest in treeless open (156.13 kg ha™). Phosphorous
content did not vary considerably in both the sampling stages. Yet 150 DAP, it
varied from 69.33 kg ha™ in homegarden to 36.67 kg ha™ in treeless open. At
230 DAP also, these landuse were reported with similar values in the soil
phosphorous content. It varied from 64.3 kg ha™ in homegarden, 55.07 kg ha™ in

coconut-and 37.2 kg ha! in treeless open. Potassium content at 150 DAP was
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observed to be maximum in homegarden (219.35 kg ha') and minimum in
treeless open (139.13kg ha™) which was in par with coconut (156.17 kg ha'). At
230 DAP, homegarden was observed to be with highest potassium content of
238.93 kg ha™! followed by coconut which was on par with treeless open.

Table 33. Soil nutrient status of the landuse regime area devoid of medicinal
plants at Vellanikkara, Kerala

Landuse type Soil nutrient status (kg ha™)
' N p K
150 230 150 230 150 230
DAP DAP DAP DAP DAP DAP
Coconut 218.99° | 221.74° | 52.93 | 55.07° | 156.17° | 158.55°
(8.48) | (9.31) | (12.23) | (19.81) | (11.26) | (9.83)
Homegarden 247.96" | 255.37* | 69.33 64.3* | 219.35% | 238.937
(14.91) | (6.29) | (1349) | (6.07) | (11.75) | (15.8)
Treeless open | 153.93° | 156.13° | 36.67 37.2° | 139.13° | 140.85°
%) 391 | @8 | 585 | 255 | (18.59)
F 20.270 | 53.977 2.256 4.422 8.984 11.841
p 0.002 0.000 0.186 0.052 0.016 0.008

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP - Days After Planting

4.22 BULK DENSITY

Soil bulk density varied significantly across the soil depth as well as
between the landuse systems. Generally bulk density showed a increasing trend
with the increase in soil depth up to 1m from the surface layer. In coconut, bulk
density varied from 1.12 at 0-20 cm to 1.28 at 81-100 cm. Similar trends were

observed for homegarden also, with a value ranging from 1.05 at 0-20 cm to 1.2 at
81-100 cm.

Bulk density of the soils in the treeless open areas registered high values
while homegarden represented lower bulk density throughout the soil profile
varied from 1.17 at 0-20 cm to 1.35 at 81-100 cm depth. There was a percentage

increase of 15.38 % from first layer to the lowest layer.
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Table 34. Variation in bulk density as a function of soil depth for selected landuse

regimes at Vellanikkara, Kerala

Bulk density (g cm™)

Depth (cm) Coconut | Homegarden | Open Depth mean

0-20 1.12° 1.05° 1.17° 1.13
(0.14) (0.12) (0.19)

21-40 1.14° 1.12° 1.23¢ 1.16
(0.04) (0.8) (0.45)

41-60 1.2° 1.16° 1.29° 1.22
(0.08) (0.18) (0.86)

61-80 1.23% 1.19° 1.34° 1.25
(0.06) (0.08) (0.29)

81-100 1.28° 1.2° 1.35° 1.28
(0.08) (0.09) (0.86)

Treatment mean 1.19 1.15 1.28

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting

4.23 ORGANIC CARBON

Organic carbon percentage followed exactly the similar trend as that of
organic matter percentage. The values showed a decreasing trend with increase in
soil depth. In case of coconut, the topmost layer of 0-20 cm recorded 0.73 %, 21-
40m as 0.38 %, 41-60 cm as 0.49 %, 61-80 cm as 0.52 % and the lower most layer
as 0.41 %. A similar trend existed in homegarden also with maximum value of
0.78 % in the top most layer and minimum value of 0.39 % in the lower most
layer whereas, in the treeless open plot the percentage organic carbon content
varies from 0.65 to 0.27 %.

As we compare the systems, the highest value lies in homegarden at a
depth of 0-20 cm and the lowest value is exhibited in treeless open plot at a depth
of 61-80 cm which was observed as 0.27 %.
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Table 35. Variation in organic carbon as a function of soil depth for selected

landuse regimes at Vellanikkara, Kerala

Organic carbon (%) Depth mean
Depth (cm) Coconut | Homegarden | Open
0-20 0.73 0.78° 0.55 0.69
(0.08) (0.09) (0.05)
21-40 0.38 0.7% 0.65° 0.58
(0.15) (0.09) (0.08)
41-60 0.49 0.63° 0.42° 0.51
(0.1) (0.06) (0.07)
61-80 0.52 0.46° 0.27° 0.42
(0.08) (0.09) (0.08)
81-100 0.41 0.39¢ 0.31¢ 0.37
(0.05) (0.06) (0.08)
Treatment mean 0.51 0.59 0.44
Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Figure 14. Variation in organic carbon as a function of soil depth for selected
landuse regimes at Vellanikkara, Kerala
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4.24 ORGANIC MATTER

Among the landuse system, higher soil organic matter content was found
associated with homegarden (1.34 %) and lowest by soil in the treeless open
condition. The organic matter content also showed consistent decline with
increasing soil depth. Interestingly both the woody systems maintained fairly
good organic matter at deepest horizon (0.7 and 0.67 % for coconut and
homegarden respectively at 81-100 cm depth). Nonetheless, treeless open showed

lowest organic matter content at farthest soil depths.

Table 36. Variation in organic matter as a function of soil depth for selected

landuse regimes at Vellanikkara, Kerala

Organic matter (%)

Depth (cm) Coconut | Homegarden | Open Depth mean

0-20 1.25 1.34* 0.94° 1.18
(0.09) (0.1) (0.05)

21-40 0.65 1.2 1.11° 0.99
(0.06) (0.08) (0.13)

41-60 0.84 1.08° 0.72° 0.88
(0.08) (0.21) (0.17)

61-80 0.89 0.79° 0.46° 0.71
(0.1 (0.17) (0.08)

81-100 0.7 0.67° 0.53¢ 0.63
(0.04) (0.9) (0.06)

Treatment mean 0.87 1.02 0.75

4.25 MEAN SOIL ORGANIC CARBON CONTENT

Vertical distribution of soil organic carbon showed a constant decline
with increasing depth for all the land use systems. Accordingly, the surface soil
horizon recorded highest carbon content of 16.21, 17.39 and 12.83 Mg ha™
respectively for coconut, homegarden and open. Among the two wooded
ecosystems, homegarden maintained higher carbon for all soil horizons.
Convincingly, treeless open soil showed lowest carbon content at all soil depths.
The percentage reduction in carbon content at the deepest sample layer (81-100

cm) was 35.9, 46.34 and 34.84 % of the carbon at surface horizon for coconut,
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homegarden and treeless open respectively. Irrespective of horizon the average

soil organic carbon content followed the order 11.93, 13.49 and 11.02 Mg ha™

for coconut, homegarden and treeless open respectively.

Table 37. Variation in mean soil organic carbon content as a function of soil
depth for selected landuse regimes at Vellanikkara, Kerala

Mean soil organic carbon content | Depth mean

Depth (cm) (Mg ha™)

Coconut | Homegarden | Open

0-20 16.21 17.39* 12.83% 15.48
(1.11) (0.85) (0.78)

21-40 8.63 15.31° 15.91% 13.28
(0.85) (1.08) (0.94)

41-60 11.67 14.55° 10.81° 12.34
(0.46) (1.46) (0.24)

61-80 12.75 10.87° 7.19° 10.27
(0.25) (1.19) (0.93)

81-100 10.39 9.33¢ 8.36° 9.36
(0.18) (0.42) (0.16)

Treatment mean 11.93 13.49 11.02

Values with same superscript do not differ significantly
Values in the parenthesis represent standard error of the mean
DAP — Days After Planting
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Figure 15. Variation in mean soil organic carbon content as a function of soil
depth for selected landuse regimes at Vellanikkara, Kerala
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4.26 Allometric models

Regression equation relating PAR with rhizome yields showed statistical
soundness with high coefficient of determination (rz) values (Table 38). Linear,
quadratic and logarithmic models were the best predictors of understorey
productivity for the selected intercrops. Considering correlation between ginger
yield and understorey PAR (>=0.63 to 0.99), regression equations were developed
linking these two variables. Linear, quadratic and logarithmic equations gave
good fit with high r* values 0.63, 0.99 and 0.84 respectively. Though, all of the
equations were statistically not significant for ginger. In case of turmeric the
correlation was sound and linear, quadratic and logarithmic equations gave good
fit with high 1* values 0.86 to 0.98. Except for simple linear equation statistical
soundness were observed with all. Correlation in galangal was sound with high r
values 0.94 to 0.99. Except for quadratic equation statistical soundness were
observed with rest of the equations. Simple linear equation may be more
acceptable on account of its simplicity in use compared to quadratic and
logarithmic equations. These models will help to predict the intercrop

productivity under various land management systems as a function of understorey
PAR availability.

8 -

Dry rhizome yield (Mg ha?)
P

17 (Hg) 37{Co} 100 (Op)

PAR transmittance under various systems (%)

Figure 16. Understorey PAR and rhizome yield under various land management

systems
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Table 38. Allometric models for rhizome yield and understorey PAR

transmittance for various herbaceous crops at Vellanikkara, Kerala

Sl Model Coefficients 5
r
No ap a ay
Ginger
1 Y =ap+a;*D 1.955" 0.016™ - 0.63
2 Y =ay+a*D +ay*D>  0.367™ 0.171™  -0.001 0.99
3 InY =ay+a* InD 0.472™ 0.682™ - 0.84
Turmeric
1 Y = a5+ a;*D 2371™ 0.048" 0.86

2 Y=g+aD+asp? 02317 0.301™ 5002 0.99

3 InY=a+a*lp  -1.660 1.917 0.98
Galangal
) Y =g+ a*D 1.961%* 011+ 0.97
1.967™ 0.01™  4.809E-
2 Y=a+tarD+a*D’ wee 0

£%
3 InY = ag+ay* InD 1.157%* 0.402 0.94

Equation models: 1= Linear with one independent variable, 2=Quadratic; 3=Logarithmic.

Y= mean rhizome yield, D= PAR transmittance (%); ns = not significant at 0.05 level; *

significant at 0.05 level; ** significant at 0.01 level.
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DISCUSSION

The one year long field study has been undertaken to optimize understorey
productivity of selected medicinal herbs in the prominent land management
systems of Kerala viz. mature coconut garden and homegarden. The intercrop
growth attributes and the biophysical factors that regulate understorey
productivity were evaluated critically as part of the study. The salient findings are

discussed hereunder.

5.1 GROWTH PERFORMANCE OF THE INTERCROPS
5.1.1 Plant height

One of the primary requisites that decide the possibility of intercropping in
polyculture system is the availability of light which depends on the extent of
interception by their canopies. Plant height has been reported as a growth variable
sensitive to shading. In the present study ginger and turmeric performed better in
terms of plant height under coconut. Galangal also exhibited increased (30.15
cm) leaf spread in coconut field (Table 1). Despite the weak statistical
significance. in ginger height growth among the various woody systems at 150
DAP, in general the medicinal crop height growth was better under woody cover
as compared to treeless open. However, intense shade may inhibit the plant
height and leaf spread as observed in homegarden for galangal. Probably, under
shaded conditions plants compete each other for the vertical advantage in light
acquisition resulting in better height growth under shaded conditions. According
to Meyer and Anderson (1952) high irradiance may result in high rates of
transpiration which are likely to result in internal deficiencies of water and a
consequent retardation of cell division or cell enlargement, ultimately resulting in
low height in plants grown under treeless open condition. However the poor
height for turmeric in the homegarden suggesting the species difference in

intercrop performance under varying light regimes (Kumar et al. 2001).

The general effect of shading on plants was studied by Ross (1976) and

reported that plants under shaded conditions exhibited increased growth of main



axis. Aclan and Quisumbing (1976) reported that ginger plants grown under full
sunlight were found to be shorter compared to shaded plants. Similar positive
influence of shading on plant height has been reported for ginger, coleus and
sweet potato (Bai and Nair, 1982). In yet another study, Verghese (1989) reported
that in ginger plant height increased with increase in shade intensity from zero to
75 per cent at 60 DAP only, after which plants grown at 25 per cent shade had the
highest plant height, whereas in turmeric, with increase in shade, plant height
increased up to medium shade of 50 per cent and then decreased. Many published
reports are available on the Increase in plant height with increasing shade
intensities in ginger (Jayachandran et al.1991; Ancy, 1992; Ajithkumar, 1990;
Sreekala, 1999; Amin et al, 2010; Bhuiyan ef al, 2012). Such height sensitivity to

shade level has been reported for other intercrops as well.
5.1.2 Tiller production

Observations revealed highest tiller production was in treeless open grown
ginger and turmeric plants (Table 5). The reduction in ginger tiller production
was almost half for homegarden whereas in coconut grown ginger showed about
30 % reduction. Homegarden represented lowest ginger tiller production during
both the sampling periods which incidentally had the lowest light availability.
Such lowering in tiller production with reduction in understorey light has been
reported earlier for ginger and turmeric (Verghese, 1989). However weak
response on tiller production with varying light levels also has been observed. For
instance, Moursi e a/. (1976) in wheat and Prameela (1990) in colocasia observed
non significant effect of shade on tiller production. Reduced tiller production
under shade may be due to the Jow Red: Far-red ratio at the base of the plants
caused by the shade (Ancy, 1992). A limitation in energy supply resulting from
the decreased proportion of incident radiation available per tiller may also be
partly responsible for the decrease in tiller formation (Attridge, 1990).
Furthermore, at high shade intensity the limited biomass production will be
allocated more towards increase in plant height and this may have delayed the

allocation for tiller production. Thus the reduced photosynthetic activity under



94

heavy shade may be suppressing the growth and development of tillers (Sreekala,
1999). Galangal also produced more tiller in treeless open condition (7.83).
Contrary to these observations there are reports that suggest increased tiller
production for ginger under tree cover managed under shaded conditions
compared to growth in treeless open (Wilson and Ovid, 1992; Jaswal ef al., 1993;
Newman et al., 1998).

5.1.3 Leaf production

Observations revealed highest leaf production was in shaded conditions for
ginger as in coconut followed by homegarden and lowest under treeless open
(Table 6). Such lower leaf production for ginger in full sunlight has been reported
from many studies (Ancy, 1992; Aclan and Quisumbing, 1976). The increase in
leaf production may be due to decrease in the number of tillers and vice versa. In
case of turmeric there was marginal reduction in number of leaves under coconut
and homegarden whereas galangal showed highest leaf production in coconut.
Observations in general suggest that leaf production is more of species dependent
though shade influences leaf production as reported. For instance, a decrease in
number of leaves with increase in shade intensity was observed in ginger
(Verghese 1989; Sreekala 1999). A clear cut trend in leaf production was not
discernible for turmeric despite a moderate increase in treeless open conditions.
However, in turmeric lowest number of leaves per tiller grown under full sunlight
has been observed compared to shade grown plants. Similar result were reported
by Bhuiyan er al., 2012. Galangal at 90 DAP showed higher leaf production in
the open condition though, the difference were marginal at 150 DAP. Similar
results has been obtained for galangal for example, Latha (1994) found more leaf
production in open grown galangal. Kumar ef al. (2005) found vegetative growth
of galangal was greater in the open, implying a favourable effect of high radiation

intensity.
5.1.4 Root production

Mean root length of medicinal plants was fairly high in treeless open plots

except for galangal. At 150 DAP, coconut and homegarden displayed 4.8 and
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31.93 per cent reduction in root length for ginger in contrast to open control
(Table 4). At 150 DAP, turmeric root length showed marginal variation among
cropping system. It was better in control plot (18.33 cm) followed by coconut
(18.29 cm) and homegarden (13.42 cm). Galangal root growth during the two
sampling periods suggest only marginal increase except for coconut which
registered about 47 % increase during 90 to 150 DAP. Root development in
plants is very much influenced by the species. Also the soil resource availability
decides the root production and distribution patterns especially in tree bases
ecosystems. The intercrop roots may stretch the root system to more soil volume
in the open condition in search of water and minerals which are often limited in
open soil compared to wooded ecosystem. The restricted root production in
homegarden could be attributed to the intense below ground competition for
resources. Conversely this could also be attributed to the ample availability of
resources at shallow depths in the homegardens rendering the plants not to stretch

the roots to higher soil depths.
5.2 OLEORESIN CONTENT

Oleoresin content is an important parameter for which rhizomatous plants
such as ginger, turmeric and galangal are valued. The species dependence on
oleoresin content is evident from the study. Among the three intercrops average
oleoresin content was highest for turmeric (11.05 %) followed by ginger (4.62 %)
and galangal (2.80 %). Oleoresin content in all the crops was invariably highest
in homegarden and lowest in treeless open plot, despite poor statistical differences
(Table 13). In ginger it varied from 4.02 % in treeless open to 4.62 % in
homegarden, in turmeric from 9.92 in treeless open to 11.05 % in homegarden and
in galangal the oleoresin content varied from 2.26 in treeless open to 2.80 % in
homegarden. The relatively more oleoresin content in homegarden and coconut
compared to treeless open may be explained as a function of understorey PAR
availability. Essential oil and oleoresin contents were also greater in the rhizomes
of the intercropped galangal (Maheswarappa ef al., 1998) compared to open

grown galangal. Shade can influence the production of secondary metabolites and
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reduce the oxidation of other biochemical activities resulting in high oleoresin
content (Zachariah and Gopalan, 1987). Shade influence on secondary
metabolites in ginger has been reported by Ravishankar and Muthuswamy, 1988).
However few studies relating insensitivity of shade levels on oleoresin yield
(Latha,1994). Similar observations were also noticed by Kumar ef al. (2001) in
ginger and Sureshkumar (1997) in galangal. Other factors that influence oleoresin
content of rhizomes are variety, maturity and environment while shade exerts

major influence (Kumar e/ al., 2005).
5.3 CHLOROPHYLL CONTENT

Chlorophyll is vital for photosynthesis, which allows plants to absorb
energy from light. Chlorophyll content in all selected intercrops was recorded
consistently highest in homegarden followed by coconut while lowest in treeless
open in the present study (Table 14). Differences were significant in turmeric and
galangal. As compared to control the percentage increase in total chlorophyll
content for coconut was 17.98 % for turmeric and 14.28 % for galangal. The
percentage increase was highest for homegarden with 73.38 % for turmeric and 90
% of galangal respectively as compared to control. The influence of shade on leaf
chlorophyll content appeared to be very much prominent which varied with land

use systems.

Most scientists have quoted positive effect of shading on chlorophyll
content in plants. In ginger and turmeric, an increase in chlorophyll content with
increase in shade intensity has been reported (Verghese, 1989; Ancy, 1992).
Gardener et al. (1952) and Bjorkman and Holmgren (1963) observed that the
concentration of chlorophyll per unit weight of leaf increased with decreasing
light intensities until the intensity was so low that it hazarded the survival of
plants. Ravisankar and Muthuswamy (1988) observed higher content of total
chlorophyll and its components in ginger in two-year and six-year old arecanut

plantations compared to those grown in the treeless open.

This increase in chlorophyll under shaded conditions is an adaptive

mechanism commonly observed in plants to maintain the photosynthetic
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efficiency (Attridge, 1990). It may be because shade leaves need to invest more
energy for improving the photosynthetic efficiency than plants growing under
open conditions, thus increasing chlorophyll content. The lower chlorophyll
content in sun leaves may be attributed to faster light compensation point under
intense light conditions (Kochar, 1978). It appears that relatively low temperature
combined with low light intensity contributes to development of more chlorophyll

in ginger (Sreekala and Jayachandran, 2001).
5.4 PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR)

Competition for light often determines the success of a component in
mixed cropping scenario. A variation in height could profoundly affect the yield
of shorter component (Trenbath, 1976). In agroforestry systems, the amount of
light available at the ground level depends primarily on the nature of the tree
species, their spacing/planting geometry and age (Payne, 1985; Mathew et al,
1992). The spectral quality of radiation will change with depth of penetration into
plant canopies because leaves absorb solar radiation differently. PAR, one of the
requirements for productive growth of plants is used to evaluate the growth
potential of understorey component in agroforestry systems. The important factor
to be considered is the light use efficiency. The biomass yield limit is set by the
available light, its efficiency with which intercepted light is converted into

biomass (Long et al., 2006).

In the present study light availability (PAR) was 17 and 37 % in
homegarden and coconut fields respectively. Such wide variability in understorey
light regimes has been reported for multi species- multi strata agroforestry
systems (Kumar et al, 2005). Manjunath er al. (2002) reported that mean
transmission of PAR in 12 years old coconut plantation varied from 23.1 to 36.6
per cent of the open light depending on the period of year (season). Kasturibai et
al. (1991) reported on the reduction in light intensity reaching canopy of
intercrops due to interception by coconut canopy under coconut based
intercropping system. It is obvious that density of vegetation in the homegarden

favoured the reduction in PAR. Implicit in this marked reduction in understorey
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light availability is the interception of substantial portion of incoming solar
radiation depending upon the nature of tree crowns. Probably the high canopy
density contributed by the multistrata combination of diverse plant components
(trees, herbs and shrubs) in the homegarden leads to substantial light interception
at the various strata leading to reduction in the understorey PAR. The coconut
canopy also captured sizable quantum of PAR may be on account of the lower
mean palm heights (8-10 m) and close spatial spread of the coconut leaves. PAR
levels under coconut may improve with palm maturity (Nelliat, et al., 1974; Nair,
1993).

Generally the mid growth phase (8-25 years) is the intense growth period
in coconut plantation limiting understorey PAR availability while period up to 8
year and beyond 25 year facilitate intercropping under coconut. This could be the
reason for the moderate understorey production. As regards crown characteristics,
leaf density and leaf angle had positive curvilinear relationships with understorey
light intensity (Agetsuma, 1989). Sampson and Smith (1993) simulated the
effects of changing canopy architecture on light infiltration and found that the
order of importance on light penetration was leaf area index, foliage aggregation,
average leaf inclination angle and vertical distribution of foliage. Wider spacing
in bamboo intercepted less solar radiation by canopy and allowed more solar
radiation to reach the ground which might have stimulated the understorey growth

and resulted in more understorey dry matter production.

PAR of 62 to 82 % resulted in better turmeric and ginger dry matter
production and rhizome yield (Bhimappa, 2014). In the present study PAR of
37 % resulted in the better yield of ginger, turmeric and galangal. Kasanga and
Monsti (1954) also revealed that the understorey growth rate is proportional to the
amount of radiation intercepted by the canopy. Kunhamu er a/ (2008) reported
that ginger yield increased linearly with increasing PAR in Acacia mangium based
intercropping. The reduced yield of intercrops in close spacing’s may be due to
competition of light, in which larger plants have disproportionate advantage of

shading smaller ones (Casper and Jackson, 1997). Preferably, closer spacing and
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the multitier crown characteristics contributed to the distinct variation in

understorey PAR for homegarden compared to coconut.
5.5 DRY MATTER PRODUCTION

Maximum aboveground dry biomass was observed at 150 DAP for all
medicinal plants except for galangal. The dry spell and reduction in number of
functional leaves may account for the reduction in dry weight during the final
stages of observation for galangal (Table 8). As regards belowground biomass
yield (rhizome) over time it essentially followed a linear trend (Table 10). Dry
belowground yields during the three sampling periods showed significant
difference among the landuse systems. In brief ginger production was lower in
homegarden during all the growth stages. At final harvest, as compared to open
grown ginger the reduction in dry biomass was 17.21 % and 53.79 % for coconut

and homegarden respectively.

In general, the overall growth performance of ginger was better under
mature coconut plantation compared to homegarden. Better performance of
ginger grown under mature coconut plantation has been reported earlier (Sujatha
et al., 1994). Coconut root spread normally confined to 2 m radius around the tree
giving almost 3 m less competitive zone between primary rows of coconut palm
(Nelliat et al., 1974). This competitive advantage probably facilitates growth of
ginger as an intercrop under coconut (Reynolds, 1988). Generally turmeric
performed well in control plot over the different growth periods. Compared to
treeless open grown turmeric at 230 DAP, the coconut and homegarden registered
39.72 % and 74.83 % reduction in rhizome yield. Periodic changes in
belowground dry weights suggest that galangal also performed well in open
control like ginger and turmeric. As compared to treeless open grown galangal at
230 DAP, a reduction in rhizome dry weight to the tune of 29.86 % and 33.32 %

per plant were observed in coconut and homegarden respectively.

The biomass production potential is primarily a function of available light,
its efficiency with which intercepted light is converted into biomass (Long ef al.,

2006). Kasanga and Monsi (1954) also revealed that the understorey growth rate
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is proportional to the amount of radiation intercepted by the canopy. Kunhamu ef
al (2008) reported higher ginger rhizome yield increased with increasing intensity
of thinning which suggest strong influence of canopy regulation on ginger yield.
Similar observations were reported for poplar-ginger based system managed
under varying tree densities by Jaswal ef al. (1993). Amin et al, (2010) observed
ginger-mango partnership having 50 + 5 % shade resulted the plant growth of
medium status but had the topmost yield of ginger (12.42 Mg ha!, which was
2.45 fold better than the least yield (5.07 Mg ha) of the ginger-guava coalition
and 119.65 times higher even from the open field. Ghosh and Hore (2007) found
among five different spacing’s (20 x 15 cm, 20 x 20 cm, 25 x 20 cm, 25 x 25 cm
and 30 % 25 cm) and two rhizome size (15-20 and 25-30 g) of ginger, the closest
spacing (20 x 15 cm) in combination with bigger seed rhizome (25-30 g)
produced highest yield (15.39 kg from three m?). Kumar (2005) found that ginger
grown as intercrop in tamarind plantation recorded higher yield (173.89 g/plant)

compared to sole crop in open area (117.17 g/plant).

The important aspects governing the crop productivity are the type of
photosynthesis it exhibits i.e. whether C3 or C4 and influence of shade or the
amount of incident PAR. Since Zingiberaceae family exhibits C3 pathway it is
interesting to note the relationship between productivity and PAR in tree based
systems. Cj plants become light saturated at approximately 50 % of full sunlight
whereas C4 plants become light saturated at near full sunlight. If shading by the
tree crop does not reduce light levels below the threshold of light saturation, then
no reduction in photosynthesis (net assimilation), or ultimately crop growth or
yield, should occur. In simple words it means an overstorey tree species that
reduces light levels by no more than 50 % of full sunlight should allow an
understorey C3 species to operate at full photosynthetic potential, with no
appreciable loss of crop yield compared with the same plants grown in full
sunlight (Reynolds er al., 2007). By contrast, C4 plants are highly sensitive to
understorey light regime and exhibit considerable reduction of photosynthesis
even for slight reduction in light levels. Crops respond differently to depressed

light levels. In the present study lowest rhizome yield of all the three crops in
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homegarden consequence to lower understorey PAR (17 %) is in line with this
observation. The rhizome yield of all intercrops was relatively more in coconut

plot compared to in homegarden.

For continuous growth, plant requires regular and balanced access to the
plant requirements, viz., moisture, nutrient, space in addition to light, which are
adequately available under sole cropping than intercropping. There was delay in
attaining maturity and senescence in intercropping. There are reports about
different values with respect to optimum shade requirement of ginger. For
instance many workers have reported that inanimate shade of 25 per cent
(illumination level of 75 %) promotes ginger yield (Bai, 1981; Jayachandran e/
al., 1991; Verghese, 1989; George, 1992). Ghosh et al. (2006) reported the yield
of ginger was significantly high in the treeless open field compared to plots under
agroforestry system. Vikram and Hegde (2014) found significantly highest yield
of turmeric in treeless open conditions compared to cashew intercropping. Geetha
(2004) reported maximum yield of galangal at 50 per cent shade. These findings
suggest S0 % tolerance level may not be generalized for all the C; crops which

further depend on other factors such as crop variety.

Although ginger is generally regarded as a shade tolerant crop, the higher
ginger yield in tree-less plot can be partly based on varietal differences also. For
instance ‘Varada’ ginger variety has been reported to be less shade tolerant
(Kunhamu, 2006) while ‘Kuruppampady’ ginger variety performed better under
shade (Kumar ef al. 2001). Potty et al., (1979), found out among nine varieties of
turmeric tried as intercrop in coconut, ‘Sugantham’, ‘Wynad local’ and
“T. Sunder’ performed well yielding 18.9, 18.1 and 17.4 Mg ha™'of fresh rhizomes
under rainfed condition. Kumar ef al (2005) revealed that galangal was not
affected by light interception levels by the upper storey canopy up to 82 % of the
open. A number of medicinal and aromatic crops that are traditionally grown

outside forest also withstand deeper shade (Jha and Gupta, 1991).

The average mid day PAR recorded in coconut and homegarden was 37

and 17 % respectively. The lower understorey productivity under homegarden

:
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despite of better soil physico-chemical attributes is a clear indication of heavy
shade in the selected homegarden. Ecologically and economically viable
judicious efforts are needed to improve the understorey light regimes in
homegardens. This demands Kerala homegardens to maintain a stand structure
that is compatible for intercropping. Probably, we need to critically examine the
present species density and diversity and the possible stand management options
to regulate them such as judicious removal of certain trees/shrubs. Also it calls
for tree management practices such as pruning, lopping etc to improve the

understorey light regimes.
5.6 STAND LEAF AREA INDEX (LAI)

Maximizing the use of available resources and minimizing competition
between trees and crops are central to improving yields and overall productivity in
any agroforestry system (Cannell ef al., 1983). Trees minimize the amount of
solar radiation reaching to understorey crops through shading. The extent of
shade varies according to crown dimensions, tree phenology and leaf density. In
the present study, the spacing in coconut plantations was 7.5 m x 7.5 m and in
homegarden various tree species are placed densely resulting in close spacing. In
agroforestry practices, factors like LAI and crown development are of utmost
importance for standardization of spacing. The stand leaf area index recorded was
2.2] and 3.84 in coconut and homegarden. Findings in the present study are
consistent with the findings of many authors (Srinivasan, 2006; Kumar e/ al.,
2005 and Kumar er al, 2001). Stand density regulation may also influence the
stand LAI. For instance, Dendrocalamus strictus reported lowest LAl in widest
spacing (12 m x 12 m) and highest in closer spacing (4 m x 4 m) (Bhimappa
(2014). In monoculture systems, the competition between plants is mainly for
light, but in polyculture systems the plant competitive interaction is experienced

for both belowground and aboveground resources (Faget et al., 2012).

The higher LAI may distress the understorey crop growth in tree based
systems. This was substantiated by lesser dry matter production and rhizome

yield in coconut and homegarden compared to treeless open plot. On the similar
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lines Bhimappa (2014) noticed lesser dry matter production and rhizome yield in
close spacing’s compared to wide spacing’s of bamboo (Dendrocalamus strictus).
Nissen ef al. (1999) reported that both shading and belowground competition
decreased the yield of Brasicca oloracea in a eucalyptus based alley cropping
system in Philippines. Greater light extinction when stand LAI is more has been
reported by Kumar ef al. (2001). LAI is primarily a function of overstorey tree
species. The leaf spread and phyllotaxy significantly influence the net light
availability in the understorey. Results converge to the generalization that
information on factors such as PAR and LAI are indispensable for optimizing

understorey productivity in polyculture systems.
5.7 NUTRIENT ACCUMULATION

The growth and development of understorey crops may depend on
overstorey species, soil health and the accumulation of nutrients from the soil.
Further, the process of nutrient accumulation at different growth stages is a
function of climate, soil properties and crop variety (Thomas, 1998). Several
studies reveal that understorey crop nutrient accumulation is strongly correlated
with overstorey stand density, understorey PAR and the amount of plant nutrient
demand (Rowe ef al., 2001; and Goa et al., 2013). In general, maximum
accumulation of nutrients was exhibited in open followed by coconut and [east by
homegarden except for few variations. The wider spacing in coconut (7.5 m x 7.5
m) and higher PAR (37 %) may be the reason for coconut grown intercrops
showing relatively more accumulation than that from homegarden where tree

density and shade were highest (PAR =17 %).

Enhanced accumulation of nutrients in the rhizome is evident for most of
the intercrops grown in open condition. It could be by and large attributed to the
far better light conditions and the sub-optimal levels of belowground competition
for minerals in the open soil. The apparent increase in nutrient accumulation in
the open soil could be a temporary phenomenon contributed by the higher rate of
mineralization due to exposure. However, this will decline in due course with

repeated intercropping. Since the nutrient turnover in open system is very much
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limited compared to wooden system, there could be consistent decline in nutrient
content in open soils over time. However, the better nutrient cycling contributed
by perennial trees ensures continued nutrient build-up in wooded systems

ensuring sustained availability of nutrients to the intercrop.

Higher accumulation of N, P and K may also be due to higher root growth
and biomass of understorey crops in open. The root length in all crops was
invariably highest in treeless open except for mature galangal. Vandenbeldt ef al.
(1990) reported that soil nutrition and competition for soil water is dependent on
root distribution pattern. Plants with deep root system generally decrease
competition whereas shorter thick roots quickly deplete adjacent nutrient pools,
promoting steep and extensive nutrient gradients (Gillespie, 1989). Similarly
higher biomass productivity associated with treeless open grown crops also
reported. Ingestad and Agren (1988) noticed that root growth has larger effect on
nutrient accumulation leading to strong soil-plantation interaction. Similar results
were reported by Bhimappa (2014) in wide spacing of bamboo compared to close
spacing. In contrast, Bai (1981) observed an increase in N, P and K content in the
biomass with increasing intensities of shade. Similar observations were noted by
Sureshkumar (1997) in galangal. In the present study also galangal showed

higher nutrient accumulation in homegarden compared to coconut.

Total nutrient accumulation is primarily a function of nutrient
concentration and biomass production that explain the higher nutrient
accumulation in open grown crops. Generally nutrient concentrations in the
foliage and rhizome of all the crops followed the order of K>N>P. A similar
trend was noticed by Kunhamu (2006) in case of ginger. The foliar as well as
rhizome nutrient concentrations peaked with growing season, which corresponds

to the period of maximum vegetative growth.
5.7 SOIL CARBON SEQUESTRATION

Contrary to the intercrop growth trends, the total soil carbon stock
corresponding to one meter soil depth was found highest in homegarden (67.45

Mg ha™) followed by coconut (59.65 Mg ha™) and lowest in the treeless open
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plot (55.1 Mg ha™') respectively. Depth wise soil carbon stock showed
decreasing trend with increase in depth for 1 m soil profile. In open it varied
from 12.83 Mg ha™' at 0-20 ¢cm depth to 8.36 Mg ha™ at 81-100 cm soil depth.
In the same order it varied from 17.39 to 9.33 Mg ha™ in homegarden and 16.21
to 10.39 Mg ha” in coconut garden. Tree based land use systems have greater
potential of soil carbon sequestration than agronomic crops. A comparison
study of soil carbon stock under different land use system in Kerala reported
higher soil organic carbon stocks under tree based system like Forest (177 Mg
ha"), Homegarden (119 Mg ha™), Rubber plantation (119Mg ha™), and Coconut
(91 Mg ha") compared to Rice (54 Mg ha™'; Saha et al., 2010).

The Influence of tree on soil C storage differs among different tree species,
which differ in biomass production, tissue nutrient concentrations and their effects
on soil quality (Post and Kwon, 2000). Srinivasan ef al. (2010) estimated the soil
carbon stock in three MPTs interplanted coconut plot registered highest soil
carbon levels under Leucaena followed by Casuarina and Ailanthus interplanted
plots. Moreover surface soil showed highest organic carbon percentage as

compared to soil from deeper layers.

With respect to bulk density in the present study, there was an increase
with the increase in soil depth both in tree based landuse systems (homegarden
and coconut) and treeless open plots (Table 34). Bulk density at 0-20 cm depth
for homegarden, coconut open was 1.05, 1.12 and 1.17 g cm™ which
correspondingly increased to 1.2, 1.28 and 1.35 at 81-100 cm soil depth. Many
reports suggest such increase in bulk density with soil depth (Lemma er al.,
2006; Jangra et al., 2010, Singh et al., 2010, Tumwebaze et al., 2012,
Samritika, 2013). The top soil in tropical areas us usually low in bulk density
owing to the highly weathered soil rich in litter and organic matter which turns
harden with increasing soil depth. Such improvement in bulk density in
wooded systems is a regular feature owing to the long-term addition of organic

matter to the soil and root activity (Chandra et al., 2010). Above observation is
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strongly validated by the higher organic matter content in the soil under rubber

and cashew compared to open in the present study.

The consistent decline in organic matter content with soil depth is also
evident in the study, which is closely in tune with the bulk density changes. This
suggests a negative correlation between bulk density and organic content in
wooded soils. Similar results were corroborated by Samritika (2013) and
Tumwebaze et al., (2012) and they observed increase in mean bulk density with
soil depth and inversely with SOC. Pandey and Pathak (1975) stressed on higher
compaction and defloculation of soil particles (which considerably restricts the
capillary pore) to be an important reason for higher bulk densities in the treeless
control site. In addition to aboveground biomass additions, the belowground roots
contribute substantially in enriching the organic matter content of the soils
(Young, 1989). Factors like litter quality, quantity as well as litter dynamics are
the probable reasons behind differences in organic matter addition under different

species (Garg, 1998; Russell et al., 2007).

In general, soil organic carbon (SOC) concentration was highest at 0-20 cm
depth and thereafter it showed a decline in all the land use systems (Table 35). A
similar result was observed by Jangra es al. (2010) and Samritika (2013) in
Grevelia robusta plantation where SOC concentration was found to be highest at
top layer of soil and then decline with increase in depth. Gupta et al. (2009) and
Srinivasan ef al. (2010) also observed the same trend in poplar based agroforestry
system and coconut inter planted with MPTs respectively. Similar results were
observed by Tumwebaze ef al. (2012) under Grevillea robusta, Casuarina,
Maesopsis and Markhamia where the SOC at 0-25 cm depth was found to be
highest and least was observed at 50-100 cm for all the species. The higher SOC
in the shallow superficial soil may be ascribed to the higher litter fall and litter

decomposition in the surface soil of plantations which subsequently declined with

soil depth.

Among the two wooded ecosystems, homegarden maintained higher carbon

for all soil horizons. Presence of high carbon stocks in polyculture systems with
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multi-tier tree structure is evident in the present study too. However presence of
relatively higher carbon and nutrient contents in the farther soil depths in the
homegarden suggest the potential influence of trees in enriching deep soils layers
in wooded systems. Many reports also suggest higher soil C content at
subsequent soil depths. For instance, Hansen (1993) found that the soil carbon
gain was most significant in the 30-50 cm layer, which may be on account of
variable root distribution patterns (Kumar ef al., 1999). The soil carbon
sequestration findings of present study validate the influence of trees in building
organic matter and carbon stocks, making tree-based systems more relevant for

understorey productivity.
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6. SUMMARY

The research work entitled “Performance of selected medicinal herbs

under typical homegarden and pure coconut plantation” was undertaken during

2014-15 at Kerala Agricultural University, Vellanikkara to assess the understorey

productivity of the two tree based land management systems through

intercropping with three herbaceous medicinal crops viz. Zingiber officinale

(ginger), Curcuma longa (turmeric) and Kaempferia galanga (Lesser galangal).

The salient findings are summarized below.

1.

5.

Growth observations at final stages revealed maximum plant heights of
ginger and turmeric in shaded condition than treeless open. On similar
lines, lowest pseudostem length of ginger and turmeric was in treeless
open. With respect to leaf spread galangal performed well in the coconut
plot followed by homegarden and treeless open.
Root length of all the intercrops exhibited maximum values in open plot
except galangal for which coconut was the best. Invariably root
production was lowest in homegarden.
Tiller production at final stages showed highest in treeless open. Contrary
to the plant height growth trends, homegarden recorded lowest tiller
production at final stages.
Highest number of leaves for ginger was observed from coconut and least
in treeless open. Turmeric and galangal showed lowest leaf production in
homegarden.
Specific leaf area varied significantly among the intercrops across their
cropping regimes. Contrary to the growth trends the specific leaf area was
highest under homegarden grown ginger (174.51 cm? g") followed by
coconut and lowest in the open condition. The trends were similar for
galangal too with homegarden giving highest specific leaf area (180.01 cm?
g") while galangal in the open condition recorded lowest value. Coconut
grown turmeric showed higher specific leaf area (170.09 cm” g™") followed

by open with 139.66 cm? g™ and homegarden with 106.52 cm 2 g,
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Aboveground fresh weight was highest in open grown medicinal herbs
across the land use systems. Aboveground dry weight also followed the
same trend with maximum in open grown sole crops.

Fresh and dry rhizome yields per plant, was highest in treeless open for all
the land use systems. However, within the intercropped scenario all the
crops recorded higher fresh and dry rhizome weight per plant in coconut

and the lowest in homegarden.

. The rhizome yield of ginger at the final harvest was higher in open (3.46

Mg ha™) followed by coconut (2.86 Mg ha™') and homegarden (1.49 Mg
ha™). Conspicuous reduction in belowground dry weight was observed for
homegarden (56.93 %) as compared to treeless open while the reduction
was moderate under coconut (17.34 %).

Treeless open continued the higher rhizome yield for turmeric at final
sampling stage (7.02 Mg ha™") followed by coconut and homegarden with
423 and 1.77 Mg ha™* respectively. Conspicuous reduction in
belowground dry weight was observed for homegarden (74.78 %) as
compared to treeless open while the reduction under coconut was 39.74 %.
Galangal yields at final harvesting was consistently higher in the treeless
open (3.06 Mg ha') whereas coconut and homegarden recorded
comparatively lower values to the tune of 2.15 and 2.04 Mg ha
respectively.  Significant reduction in belowground dry weight was
observed for homegarden (33 %) and coconut (29 %) as compared to
treeless open.

Variation in net productivity was observed among the intercrops for
different landuse systems. Obviously the highest net rhizome yield was
observed for the treeless open for all the three intercrops with 2.2, 4.46 and
1.94 Mg ha' for ginger, turmeric and galangal respectively. Also
intercrop performance was better under coconut while lowest under
homegarden.

Mean photosynthetic photon flux density (PPFD) above the canopy ranged
from 212 p moles m™?s™” (8 am) to 1774 p moles m?s” (1-2 pm). Mean
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mid-day (12—13 hrs) understorey PAR levels ranged from 398 to 765
pmoles m?s™

The average mid-day PAR transmittance under the homegarden and
coconut canopies ranged from 17 to 37 % of the incident PAR above the
canopy.

LAI varied between the homegarden and coconut considerably with
homegarden giving more stand leaf area index (3.84) while the same for
pure coconut plantation was considerably low (2.21).

The oleoresin concentration in all the intercrops was found to be highest in
homegarden followed by coconut and open. Among the intercrops,
average oleoresin content was highest for turmeric (10.53 %) followed by
ginger (4.27 %) and galangal (2.51 %).

The chiorophyll content in all intercrops was invariably highest in
homegarden followed by coconut and the lowest in open plots.

Nutrient concentration (N, P & K) in the aboveground biomass for all
intercrops was consistently highest in open grown plants during all the
sampling stages except K in galangal at final stage, which was higher in
homegarden.

Bulk density showed an increasing trend with the increase in depth up to
Im from the surface layer. Among the landuse systems, desirable lower
bulk density was found associated with homegarden with an increasing
trend from coconut to open soil.

The soil organic matter content was highest in homegarden (1.02 %)
followed by coconut (0.87 %) and the lowest open plot (0.75 %) Soil
organic carbon percentage also followed the same trend as that of organic
matter content.

Total soil carbon sequestration at one meter soil depth was highest for
homegarden soil (67.45 Mg ha™) followed by coconut (59.65 Mg ha™) and
Jowest in the treeless open soil (55.1 Mg ha). Generally, soil carbon

stocks in treeless open plot reduced with increase in soil depths. The
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average soil organic carbon content followed the order 11.93, 13.49 and
11.02 Mg ha for coconut, homegarden and treeless open respectively.

The intercropping studies converges to the generalization that there is
fairly good scope for enhancing understorey productivity in mature stable
cropping systems in humid tropics such as coconut and homegardens.
However, judicious management practices at stand level and tree level are
necessary for improving the combined productivity in polyculture systems

especially homegardens.
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ABSTRACT

A field research was undertaken at Vellanikkara, Kerala to assess the
understorey productivity of coconut and homegarden through intercropping with
three selected herbaceous medicinal crops viz. Zingiber officinale (ginger),
Curcuma longa L. (turmeric) and Kaempferia galangal L. (galangal). These
landuse systems by virtue of spatial and temporal advantages offer good scope for
integrating shade tolerant crops and thereby offer supplementary returns to the
farmer. The biochemical changes in the understorey crops and the biophysical
attributes influencing the productivity of the land management systems were
studied. Additionally soil carbon sequestration in both the given land use systems

and a treeless open plot was estimated.

The intercrop growth considerably varied among the land use systems both
in vegetative growth and rhizome yields. Growth observations at various
sampling period revealed considerably higher plant heights of ginger and turmeric
in shaded condition than treeless open. As regards leaf spread galangal performed
well in the coconut garden followed by homegarden and treeless open. All the
intercrops exhibited higher root length in treeless open plots, except galangal for
which coconut was the best. Invariably root production was lowest in
homegarden. Tiller production at final stages showed highest in treeless open.
Contrary to the plant height growth trends, homegarden recorded lowest tiller

production at final stages of sampling.

Understorey productivity for ginger in terms of rhizome yield at final
harvest followed the order treeless open (3.45 Mg ha™), coconut (2.86 Mg ha™),
and homegarden (1.49 Mg ha’'). Turmeric rhizome production showed
considerable variation with intercropping system with highest yield from open
area (7.01 Mg ha”) and the lowest from homegarden (1.77 Mg ha™). Highest
Galangal yields were reported in the treeless open (3.05) while homegarden
represented lowest production (2.04 Mg ha™). Understorey photosynthetically
active radiation (PAR) transmittance presumed to have a cardinal influence on

intercrop growth which was highest for coconut (37%) and lowest under



homegarden (17%). Turmeric and galangal showed strong positive correlation
with understorey PAR. Regression equation relating PAR with rhizome yields

showed statistical soundness with high value of coefficient of determination .

Leaf Area Index varied between the homegarden and coconut
considerably with higher value for homegarden (3.84) while the same for pure
coconut plantation was considerably low (2.21). The oleoresin concentration in
al] the intercrops was found to be greatest in homegarden followed by coconut
and treeless open. Soil physico-chemical attributes were assessed at periodic
intervals in all the landuse system and results indicate overall better condition
prevailed in the homegarden in terms of organic carbon content, soil bulk density,
total N, available P and exchangeable K which however registered lowest values
in the treeless open. Similar was the trend in soil carbon sequestration with
homegarden giving higher values (67.45 Mg ha") followed by coconut (59.65 Mg
ha™) lowest by treeless open soil (55.1 Mg ha™).

Result converges to the generalisation that despite better soil physico-
chemical attributes, understory productivity in the homegarden is by and large
decided by the PAR availability. Hence there is need to develop stand structure
that optimize the productivity in homegarden through judicious stand density

regulation and tree management practices.
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Appendix 1. Weather parameters during the experimental period (Jan 2014 to Dec 2014)
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