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Title: SCREENING OF LEAFY VEGETABLES UNDER MAHOGANY TREE 

Swielenia mahagon) BASED ACROFORESTRY SYSTEM 

ABSTRACT 

The experiment was conducted at Central farm of Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka, Bangladesh to screening of some leafy vegetables under 

mahogany tree based agroforestry system. In this study the 25 years old previously 

established mahogany tree were used as tree components. As leafy vegetable Kalmi, Red 

Amaranth, Indian Spinach and Stem Amaranth were used. The experiment consists of two 

factors: Factor A: Orientation of planting (2) - 0: East facing, 02: West facing; Factor B: 

Distance of planting (5 levels)- Do: Planting leafy vegetables under Ml sunlight, Dj: Planting 

leafy vegetables 3.5 m apart from mahogany trees, 1)2: Planting leafy vegetables 4.0 m apart 

from mahogany trees, 1)3: Planting leafy vegetables 4.5 m apart from mahogany trees and 1)4: 

Planting leafy vegetables 5.0 m apart from mahogany trees. The experiment was conducted with 

Randomized Complete Block (RCI3D) with three replications The result revealed that, due to 

orientation of planting, in case of Kalmi, Red Amaranth, Indian Spinach and Stem Amaranth, 

the tallest plant,the highest yield and light intensity was recorded from 0, where light 

intensity and soil moisture were maximum. Soil temperature was minimum. On the other 

hand yield of four leafy vegetables were the lowest at west facing (02). Light intensity and 

soil moisture were minimum. Soil temperature was maximum. The yield of four leafy 

vegetables were the best from 4.5 m apart from Mahogany trees (03). On the other hand yield 

of Kalmi, Red Amaranth, Indian Spinach and Stem Amaranth were the lowest from 3.5 m 

apart from Mahogany trees (131). Light intensity was the highest at treatment combination of 

02D0  and the lowest light intensity was observed at treatment combination oIO2D2. The yield 

per hectare (41.22, 44.82. 55.53 and 44.25 ton, respectively) of four leafy vegetables were 

superior at east facing 4.5 m apart from Mahogany trees (01133) where, soil moisture was the 

highest. On an average the lowest yield per hectare (25.13, 26.56, 37.01 and 23.22 ton, 

respectively) of four leafy vegetables were observed at west facing 3.5 m apart from 

Mahogany tree line (021)3) where the lowest soil moisture was observed and the soil 

temperature was comparatively higher. 
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CHAPTER 1 

INTRODUCTION 

Bangladesh is a thickly populated small country with an area of 147,570 km2and 

the population of the country is 152.25million (BBS, 2013). The country has a 

land area of 14.39 million hectares and per capita land area is decreasing at an 

alarming rate of 0.005 ha/capita/year since 1989 (Hossain and Ban, 1996). As a 

result. there is a tremendous pressure on the natural resources of the country. 

Considering the two dominant development paths, rapid economic growth through 

industrialization and agriculture, forests are continuously deleted at an alarming 

rate. This put heavy pressure on land for human habitation and crop production. 

About 31.60% of the gross domestic product of Bangladesh is contributed from 

agriculture sector (BBS, 2011 ).Forestry plays an important role in maintaining 

environmental equilibrium and socio-economic implementation of the people. A 

country needs 25% of forest land of its total area for ecological stability and 

sustainability. Unfortunately, Bangladesh is endowed with only 17% of unevenly 

distributed forests (BBS, 2013). Substantial depletion of forest resources has 

occurred in the last few decades and now it is reduced to less than 0.02 ha per 

person. one of the lowest ratios in the world (BBS, 2013). Under these alarming 

situations, agricultural production as well as forest resources must be increased by 

using modem or new techniques. 

Agroforestry is considered as one of the new and sustainable techniques which is 

useful for ecological balance as well as ensure dietary materials. Agroforestry is 

an age old practice in Bangladesh, further development may be brought for 

harvesting maximum benefit by identification of appropriate tree-crop 

combination. Agroforestry, the integration of the tree, crop and vegetable on the 

same area of land is a promising production system for maximizing yield (Nair, 

1990) and maintaining friendly environment. Growing of crops/vegetables in 

association with trees is becoming popular day by day for higher productivity, 

versatile/multipurpose use and environmental consciousness among the peoples 



(Sheikh and Khaleque, 1982). Forestry with agricultural crop can provide a sound 

ecological basis for increased crop and forest productivity, more dependable 

economic returns, and greater diversity in social benefits on a sustained basis 

(Rahim. 1997; Franis, 2001). Lundgren and Raintree (1982) stated that 

agroforestry is a collective name for all land use systems and technologies where 

woody perennials are deliberately used on the same land management units as 

agricultural crops and/or animals in some form of spatial arrangement or temporal 

sequence. So, this practice can address the forest scarcity as well as the demand of 

agricultural production. 

in Bangladesh Kalmi, Red Amaranth, Indian spinach, Stem amaranth are some of 

the important summer vegetables. To meet up farmer's timber and fuel wood 

demand rural household planted large number of saplings of these species in their 

cropland, homestead, and other fallow lands at block plantations, strip plantation, 

woodlot plantation, and scattered plantations (Haque, 1996). For identifying the 

compatible tree-crop combination, particularly understory species i.e. different 

crops should be screened out in terms of their adaptability and yield in association 

with the early stage of tree. Thcrefore, it is necessary to conduct experiments 

under different tree crop or vegetables combination for screening of different 

crops in terms of their growth and yield performance. Considering the 

aforementioned facts and potentiality, a sn.idy was undertaken to fortify the 

following specific objectives: 

To characterize the morphological and physiological changes of four lea& 

vegetables under reduced light intensity created by Mahogany tree based 

agroforestry system ; and 

To evaluate the yield and yield contributing characters of four leafy 
vegetables under reduced light intensity of Mahogany tree based 
agroforestry system. 
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Review of literature 
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REVIEW OF LITERATURE 

This research has been undertaken to screening of some leafy vegetables under 

mahogany trees based agroforestry system. Literatures related to these aspects are 

very scanty and not conclusive in our country and also in abroad. Therefore, 

literatures related to the performance of crops in tree-crop agroforestry system and 

characteristics of tree species which were collected through reviewing ofjournals, 

thesis, internet browsing, reports, newspapers, periodicals and other form of 

publications are presented in this chapter under the following headings- 

Concept of Agroforestry 

Recently. International Centre for Research in Agroforestry (ICRAF,2006) 

defined. "Agroforestry as a dynamic, ecologically based natural resources 

management system that through the integration of trees on farmland and in the 

agricultural landscape, diversifies and sustains production or increased social, 

economic and environmental benefits for land users at all levels." 

Vergara (1982) defined agroforestry as a "system of combining agricultural and 

tree crops of various longevity (ranging from annual through biennial and 

perennial plants), arranged either temporally (crop rotation) or spatially 

intereropping to maximize and sustain agricultural production." 

According to Nair (1983) agroforestry is a collective name for all land use 

systems and technologies where woody perennials (trees, shrubs, palms! bamboo 

etc.) are deliberately grown on the same land management unit as agricultural 

crops and/or animals either in spatial mixture or in temporal sequence. 

From a bio-eeonomic point of view. Harou (1983) stated that agroforestry is a 

combined agriculture-tree-crop farming system which enables a farmer or land 

user to make more effective use of his land which may yield a higher net 

economic return on a sustainable basis. 

3 



From a business point of view, Saxena (1984) reported that agroforestry is an 

economic enterprise which aims to produce a combination of agricultural and 

forest crops simultaneously. Aagroforestry utilizes the inter space tree rows for 

intercropping with agricultural crops this does not impair the growth and 

development of the trees but enables farmers to derive extra income in addition to 

benefits accrued from the use of fuel and timber from trees. 

Ong (1988) reported that by incorporating trees with amble crops, biomass 

production per unit area could be increased substantially when the roots of trees 

exploit water and nutrients below the shallow roots of crops and when a mixed 

canopy intercepts more solar energy. 

MacDicken and Vergara (1990) stated that agroforestry is a means of managing or 

using land (i.e. a land use system) that combines trees or shrubs with 

agricultural/horticultural crops and/or livestock. 

lhatia and Singh (1994) observed that the agroforestry in India plays an important 

role in increasing biomass production, maintaining soil fertility, conserving and 

improving soil and averting risk. 

Groot and Soumare (1995) observed that decomposition of tree roots and dice 

substances of the root exudes greatly enhance soil organic matter and thereby soil-

fertility. Tree lateral roots may reduce loss of nutrients from the soil by recycling 

them that would have been otherwise leached from the system. Taproots may take 

up nutrients, which are released by weathering from deeper soil layers. 
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Characteristics of Tree Species in Agroforestry Systems 

Selection of suitable tree species is vital in an agroforestry system. Nair (1980) 

considered the most choice of suitable plant species that can grow together as 

important factor in ensuring the sources of agroforestry. Generally in the country. 

there are several challenges in crop and timber production that need to be 

overcome in order for forestry and tree related activities to greatly contribute to 

national development (Okorio a at, 2003). The most appropriate species for this 

system remains an open question for research. King (1979) listed the 

characteristics at tree species that should be grown with agricultural crops: 

They should tolerate relatively high incidence of pruning; 

They should have a low crown diameter to bole diameter ratio; 

They should be light branching in their habit; 

They should be tolerant of side shade; 

Their phototaxy should permit penetration of the light of the ground; 

Their phenology, particularly with reference to leaf flushing and leaf fall, 

should be advantageous to the growth of the annual crop in conjunction 

with which they are being raised; 

The ratc of litter fall and litter decomposition should have positive effect 

on the soil; 

The above ground changes over time in structure and morphology should 

be such that they retain or improve those characteristics, which reduce 

competition for solar energy. nutrient and water; 

Their root system and root growth characteristics should ideally result in 

exploration of soil layers that are different to those being tapped by 

agricultural crops. 
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Rachie (1983) pointed out the following factors to be considered during the 

selection of woody legumes for intercropping with annuals in the low land tropics: 

Ease of establishment from seeds or seedlings; 

Rapid growth and high productivity of foliage and wood; 

Limited maximum size (may be optimum in small trees); 

Good cropping ability; 

Effective nutrient recycling abilities specially N2  fixation; 

Multiple uses: food, feed. lire wood, construction materials and other 

products and services (shade, shelter etc.); 

Minimal competition with shallow rooted annuat crops; 

Small leatlets readily detached when dried and quickly decomposed when 

used as fertilizer; 

Good tolerance for drought. low fertility and others; 

Freedom from pests and diseases; and 

Ease of control of eventual elimination. 

Hegde and MacDicken (1990) pointed out some, criteria for planting trees under 

the agroforestry system: a) Non-interference with arable crops, b) Easy 

establishment c) Fast growth and short gestation period, d) Non-allelopathic 

effects on arable crops, e) Ability to fix atmospheric nitrogen, 1) Easy 

decomposition of litter, g) Ability to withstand frequent lopping multiple uses and 

high returns, and h) Ability to generate employment. 

However, it is not possible to select having all the above mentioned criteria. 

Therefore, it is necessary to select which plants have most of the characteristics 

and are adapted to local soil and environmental condition. 



Tree-crop Agroforestry Systems and its Structure 

Akter ci at, (1989) mentioned that farmers also considered tree as savings and 

insurance against risk of crop failure and low yield, as well as assets for their 

children. Some farmers stated that tree would contribute towards expenses for 

marriage of their daughters. In tree crop agroforestry system tree species are 

grown and managed in the farmland along with agricultural crops. The aim is to 

increase the overall yield of the land. This system is also based on the principle of 

sustained yield (Nair, 1990) 

According to Miab ci aL. (1995) Agroforestry system that incorporates a range of 

tree and crop species offers much more scope for useful management of light 

interception and distribution than monoculture forests and agricultural crops. 

Solanki (1998)   stated that Agroforestry significantly contribute in increasing fuel 

wood, fodder, cash income and infrastructure in many developing countries. He 

also stated that Agroforestry has high potential to simultaneously satisfS' three 

important objectives: (i)From a business point of view, Agroforestry is an 

economic enterprise which aims to produce a combination of agricultural and 

forest crops simultaneously oil the same land area protecting and stabling the 

ecosystems, (ii) producing a high level of output of economic goods (fuel, fodder, 

small timber, organic fertilizer, etc.) and (iii) providing stable employment, 

improved income and material to rural populations. 

Performance of Crops in Agroforestry Systems 

The performance of different crops to the agroforestry systems was different. The 

performance of held crops in agroforestry systems is influenced by the tree and 

crop species and their compatibility, spacing, compatibility; between tree lines, 

management practices, soil and climatic factors. 

Muthukrishnan and Irulappan (1986) studied the variability of 95 accessions of 

Abelmoschus esculenius and Abelmoschus ,nanihot and they found significant 

differences among the accession for all the characters studied viz, plant height. 

VA 



plant spread, number of primary branches per plant, days to flowering, nodes 

when the first flower appear, number of leaves per plant, leaf length, leaf breadth, 

petiole length, number of pod per piant, pod weight and total yield variability 

were greatest. 

Primak and Shelepora (1989) carried out an experiment in tomato plants grown 

under a low light intensity and found that there was a marked decrease in the 

photosynthetic surface area of chloroplasts and a reduction in chloroplast numbers 

per unit area in the cotyledons of varieties with high light requirements compared 

with cotyledons from plants of the same varieties a high light intensity. In shade 

tolerant varieties these difference were less marked. 

Above and below ground interactions in alley cropping were critically examined 

by Singh ci at, (1989) who found that growth and yield of crops declined from 

15% to 30% than that of sole crops as the distance from the tree rows decreased 

from 5 m to 0.3 in. 

Akhar et at, (1990) reported that wheat yield under different tree species 

(Mulberry, Sins. Ipil-ipil) did not show any significant difference as compared to 

control yield. 

Cockshull et al., (1992) carried out an experiment frwer than two shade 

treatments (light shade and heavy shade) in tomato plants and reported that both 

two-shade treatments reduced the total fresh weight yield of fruit by 7.5 and 

19.95% and the estimated total above ground biomass by 6.2 and 16.5% 

respectively. Shading reduced average fruit size and also reduces the proportion of 

fruit in the larger size grades. Heavy shade also reduced the incidence of uneven 

ripening in summer. 

hang et al., (1994) reported that tree crown had no significant effect on the 

number of effective spikelets and grains of wheat but it affected total grain yield 

and 1000-grain weight, with the size of the effect on crop, depending on the 

distance from the trees. 
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Nasiruddin et al.. (1995) conducted an experiment in two cultivars of tomato 

under different shading condition and reported that shading increased plant height, 

the tallest plants were those of Marglobe (157.82 cm) in complete shade treatment 

(black polythene shade) and the shortest was Rama VP controls (83.38 cm) in 

natural light (no shade). The number of fruit per plants decreased with the 

increase of shading. But fruit size was greatest and colour was brightest under 

partial shade (coconut leaves shade). Shading decreased yields of Rama VF and 

Margiobe from 2.593 and 2.383 kg/rn2  in controls to 2.303 and 2.114 kg/rn2  

respectively. 

Miah ci' at. (1995) reported that the mean light availability on crop rows 

decreased as they approached the tree rows across the alleys. The rate of decrease 

was greater in unpruned than in pruned alleys. Rice and mungbean yield 

decreased more in pruned conditions (13 kg/ha) than in unpruned conditions (9 

kg/ha). 

Leonardo (1996) reported that shading (60% light reduction) reduced vegetative 

and fruit growth. Shading increased plant height and reduced chlorophyll content. 

Stomata density, transpiration rate and photosynthesis rate, yield of peppers 

decreased with increasing the amount of shade levels. 

Healcy ci' at, (1998) reported that level of incident radiation reduced by 25% 

under shade-cloth decreased final yield and final leaf index, but increased canopy 

leaf, nitrogen concentration and radiation uses efficiency. A similar level of 

reduced incident radiation under solar weave shade-cloth increased final yield and 

radiation use efficiency (46-50%). 

Hocking and Islam (1998) conducted an experiment over a five year period for 

four crops grown under 17 tree species at 8 x 8 in spacing in wetland rice field 

and found that all tree species grew well, in rice fields. at rates cornparable to their 

growth in forest plantations. Top and root pruning reduced avenge tree girths by 

up to 19% and average tree volume by up to 41% depending on intensity of 
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pruning. The crops monitored were Oryza saliva. Triticum aestivurn, and Lens 

cu/mans. Crop yields under the trees averaged 93% of the corresponding yield 

outside the tree canopy. 

Zheng and Li (1998) reported that, shading decreased dry weight by 30.98 to 

74.33% with the smallest effect in cv. 1239-F 2121-0. N case of Tomato in green 

house showed no effect of shading on specific leaf weight and decreased by up to 

40.03% and the leaf area by up to 32.21%. Shading increased plant height 

decreased plant dry weight at flowering. 

Solanki (1998) stated that in an agroforestry system where agricultural crops are 

normally grown between rows of fruit trees, the agricultural crops provide 

seasonal revenue, whereas fruit trees managed for 30-35 years giving regular 

returns of fruit and in some cases fuel wood from pruned wood and fodder. 

Several kinds of crops are also under planted to take the advantage of shade 

provided by the canopy of fruit trees. 

Ali (1999) reported that shade has pronounced effect on morphological characters 

of many crops. It iniluences plant height, stem diameter, internodes length, 

number of primary branches per plant, leaf number per plant, leaf size, thickness 

and leaf area etc. plant height increases gradually with the decrease of light levels 

in okra. 

Difference in number of primary branches per plant due to shading is important 

because it contributes maximum towards the yield of grain legumes. The lower 

number of branches under shaded condition might be due to higher auxin 

production in plant growth under shaded condition. This ultimately suppressed the 

growth of lateral branches (Miah et al. 1999). 

Souza et at, (1999) studied the effect of 3 levels of shading (0, 30, and 50%) on 

the development and tuberous root yield of radish (Raphanus sativus) under field 

conditions and reported that 50% level of shading increased the plant height, life 

cycle, foliar area and reduce leaf chlorophyll content and the tuberous root yield 
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where the plant were evaluated at 7, 14. 21 and 28 days after emergence. The 30% 

level of shading did notreduce the size or weight of the root. 

Bisht ci at. (2000) showed that yield of turmeric and different fodder trees 

affected ginger significantly. Both turmeric (12.04 i/ha) and ginger (7.98 

i/ha) gave the highest yield with (Quercus leuco/richophora,). However, the 

highest green forage, yield from trees was harvested from Bauhinia 

variegate (7.7 kg/tree). There was a negative correlation (r = -0.77) between 

light intercepted by the trees and yield of ginger and turmeric. 

Onwveme and Johnston (2000) studied the effect of shading on stomatal density, 

leaf size, leaf dry matter and leaf lamina thickness in the major tropical root and 

tuber crops: Tannic (Xanthosorna sagitt(foliurn), Sweet potato (Ipomoca hasalas), 

Yam (Dioscorea esculenla) and Taro (('olocasia esculenta). They should that 

shading decreased stomatal density in the lower epidermis of tannic, Sweet potato, 

Yam and Cassava. Taco under shade had an increased stomatal density in both the 

upper and lower epidermis shading generally resulted in the production of larger 

size of leaves but thinner leaves in Tarn. Sweet potato and Yam. 

Adams es at. (2001) reported that the effect of different fruit removal and 

lighting/shading treatments on the pattern of amaranth (Amaranthus lividus), 

yields. While the removal of flowering trusses resulted in a yield loss about eight 

weeks later. Acre was little loss in cumulative yield as assimilates were 

distributed to neighboring trusses. Increased photosynthetic photon flux density 

(PPFD) for one week resulted in a period of increased yield from 4-6 weeks alter 

the start of the treatments followed by suppressed yields due to smaller fruits on 

subsequent trees. Fruit size remained fairly consistent (except when fruit removal 

treatments were applied), whereas the number of fruits picked per week exhibited 

much greater variability. 

Liu c/ al.. (2002) reported that the effects of three levels of irradiance (205.60 and 

100% of full sun light at early flowering, peak flowering and late flowering stages 



on the photosynthetic activity and yield of tomato that three levels of irradiance 

were imposed for 8 days swing artificial shade net placed 2m above the plots 

shading increased the stomatal conductance and intercellular carbon dioxide 

concentrations and reduced midday photosynthetic rates at the early and peak 

flowering stages. However, plants at the flowering stage irradiated with 60% of 

the total sunlight showed increased net photosynthetic rates, total dry matter 

production and yield. 

Senevirathna et at, (2003) compared the growth, photosyntehtie performance and 

shade adaptation of rubber (1-fevea brasiliensis genotypes PRRIC 100) plant 

growing in natural shade (33. 55 and 77% reduction in incoming radiation) to 

control plants growing in full sunlight. Stem diameter and plant height was 

greatest in plants grown in full sunlight and both parameters decreased with 

increasing shade. Total plant dry mass was highest in control plants and lowest in 

plants in 77% shade. Expansion of the fourth leaf whorl, monitored at 5-6 MAP, 

was slowest in plants in 77% shade and fasted in shade less plants, which had 

more leaves and higher leaf areas and inter whorl shoot lengths with increasing 

shade, specific leaf area was increased whereas leaf weight ratio and relative 

growth rate were decreased. 

R.ahman et al., (2004) reported that except plant height all others morphological 

characters viz, no. of branches plant", no. of fruit plant', fruit length, fruit 

diameter and fruit weight of three vegetables (Tomato. Brinjal, Chilli) were 

highest in open field condition. Among the different agroforestry system. highest 

yield was obtained in Horitoki - Lemon - Vegetable based agroforestry system. 

Chipungahelo et al., (2007) reported that leaf morphological characteristics 

growth and development were influencedby light intensity in case of sweet potato. 

Specific leaf area values in full light were smaller than those under heavy shade. 

The light intensitysignificantly increased the cowpea seed yield. In low intensity, 

pineapple flowered earlier and yielded more than in high intensity. 
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Islam et al.. (2008) conducted an experiment to evaluate the performance of 

winter vegetables under Guava-Coconut based multistrata system. The result 

revealed that significantly vigorous plant growth as well as tallest plants were 

found under reduced light level whereas maximum yield plof'and yield ha1were 

recorded under fill sunlight condition. 

Basak el cii.. (2009) reported that the yield contributing characters of the 

vegetables increased gradually with the increase of planting distance from the tree 

and the growth characters of Zylia dolabiformis tree were higher in association 

with Soybean than Tomato and Radish. 

Bari and Rahim (2009) found that multistrata agroforestry systems (MAF) with 

different tree spacing had significant influence on the root yield of Carrot. The 

highest carrot root yield (29.87 t h&'in 2005 & 29.24 t hi'in 2006) was recorded 

under sole cropping which was followed by the wider and intermediate spacing of 

sissoo - lemon based MAF. The reduction in yield of carrot compared to sole 

cropping was more at closer spacing of MAF. 

Sayed c/ al., (2009) showed that highest production of vegetables (such as red 

amaranth, stem amaranth. kalmishak. palangshak and Indian spinach grown under 

Telsur saplings at different distance) were recorded in control condition (without 

tree) which was significantly similar with 3 and 4 feet distance from the tree base 

and the lowest was observed under one feet distance which was almost similar 

with 2feet distance. The growth characteristics of Telsur was significantly 

influenced by the vegetables. Khatun ci al. (2009) showed the similar results were 

comparable to that of the pure crop. Trees at the density of 200 trees ha4  provided 

a conducive microenvironment to the intercrops. 

Islam ci al.. (2009) reported that morphological characteristics of winter 

vegetables, leaf length, leaf diameter, stem girth, fresh and dry weight decreased 

consistently with the decrease of distance from the tree. The growth 
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characteristics of 1-/opea odorata was significantly influenced by all the three 

winter vegetables (red amaranth, stem amaranth & coriander). 

Ding and Su (2010) reported that tree shading reduced the crop yield by 27 and 

22% in western and eastern regions, respectively, and also, mean crop yield for 

western side was 23% lower than eastern side. 

Monim et al.. (2010) reported that monoculture produced the highest yield of 

individual crops. Al! the intercropped and treatments involves red amaranth, 

spinach, coriander were found agronomically feasible and economically 

pro Ii table, 

Arya a at, (2011) suggested that in growth and yield performances of trees as 

well as annual crops grown in combination under tree-crop farming. Plant growth 

and yield of all component crops were higher when grown under conjugation as 

compared to their sole cropping. 

Habib a at. (2012) studied that the performance of summer vegetable in 

association with Xylia do/abiformis tree on summer vegetables. The results 

showed that the yield of the summer vegetables increased gridually with the 

increase of planting distance of the tree. 

Ahmed (2012) found that the kankong and jute yield were gradually increased 

with increasing distance from alcashmoni tree base. However, the vegetables yield 

had reduced remarkably at 5feet distant from tree base. Both kankong and jute 

successfully cultivated along with 2 years old Akashinoni tree without significant 

yield loss. 

Babu (2012) conducted an experiment to study the growth and yield of two winter 

vegetablesi.e. chilli and sweet gourd under different spacing from Eucalyptus tree, 

and he found that all the parameters i.e. plant height, diameter, leaf length, leaf 

diameter, no. of fruits plant1, yield were increased gradually with increasing 
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distance from Eucalyptus tree. It concluded that boundary plantation of 

Eucalyptus has negative effect on the growth and yield of chilli and sweet gourd. 

Ummah (2012) reported that among the morphological parameters of bottle gourd 

such as vine length, no. of leaves, no. of fruits, weight of fruits, no. of branch and 

yield were decreased gradually when distance reduced in association of Mahogoni 

tree. 

Bali (2012) conducted an experiment to study the growth and yield of winter 

vegetables i.e. okra under different spacing from Lemon and Guava tree, and he 

found that all the parameters i.e. plant height, leaf length, leaf diameter, number of 

fruits plant-', yield were increased gradually with increasing distance from lemon 

and guava tree. 

Rahman (2012) evaluate that the growth performance of two winter crops viz. 

mustard andsweet gourd grown under 2 years old akashmoni tree saplings of four 

different distances. The result showed that among the morphological 

characteristics of winter crops plant height, length of branch, no. of siliqua per 

branch, length of siliqua, vine length. fruit length, no. of fruit, and fruit diameter 

increased consistently with the increase of distance from sapling. The growth 

characteristics of Akashmoni (Acacia auricul(formis)  significantly influenced by 

the interaction of the crops. 

Anwar (2013) conducted an experiment to study the growth and yield of winter 

vegetables i.e. bottle gourd under different distance from Mahogoni, Akashmoni 

and Lambu tree and he found that all the parameters i.e plant height, number of 

leaves plant", branches plant", average number of male and female flower plant', 

fruits plant', average weight of fruit, length of fruits, girth of fruit, fresh yield, dry 

yield, yield were increased gradually with increasing distance from Mahogoni, 

Akashmoni and Lambu tree. The results of the experiment revealed that the yield 

of bottle gourd was increased gradually with the increase of planting distance 

from the tree. 
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Mallick el at, (2013) conducted an experiment to study the growth and yield of 

strawberry fruit under different distance from lohakat tree and she found that 

morphological characteristics viz, plant height, no. of leaves per plant. leaf size, 

leaf area (cm2), number of flower per plant, number of fruit per plant, fruit length 

(cm), fruit girth (cm), fruit weight (g) of strawberry was less vigorous near the 

Lohakat tree base. Highest number of flower per plant (52.87), fruit per plant 

(31.13) and percent fruit setting (58.88) were in open field condition which were 

almost identical in I.0-1.5m distance area (51.83, 30.45 and 58.75%) and lowest 

value was recorded inO-0.5m distance area (26.08. 12.03 and 46.13%) from tree 

base. Maturity period of strawberry fruit decreased with decreasing distance from 

tree base and average maturity period was 1 8.Odays and it ranges from 13-25 

days. Individual fruit weight was highest in open field condition (17.81g) 

followed by 1.0-1.5m(17.53g), 0.5-1.0m (I 1.8g) and 0-0.5m (7.45g) distance area 

from Lohakat tree base. Yield of fruit was highest in open field condition 

33.00tIha which was 3.73, 56.35 and 83.84% lower inl.0-1.5m, 0.5-1.0m and 0-

0.5m distance area from Lohakat tree base, respectively. 

Rakib (2013) conducted an experiment to study the growth and yield of winter 

vegetables i.e. radish under different distance from Mango, Lemon and Guava 

tree, and he found that radish as vegetables and seed production was gradually 

increased with increasing distance from the tree base. Yield of radish as 

vegetables and seeds was highest in open field condition. However, radish as 

vegetables in association with mango reduced by 3.43%. 28.32%. and 49.85% and 

as seed yield reduced by 15.38%, 38.46% and 69.23% respectively in 3M-4.5 feet, 

1.5-3.0 feet and<1.5 feet distance from tree base. Radish as vegetables in 

association with guava tree reduced by 10.84%, 39.26% and 58.94% and as seed 

reduced by 30.77%, 46.15% and 73.03% respectively in 3.0-4.5 feet, 1.5-3.0 feet 

and <1.5 feet distance from tree. Radish as vegetables in association with lemon 

tree reduced 22.5%, 50.68% and 74.20% and seed yield reduced by 

46.1 5%,6 1.54% and 80.76% respectively in 3.04.5 feet. 1.5-3.0 feet and <1.5 feet 

distance from lemon tree base. Both as vegetable or seed production of radish in 
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association of these three fruit trees are rank as Mango> Guava> Lemon. Growth 

of all fruit trees was observed as height and girth increment. Height and girth 

increment of Mango, Guava and Lemon tree was little bit higher under control 

(without radish) condition. 

lJddin (2013) evaluates the growth performance of winter crops viz, carrot grown 

under Akashmoni tree saplings of different distances. The result showed that 

among the morphological characteristics of winter crops plant height, no. of 

leaves/plant, length and breadth of leaves, no. of branches/plant, weight of 

leaves/plant, weight of stem/plant, leaf stem ratio, increased consistently with the 

increase of distance from sapling. The growth characteristics of Eucalyptus were 

significantly influenced by the interaction of the crops. 

Rahman (2013) conducted an experiment to study the growth and yield of three 

winter vegetables i.e. chilli, radish, and sweet gourd under different distance from 

Akashmoni tree, and he found that all the parameters i.e plant height, no. of leaves 

plant'1 , no. of branches plant",leaf size, no. of fruits plant", average no. of male 

and female flower plant", length of fruits, girth of fruit, no. of fruits plant", 

average weight of fruit, fresh yield, dry yield, yield were increased gradually with 

increasing distance from Akashmoni tree. 

Flasan (2013) evaluates the growth performance of two winter crops viz, radish 

and bitter gourd grown under Eucalyptus tree saplings of different distances. The 

result showed that among the morphological characteristics of winter crops plant 

height, no. of leaves/plant, length and breadth of leaves, no. of branehes/ plant, 

weight/plant, weight/fruit, fresh and dry yield, increased consistently with the 

increase of distance from sapling. The growth characteristics of Eucalyptus were 

significantly influenced by the interaction of the crops. 

Farhana (2013) conducted an experiment to study the growth and yield of winter 

vegetables i.e. spinach under different distance from lohakat tree, and she found 

that the growth and yield of spinach in association with Lohakat tree. The result 
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showed that morphological characteristics viz, plant height, no. of leaves per 

plant, leaf size, weight (fresh and dry) per plant of pinach was less vigorous near 

the Lohakat tree base. Yield as vegetable was highest in open field condition 

which was 13.13 tiha which was 2.5, 15.18 and 24.98% lower in I.0-1.5m. 0.5-

1.0mand 0-0.5m distance area from Lohakat tree base, respectively. In every 

period of observation it was found that morphological parameters of spinach were 

remarkably less vigorous in close contact of Lohakat tree. Seed yield of spinach 

was also highest in open field condition which was 13.13 tlha which was almost 

identical in the area 1.0-1.5m from tree base. Seed yield remarkably reduced in 

the near area of Lohakat tree and it was 37.06 and 69.30% lower in 0.5-l.Om and 

0-0.5m distance area from Lohakat tree base, respectively. 

Effect of Shade on Plant Growth and Development 

Alley cropping Agroforestry systems has been emerged as a sound technology 

where tree leaves are periodically pruned to prevent shading the companion crops 

(Kang et al., 1984). 

The partial shading (45-50% of normal light) at 15 days after transplanting 

reduced grain yield of rice by 73% because of reduction in number of panicles per 

plant (5 1.50%), number of grain per panicle (16.70%) and increase in number of 

unfilled spikelet's(4l.1O%) in 25 rice cultivars(Jadhav, 1987). 

Rao and Mittra (1988) observed that shading by taller species usually reduces the 

photosynthetically active radiation. Photo-synthetically active radiation regulates 

photosynthesis, dry matter production and yield of crop. 

The shading was responsible for suppression of maize yields while in the shorter 

second season, where rains ended abruptly, moisture competition was the main 

factor causing the drastically low yield (Singh et at, 1989). 

Laosuwan et at, (1992) and Miah et at (1999) who found the higher yield of 

mungbean and onion, respectively, grown under the unshaded condition. 

II 



Effect of Light on Plant Growth and Development 

Solar radiation is very important resource in multistoried production system 

because it is the energy source for photosynthesis and transpiration, hence growth 

and development of plants .But excessive density as well as excessive exposure or 

drastic reduction of solar energy may depress economics yield. In any 

agroforestry system, trees grown in close proximity to crop, often much more 

scope for useful management of light interception and distribution that do 

monoculture. Light is an essential factor on plant growth and development. The 

major light factors affecting plant growth are light quality, light intensity, 

photoperiod and day/night cycle (Goto, 2003). 

importance of Mahogany (Swietenia mahagoni) in Agroforestry System 

This is an upright tree with a rounded, symmetrical crown of medium density. 

Mahogany can reach 75 feet in height with a 50-foot-spread but is more often seen 

at 40 to 50 feet tall and wide. After a period of winter rest, leaflets of the existing 

foliage turn brown and the leaves begin to abscise sometime in March to May. 

This is a brief process as the tree is semi-deciduous. Old leaves are shed suddenly 

and are quickly replaced by fresh new foliage just before or during the onset of 

new growth. The very new leaves of the new growth are at first reddish-purple but 

soon become light green. 

Mahogany is a kind of three tropical hard wood species of the genus Swietenia, 

indigenous to the Americas. part of the pan tropical chinaberry family, Meliaceae 

(Samuel. 2012). The three species are: 

Honduran or big-leaf mahogany (Swietenia macrophylla), with a range 

from Mexico to southern Amazonia in Brazil, the most widespread species 

of mahogany and the only true mahogany species commercially grown 

today. Illegal logging of S. macrophylla, and its highly destructive 

environmental effects, led to the species' placement of Convention on 

International Trade in Endangered Species (CITES), the first time that a 

high-volume, high-value tree was listed. 

19 



West Indian or Cuban mahogany (Swielenia mahagoni), native to southern 

Florida and the Caribbean, formerly dominant in the mahogany trade, but 

not in widespread commercial use since World War 11. 

Swietenia humilis, a small and often twisted mahogany free limited to 

seasonally dry forests in Pacific Central America that is of limited 

commercial utility. Some botanists believe that S. hum/us is a mere variant 

of S. macrophy/la. 

Mahogany has a straight, fine, and even grain, and is relatively free of voids and 

pockets which were suitable for agrofortestry system. 

Importance of Summer Vegetable Crops 

Vegetables are usually recognized as cheap, easily available sources of 

carbohydrates, proteins, minerals and vitamins. Importance of four studied 

summer vegetables such as Kalmi. Red amaranth, Indian spinach and Stem 

Amaranth are as follows: 

Importance of Kalmi 

Kalmi or Gima kalmi (Jpomoea reptans poir) is a leafy vegetable grown in 

Bangladesh generally in summer season, belongs to the family Convolvulaceae. It 

is an important vegetable of the South East Asia, and is widely grown throughout 

the South East Asian cowitries, Australia and some parts of Africa (Hossain and 

Siddique, 1982). The crop is also known as kangkong, swamp cabbage, water 

convolvulus, water spinach etc. (Tindal, 1983). Gima kalmi was developed from 

an introduced strain of Kangkong brought from Taiwan by the Citrus and 

Vegetable Seed Research Centre of Bangladesh Agricultural Research Institute, 

Joydevpur. Gazipur (Rashid etal., 1999). 

In Bangladesh most of the vegetables are produced in summer and winter season, 

while in between these two seasons, there is a lag period when scarcity of 

vegetables occurs. Introduction of Gima kalmi is a positive achievement since it 

can be grown in summer and rainy season (Shinohara, 1980). Although similar, 
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but aquatic type of local Kalmi is naturally grown in ponds or marshy land of 

Bangladesh, Gima kalmi has a special significance, because it grows in upland 

soil with an appreciable yield potential of foliage. Unlike the Bangladeshi local 

Kalmi. Gima kalmi grows erect producing heavy foliage. 

Gima kalmi is a very important leafy vegetable from the nutritional point of view. 

Tike other leafy vegetable, it is nutritionally rich in vitamins, minerals, calories 

etc. It is an excellent source of Vitamin A. Lea1, vegetable of lOG g of its edible 

portion contains 87.6 g water. 1.1 g minerals. 0.1 g fat. 9.4 g carbohydrates, 107 

mg calcium, 3.9 mg iron, 10740 microgram carotene, 0.14 mg vitamin B1 , 0.40 

mg vitamin B2, 42 mg vitamin C, 1.8 g protein and 46 kilocalories (Anon., 1983). 

Since it requires low input, easy to grow, and is suitable for growing in summer. 

its cultivation should be increased. There are, however, signs of its gaining 

popularity among the Bangladeshi vegetable growers and consumers. 

Importance of Red Amaranth 

Cooked amaranth leaves are a good source of vitamin A, vitamin C. and folate; 

they are also a complementing source of other vitamins such as thiamine, niacin, 

and riboflavin, plus some dietary minerals including calcium, iron, potassium, 

zinc, copper, and manganese. Cooked amaranth grains are a complementing 

source of thiamine, niacin, riboflavin, and foliate, and dietary minerals including 

calcium. iron, magnesium, phosphorus, zinc, copper, and manganese - comparable 

to common grains such as wheat germ, oats and others. 

Importance of Indian spinach 

Indian spinach (Base//a a/ba L.) commonly known as p01 and belongs to the 

family Basellaceae.It is a popular summer leafy vegetable widely cultivated in 

Bangladesh, India, in Tropical Asia, Africa. It is very popular vegetable in 

Bangladesh and demand is increasing day by day. Indian spinach is a fleshy 

annual or biennial, twining much branched herb with alternate leaves. Leaves are 

broadly ovate and pointed at the apex. Flowers are white or pink, small sessile in 

cluster on elongated thickened peduneles in an open branched inflorescence. Fruit 

is enclosed in Ileshy perianth. 
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There are mainly two distinct types. Basella alba and Base/la rubra, one with 

green petioles and stems and the other with reddish leaves, petioles and stems. 

Both the green and red leaved cultivers are consumed as vegetables but green-

leaved eultivers are commercially cultivated. All the cultivars are trained on poles, 

pandals or trellis or grown on ground (Bose and Som, 1990). The fresh tender 

leaves and stems are consumed as leafy vegetable after cooking. As half of the 

water soluble substance may be lost by boiling in water, it is preferable to cook 

the leaves in soups and stews. Indian spinach is popular for its delicate, crispy, 

texture and slightly sweetter taste as fresh condition. 

Importance of stem amaranth 

Stem amaranth (Amaranthus viridus) belongs to the family Amaranthaceae is 

commonly known as danta and used as leafy as well as stem in Bangladesh. It is 

mainly grown during summer and rainy season in our country. The plant has 

fleshy stem and leaves (Bose and Som, 1986). This vegetable is important for its 

quick and vigorous growth habit and also for higher yield potentiality. More or 

loss it is widely cultivated in Bangladesh, India, in tropical and subtropical parts 

of Asia, Africa and Central America (Hardwood. 1980). 

Stem amaranth is considered to be the cheapest vegetable in the market that is 

why it is called poor man's vegetable (Shanmugavelu, 1989). Stem Amaranth is 

fairly rich in vitamin A and ascorbic acid. It has an appreciable amount of iron, 

calcium, phosphorous, riboflavin, thiamine, niacin and iron (Thompson and Kelly, 

1988). Per 100 g of edible portion it contains 43 caloric which is higher than those 

of other vegetables except potato and taro (Chowdhury, 1967). During Kharif 

season vegetable production in our country is very low. The maximum production 

of different vegetables is concentrated during the months of November and April 

that is especially in winter season. Thus, there is a serious scarcity of vegetables 

during the months of May to September in the market. As a result the nation runs 

short of vegetables, its production should be increased to meet up the shortfall and 

feed the ever increasing population of the country. 
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CHAPTER III 

MATERIALS AND METHODS 

The experiment was conducted in central farm of Sher-e-Bangla Agricultural 

University during the period from April to July, 2014. In this chapter the materials 

used, the methodologies followed and the related works done during experimental 

period are presented. A brief description on the experimental site and season, soil, 

climate and weather, plant materials, land preparation, fertilizer application, 

experimental design and treatment combination, seed sowing, intercultural 

operation. harvest, data collection, statistical analysis etc. are included here. The 

working procedures are given below: 

Experimental site 

The experiment was conducted at the central farm of Sher-e-Bangla Agricultural 

University, Dhaka, Bangladesh. The experimental site is situated between 23074'N 

latitude and 90351E  longitude and at an elevation of 8.4 m from sea level (Anon.. 

1989). 

Soil 

The soil of the experimental site belongs to Tejgaon series under the Agro-

ecological zone. Madhupur Tract (AI3Z-28), which falls into Deep Red Brown 

Terrace Soils. The soil was having a texture of silty clay with pH and cation 

Exchange capacity 5.6 and 2.64 meq/I00 g soil, respectively. The morphological 

characteristics of the experimental tield and physical and chemical properties of 

initial soil are given in Appendix I (Khatun, 2014). 

Climate 

The climate of experimental site is subtropical, characterized by three distinct 

seasons, from November to February and the pre-monsoon period or hot season 

from March to April and the monsoon period from May to October.The monthly 

average temperature, humidity and rainfall during the crop growing period were 
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collected from Weather Yard. Bangladesh Meteorological Department, and 

presented in Appendix 11. 

Tree and plant materials 

In this study.25 years old Mahogany tree were used as tree components. The leafy 

vegetable ie;Kalmi- Ipomoca reptans poir (Ghima Kalmi), Red Amaranth-

Amaranthus Gangeticus Linn. (RM-2), Indian Spinach- Basella cth5a L. (Lal 

Puishak motadoga) and Stem Amaranth -Amaranthus viridus (Baromashi danta) 

were used as planting materials in this study. The seeds of these vegetables were 

collected from Siddique Bazar, Dhaka. 

Treatments of the experiment 

The experiment consists of two factors: 

Factor A: Orientation of planting (2) 

I) O: East facing 

ii) O: West facing 

Factor B: Distance of planting (5 levels) 

D0: Planting leafy vegetables at full sunlight 

Di: Planting leafy vegetables at 3.5 m apart from mahogany trees 

D2: Planting leafy vegetables at 4.0 m apart from mahogany trees 

D3: Planting leafy vegetables at 4.5 m apart from mahogany trees 

D4: Planting leafy vegetables at 5.0 m apart from mahogany trees 

There were in total 10 (2x5) treatment combinations such as 01 D0, 01 D1, 01 D2, 

01 D3, 01D4, 02D0. 02D1, 02D2. 02D3  and 02D4. 

Experimental design 

Seeds of four leafy vegetable such as Kalmi, Red Amaranth, Indian Spinach and 

Stem Amaranth were sown with maintaining distinct orientations and distances 

following the Randomized Complete Block Design (RCBD) with three 

replications. Each treatment combination of orientation and distance of planting 
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was replicated 3 times. Each vegetable will be considered as an individual 

experiment. The layout of the experiment is shown in Figure I. 

Land preparation 

The experimental land was first opened on 241h  March. 2014 and the operation 

was done by spade. Then the land was fallow for few days. All crop residues and 

weeds were removed from the field and finally the land was properly leveled. 

Crop establishment and management 

Seed sowing 

Seeds four leafy vegetables such as Kalmi, Red Amaranth, Indian Spinach and 

Stem Amaranth were directly sown in the experimental plot on 3rd  May, 2014 

and spacing was 20 cm x  30 cm maintained. 

Fertilizer application 

Recommended doses of well decomposed cowdung were applied for the all crop 

species. Chemical fertilizer was applied as per the BARI recommendation 

fertilizers of this crop. Full amount of well P. K and decomposed cowdung was 

incorporated during the final land preparation. Nitrogen fertilizers were applied in 

three equal installments (Rashid, 1999). 

For Kalmi 

Fertilizer Doses/ha  Application (%)  
Basal 15 DAS 30 DAS 45DAS 

Cowdung lOton 100  
Nitrogen as Urea 200 kg -- 33.33 33.33 33.33 
P205 (a.srSP) 100 kg 100  
K20 (as MP) 80kg 100  
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For Indian spinach 

Fertilizer Doses/ha  Application (%)  
Basal 15 DAS 30 DAS 45DAS 

Cow dung 20 ton 100 -- -- -- 
Nitrogen as Urea 200 kg -- 33.33 33.3 3333 
P205  (as TSP) 120 kg 100 -- -- -- 
K20( as MP) 180 kg 100 -- -- -- 

For Red Amaranth 
Fertilizer Doses/ha  Application (%)  

Basal 15 DAS 30 DAS 45DAS 
Cow dung 20 ton 100 -- -- -- 
Nitrogen as Urea 200 kg -- 33.33 33.3 3333 
P205  (as 'ISP) 120 kg 100 -- -- -- 
K20 (as MP) 200 kg 100 -- -- -- 

For Steam Amaranth 

Fertilizer Doses/ha  Application (%)  
Basal 15 DAS 30 DAS 45DAS 

Cow dung 20 ton 100 -- -- -- 
Nitrogen as Urea 200 kg -- 33.33 33.3 3333 
P205 (as TSP) 100 kg 100 -- -- -- 
K20 (as MP) 200 kg 100 -- -- -- 

Thinning and gap filling 
Thinning was done in case of Amaranth after the emergence to maintain the 

proper plant density. Gap filling was done in ease of Indian Spinach, 10 days after 

the emergence to maintain the wiirorm plant growth. 

Plant protection 

At early stage of growth few worms (Arotis epsilon) infested the young plants 

and at later stage of growth borer (Marucat esiulalis) attacked the plant. Ripcord 

10 tiC was sprayed at the rate of I mg with I liter water for two times at 15 days 

interval after seedlings germination to control the insects. 
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Weeding and irrigation 

To keep the plots free from weeds, weeding was done at 10 days interval for 

experimental plots and control plots. The plots were irrigated three times per 

month by pipe to supply sufficient soil moisture for the vegetable. 

Harvesting 

Kalmi and Indian spinach were harvested based on suitable size for consume; first 

harvesting was done at 30 days after sowing (DAS). Then 60 days after seed 

sowing, and 90 DAS at 3rd  June, 2014, 3d  July, 2014 and 3(dAugust  2014 Red 

Amaranth was harvested at 30 DAS at 3rdiune.  Stem Amaranth was harvested at 

60 DAS in 3rd  July. 

Sampling procedure and data collection 

The necessary procedures were followed to collect the data for growth, yield and 

yield attributes. Plant samples were collected randomly from all plot. Based on the 

nature of sample plants were collected on suitable size for consume. Five 

representative sample plants from each plot were randomly selected from each 

plot for data collection and following parameters were recorded. In case of several 

time of harvesting ,weight from individual harvested plot was recorded and finally 

yield was expressed in plant as well as plot and harvest. 

In ease of Indian Spinach and Kalmi 

Plant height at 30, 60 and 90 (DAS) after harvesting 

Number of leaves at 30. 60 and 90 (DAS) after harvesting 

Fresh weight at 30, 60 and 90 (DAS) after harvesting 

Dry weight at 30, 60 and 90 (DAS) after harvesting 

Yield /plot and yield/ha at 30, 60 and 90 (DAS) after harvesting 
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In case of Red Amaranth and steam Amaranth 

Plant height at harvesting time 

Number of leaves at harvesting time 

Fresh weight at harvesting time 

Dry weight at harvesting time 

Yield /plot and yield/ha at harvesting time 

Light measurements 

Light measured by Lux Meter on each vegetable crop rows as a function of 

distance from the tree base. It was done to determine the extent of shading by the 

tree species and expressed as lux .Light intensities were measured at 4 distance 

(D1 3.5 m. D,4m, D3=4.5m and D4 5 m) from the tree base to vegetables lines. 

Light intensities were measured above the canopy of vegetable crops at 1 .00-10.00 

am, 1.00-2.00 pm. 4.00-5.00pm using Lux meter at 3times per month and 

collected data were averaged and express as lux. 

Soil moisture measurement 

Soil moisture measured by Soil Moisture Meter on each vegetable crop rows as a 

function of distance from the tree base. It was expressed as percent (%) .Soil 

moisture were measured at 4 distance (0i3.5  m. D2= 4m, D3r4.5m  and D4= 5 m) 

from the tree base to vegetable lines. Soil moisture was measured 10 cm deep soil 

adjacent to main root of vegetable crops at 1.00-10.00 am, 1.00-2.00 pm, 4.00-

5.00 pm in 3 times per month. 

Soil temperature measurement 

Soil temperature measured by Soil Temperature Meter on each vegetable crop 

rows as a function of distance from the tree base. It was express as degree 

centigrade (°C).Soil temperature were measured at 4 distance (D1=3.5 m, 1)2= 4m, 

D3 4.5m and Di= 5 m) from the tree base to vegetables lines. Soil temperature 
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was measured 10 cm deep soil adjacent to main root of vegetable crops at 1.00-

10.00 am, 1.00-2.00 pm, 4.00-5.00 pm in 3 times per month. 

Statistical analysis 

The data obtained for different parameters were statistically analyzed to find out 

the significant difference between orientation and distance from the tree base.The 

mean values of all the characters were calculated and analysis of variance was 

performed by the 'F' (variance ratio) test. The significance of the difference 

among the treatment means was estimated by the Least Significant Difference 

(LSD) at 5% level of probability (Gomez and Gomez, 1984). 



NO 

Chapter IV 
El 	 El 

Results & Discussior 
ME 

ON 



CHAPTER IV 

RESULTS AND DISCUSSION 

The experiment was conducted to screening of some leafy vegetables under 

Mahogany tree based agroforestry system. The analyses of variance (ANOVA) of 

the data on different recorded parameters are presented in Appendix llI-X1. The 

results have been presented with the help of table and graphs and possible 

interpretations have been given under the following headings: 

Plant height 

Effect of orientation 

Plant height of Kalmi, Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of orientation (0). 

Statistically, the Tallest plant of Kalmi, Red amaranth, Indian spinach and Stem 

amaranth (37.68, 66.61, 87.06 and 79.95 cm, respectively) were recorded, when 

these vegetables were grown in east side of Mahogany line (Or  east facing). 

However, the shortest plant of Kalmi, Red amaranth, Indian spinach and Stem 

amaranth were recorded from west side of Mahogany line (02- west facing). The 

increased plant height may be due to decreased PAR. Shaded condition increased 

internode length and increased cell division. Leonardo (1996) found increased 

plant height, stomata density, transpiration rate and photosynthesis rate in peppers 

at low PAR condition. 
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Kalmi 	Red amaranth Indian spinach Stem amaranth 

Leafs' vegetables 

Figure 2. Effect of orientation of planting on plant height for Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany tree 
based agroforestry system. 
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Effect of distance 

Plain height of Kalmi, Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of distance (D) under 

Mahogany tree based agroforestry system (Figure 3). In case of Kalmi, Red 

amaranth, Indian spinach and Stem amaranth, the tallest plant (38.90, 70.69, 95.54 

and 85.81 cm, respectively) was observed from 1)3  (distance 4,5), which was 

statistically similar (36.19, 66.38, 90.65 and 81.97 cm, respectively) with 1)4  

(distance 5.0 m). The statistically similar result (35.05, 64.93, 87.88 and 79.70 cm, 

respectively) was found when those vegetable grown in control condition D 

(under full sunlight). However, the shortest plant (31.71, 57.08, 66.42 and 60.92 

cm, respectively) was found from D1  (distance 3.5 m) which was followed (35.97, 

62.01, 82.10 and 75.29 cm, respectively) by 1)2 (distance 4.0 m). Shade was 

comparatively higher beneath the tree and apart from the tree, it was reduced, 

correspondingly. Under tree, shade induced apical dominance and increased plant 

height. simultaneously. Anwar (2013) reported that plant height of bottle gourd 

was increased gradually with the increase of planting distance from the 

Akashmoni and Lambu tree. Ummah (2012), Habib et at, (2012) reported the 

same result. 
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Figure 3. Effect of distance of planting on plant height for Kalmi, Red amaranth, 
Indian spinach and Stem amaranth under Mahogany tree based 
agroforestry system. 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on plant height of Kalmi, Red amaranth, Indian spinach and 

Stem amaranth under Mahogany tree based agroforestry system ('Fable I). For 

Kalmi. Red amaranth, Indian spinach and Stem amaranth, the tallest plant (41.86, 

76.35, 98.58 and 87.09 cm, respectively) were observed from treatment 

combination of 011)3 (East facing and 4.5 m apart from Mahogany line) and the 

shortest plant (29.36, 53. 16, 65.98 and 60.25 em. respectively) were recorded 

from treatment combination of 02D1  (West facing and 3.5 m apart from Mahogany 

line). Crops grown under shade tree intended to harvest more light for 

photosynthesis and increases its apical part by cell division. That's why; crop 

under shade increased its height than crops under full sunlight. 

Table I. Interaction effect of orientation and distance of planting on plant 
height of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth vegetables under Mahogany tree based agroforestry 
system 

Treatments 
Plant height (cm)  ____________ 

Kalmi Red amaranth Indian spinach Stem amaranth 
01 D0 34.92 cd 63.99 be 84.70 b 79.99 a 
CIA 34.25cd 60.99bc 66.86c 61.58b 
01 D2 40.67 ab 66.83 b 93.68 ab 86.37 a 
0D 41.86 a 76.35 a 98.58 a 87.09 a 
01134  36.67bc 1 	64.91 	b 91.48ab 84.74a 
021)() 35.18cd 65.86b 91.06ab 79.41 a 
02D1  29.16 c 53.16 d 65.98 c 60.25 h 
02D2  31.26dc 57.19cd 70.53c 64.21 b 
021)3 35.95 cd 65.03 b 92.50 ab 84.54 a 
021)4 35.71 cd 67.86b 89.82ab 79.19a 

CV (%) 7.03 6.17 6.99 8.24 

In acolumn incanshaving similar ktla(s)zireslalislicaltv si inilar and thost havingdissirntlar kit1s)d6asigniticanlly aiftoS level 
orpathahildy 

0,. List lacing planting. 	 West lictng planting 

1)). Planting loift vegetables wricr lull swdight 	 D,. Planting lesly vcsctabl&c  35 in apart tiont Mahogany 
wets 

0,. Planting leally vegetables 4,0 in .lmn frm Mahogany woes. 	F),, Planting loit'y vcgctalts 4.5 in apart from Mahogany Irccs 

D. Planting lwfy vegetables 5.0 m ajn nun Mahogany trees. 
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Number of leaves per plant 

Effect of orientation 

Number of leaves per plant of Kalmi, Red amaranth, Indian spinach and Stem 

amaranth were recorded and found significant differences due to the effect of 

orientation (Table 2). Statistically, the higher number of leaves per plant of Kalmi, 

Red amaranth, Indian spinach and Stem amaranth (53.55, 66.29. 71.83 and 71.91, 

respectively) were recorded when these vegetables were grown in east side of 

Mahogany line (Or- east facing). The lowest number of leaves per plant of Kalmi, 

Red amaranth. Indian spinach and Stem amaranth were recorded from west side 

of Mahogany line (02- west facing). The increased number of leaves may be due 

to decreased PAR (Photosynthetically Active Radiation) increased internode 

length and increased cell division. 

Table 2. Effect of orientation of planting on number of leaves per plant of 
Kalmi, Red amaranth, Indian spinach and Stem amaranth 
vegetables under Mahogany tree based agroforestry system 

Treatments Number of leaves per plant  __________ 
Kalmi Red amaranth Indian spinach Stem amaranth 

01 53.55a 66.29a 71.83a 71.91a 

02 50.00 b 62.56 b 67.04 b 65.37 b 

CV(%) 6.20 5.16 3.52 5.38 
In a column mtms having similar lettertsj aic st;,tisncally simila, and chose having dissimilar Iettc(s) differ signi6cantly at 005 level 
of pmbabdity 

0: E*t facing planting. 	 02. Wt 6cing planting 
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Effect of distance 

Number of leaves per plant of Kalmi. Red amaranth, Indian spinach and Stem 

amaranth were recorded and found significant ditThrences due to the effect of 

distance (D) under Mahogany tree based agroforestry system (Table 3). In case of 

Kalmi. Red amaranth. Indian spinach and Stem amaranth, the highest number of 

leaves per plant (57.73, 69.67, 76.37 and 76.67, respectively) were observed from 

1)3  (distance 4.5). However, the lowest number of leaves per plant (40.80, 57.07, 

62.13 and 56.53, respectively) were found from D1  (distance 3.5 m). Shade was 

comparatively higher beneath the tree and apart from the tree, it was reduced, 

correspondingly. Ummab (2012) reported that, the number of leaves was 

decreased gradually when distance reduced in association of Mahogany tree. 

Table 3. Effect of distance of planting on number of leaves per plant of 
Kalmi, Red amaranth, Indian spinach and Stem amaranth 
vegetables under Mahogany tree based agroforestry system 

Treatments 
Number of leaves per plant  ____________ 

Kalmi Red Amaranth Indian Spinach Stem Amaranth 

Do 53.87 ab 66.00 a 71.73 b 72.40 a 

D1  40.80c 57.07c 62.13d 56.53c 

D2  51.40b 61.93b 65.13c 63.93b 

D3  57.73 a 69.67 a 76.37 a 76.67 a 

D4  55.07 ab 67.47 a 71.80 b 73.67 a 

CV(%) 6.20 5.16 3.52 5.38 
in a ct.lwnn means having similar ktle,ts) are statistically similar and those hminItdiwimlar letter(s) differ significantly at 0.05 level 
of çcobaht lily 

D Plamthg k4 vVetaliks undt, (LIII swlIir 	 Di: Planting leafy veIaSics 3.5 in awt from Mahogarty uc 

0;: Plammg Icily tgctabi 4.0 m apart from Mahogany aotc; 	U,: Planling lcsfv Nvgctabliz 4.5 m apart from Mahogany urns 

D. Planting lca, vegctishks SI) m apait from Mahoainy trc, 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on number of leaves per plant of Kalmi, Red amaranth. 

Indian spinach and Stem amaranth under Mahogany tree based agroforestry 

system (Table 4). For Kalmi. Red amaranth, Indian spinach and Stem amaranth, 

the highest number of leaves per plant (59.73. 71.73, 79.20 and 83.93, 

respectively) were observed from treatment combination of 01!)3 (East facing and 

4.5 m apart from Mahogany line) and the lowest number of leaves per plant (40.67, 

55.60, 60.13 and 55.00, respectively) were recorded from treatment combination 

of 021)! (West facing and 3.5 m apart from Mahogany line). Crops grown under 

shade tree intended to harvest more light for photosynthesis and increases its 

apical part by cell division. That's why: crop under shade increased its number of 

leaves per plant than crops under full sunlight. 

Table 4. Interaction effect of orientation and distance of planting on number 
of leaves per plant of Kalmi, Red amaranth, Indian spinach and 
Stem amaranth under Mahogany tree based agroforestry system 

'l'reatments 
Number of leaves per plant  

Kalmi Red Amaranth Indian Spinach Stem 
Amaranth 

01 D0  51.33 h 64.93 b 73.93 I, 75.40 be 
OD, 40.94 c 58.53 c 64.13 d 58.07 fg 
01D2  59.33 a 67.60 ab 69.00 c 65.27 de 
0103 59.73 a 7133 a 79.20 a 33.93 a 
0104 56.40 ab 68.67 ab 72.87 be 1 76.87 b 
021)0 56.40 ab 67.07 ab 69.53 be - 69.40 cde 
021)1 40.67e 55.60c 60.13d 55M0g 
02D2  43.47 c 56.27 c 61.27 d 62.60 ef 
0203  55.73 ab 67.60 ab 73.53 be 69.40 ede 
02D4  53.73 ab 66.27 ab 70.73 be 70.47 bcd 

CV(%) 6.20 1 	5.16 1 	3.52 5.38 
In accumn mans hanng similar Ic r(s)arvMatbLtcaIIv similar and thosc haviiigdisiiniIar letta(s)difter sqraficanilv at 005 Icvcl 
of pmbabilitv 

0: East liacing planting. 

II. planting Ica vcgctahlcs sat full suniwht. 

O. Plaruthg k'afy wgetabls 40 in apwl fron, Mahogany fls; 

t)i Planing ISy vcgctablcs SOm apart 1Kw Mahogany tret. 

fln Wcsr täcung planting 

D1 : planting leafy wletahks 3.5 m afcn from Mahogany uc 

1). Planting leafy vcgc*abl4.5 in $5111 from Mahogany ircts 
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Fresh weight per plant 

Effect of orientation 

Fresh weight per plant of Kalmi, Red amaranth, Indian spinach and Stem 

amaranth were recorded and found significant differences due to the effect of 

orientation (Table 5). Statistically the higher fresh weight per plant of Kalmi. Red 

amaranth. Indian spinach and Stem amaranth (65.58, 88.47, 90.93 and 84.09 g, 

respectively) were recorded when these vegetables were grown in cast side of 

Mahogany line (01- east facing). The lower fresh weight per plant of Kalmi. Red 

amaranth. Indian spinach and Stem amaranth were recorded from west side of 

Mahogany line (02- west facing). The increased fresh weight per plant may be 

due to decreased light intensity increased internode length and increased cell 

division. 

Table 5. Effect of orientation of planting on fresh weight per plant of 
Kalmi, Red amaranth, Indian spinach and Stem amaranth under 
Mahogany tree based agroforestry system 

Treatments 
Fresh weight per plant (g)  __________ 

Kalmi Red amaranth Indian spinach I Stem amaranth 

Ol  65.58 a 88.47 a 90.93 a 84.09 a 

0 62.32 b 83.26 b 87.27 b 80.23 b 

CV(%) 4.86 4.93 4.41 4.60 
In a column 'ucans having similar Icuer(s) an statistically similar and those having dissimilar lctter(s) diftr significantly at 0.05 level 
ofptobalility 

O East facing planting; 	 Q: Wcst fixing planting 
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Effect of distance 

Fresh weight per plant of Kalmi, Red amaranth. Indian spinach and Stem 

amaranth were recorded and found significant differences due to the effect of 

distance (D) under Mahogany tree based agroforestry system (Table 6). In case of 

Kalmi. Red amaranth, Indian spinach and Stem amaranth, the highest fresh weight 

per plant (70.08, 94.01, 95.62 and 88.68 g, respectively) were observed from D3  

(distance 4.5). which was statistically similar (68.99. 91.67, 92.13 and 85.24 g, 

respectively) with 1)4  (distance 5.0 m). The statistically similar result (67.76. 

88.68. 91.80 and 84.82 g, respectively) was found when those vegetable grown in 

control condition D0  (under fill sunlight). However, the lowest fresh weight per 

plant (52.86, 72.48. 79.86 and 72.83 g, respectively) were found from l) (distance 

3.5 in) which was followed (60.06, 82.49. 86.08 and 79.23 g, respectively) by D2  

(distance 4.0 m). Shade was comparatively higher beneath the tree and apart from 

the tree, it was reduced, correspondingly. Under tree, shade induced apical 

dominance and increased fresh weight per plant. simultaneously. Islam et al.. 

(2009) reported that fresh weight decreased consistently with the decrease of 

distance from the tree. 

Table 6. Effect of distance of planting on fresh weight per plant of Kalmi, 
Red amaranth, Indian spinach and Stem amaranth under 
Mahogany trees based agroforestry system 

Treatments 
Fresh weight per plant (g)  ___________ 

Kalmi Red amaranth Indian spinach Stem amaranth 

Do 67.76a 88.68a 91.80a 84.82a 

DI  52.86 c 72.48 c 79.86 c 72.83 c 

60.06 h 82.49 b 86.08 b 79.23 b 

70.08 a 94.01 a 95.62 a 88.68 a 

68.99a 91.67a 92.13a 85.24a 

CV(%) 4.86 4.93 4.41 4.60 
In a column mcwis having similar lc(tcrfl) axe statistically similar and those having dissimilar litcfls) duffcr signilicantly at 005 Icvci 
of piobahility 

fl. Planting kti tsctab1cc outer fill swthght 	 U1 Planung Ify vcctahlcc 35 in aon from Mthogx,y (c 

D. Planting kiEv vegetabkts 30m apan from Mahogwy üt. 	D Planting knfy vegctabks4 Sm art from Mahogany w 

D,: Planting kafv vcgetihics 5.0 in upirt from Mahogany trees: 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on fresh weight per plant of Kalmi, Red amaranth, Indian 

spinach and Stem amaranth under Mahogany tree based agroforestry system 

(Table 7), For Kalmi. Red amaranth. Indian spinach and Stem amaranth, the 

highest fresh weight per plant (75.63, 97.81, 98.91 and 92.04 g, respectively) were 

observed from treatment combination of O,D3  (East facing and 4.5 m apart from 

Mahogany line) and the lowest fresh weight per plant (52.37, 68.65, 79.05 and 

71.33 g, respectively) were recorded from treatment combination of 02D1  (West 

facing and 3.5 m apart from Mahogany line). Crops grown under shade tree 

intended to harvest more light for photosynthesis and increases its apical part by 

cell division and ultimately the highest fresh weight per plant. That's why; crop 

under shade increased its plant height, number of leaves per plant and ultimately 

the highest fresh weight per plant than crops under full sunhighL 

Table 7. Interaction effect of orientation and distance of planting on fresh 
weight per plant of Kalmi, Red amaranth, Indian spinach and 
Stem amaranth under Mahogany tree based agroforestry system 

Treatments 
Fresh weight per plant (g)  _________ 

Kalmi Red amaranth Indian spinach Stem amaranth 
01 D0  66.39 b 88.91 b 89.38 b 82.52 b 
0,D1  53.35 c 76.31 c 80.68 c 73.85 c 
0,1)2 63.34b 88.54b 91.98ab 85.12ab 
OIl)) 75.63 a 97.81 a 98.91 a 92.04 a 
01 D4  69.18b 90.75ab 93.70ab 86.91 ab 
02D0 69.13b 88.44b 94.22W, 87.11th 
02D1  52.37 c 68.65 d 79.05 c 71.82 c 
02D2  56.78 c 76.43 c 80.18 c 73.33 c 
02D3  64.53 b 90.21 ab 92.33 ab 85.33 ab 
02D3  68.80 b 92.59 ab 90.55 b 83.56 b 

CV(%) 4.86 4.93 	14.41 4.60 
In a column means having similar lcttcs) am statistically similar and those hanng dissimilar lcttas) diftèrsignificantly at 005 level 
of piobabilily 

0:: East facing planting. 	 0: West facing planting 

t 	Planting leafy vcgctabks wt (WI stmltghL 	 Di: Planting lea' vegetabla iSm acit lion Mahogany flea 

03: Planting leafy vegetables 40 in açon from Mahogany gus. 	D Planting leat vegetables 4.5 maccal from Mahogany trees 

M. Planting leafy vegetables 5.0 in azt from Mahogany ntes 
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Dry weight per plant 

Effect of orientation 

Dry weight per plant of Kalmi, Red amaranth, Indian spinach and Stem amaranth 

were recorded and found significant differences due to the effect of orientation 

(Table 8). Statistically, the highest dry weight per plant of Kalmi, Red amaranth, 

Indian spinach and Stem amaranth (8.25, 8.29, 8.06 and 7.96 g, respectively) was 

recorded when these vegetables were grown in the east side of Mahogany line 

(Oi- east facing). The lowest dry weight per plant of Kalmi, Red amaranth, Indian 

spinach and Stem amaranth were recorded from west side of Mahogany line (02-

west facing). The increased dry weight may be due to increase, fresh weight per 

plant which may he due to decreased light intensity, increased internode length 

and increased cell division. 

TableS. Effect of orientation of planting on dry weight per plant of Kalmi, 
Red amaranth, Indian spinach and Stem amaranth vegetables 
under Mahogany tree based agroforestry system 

Treatments 
Dry weight per plant (g)  

Kalmi Red amaranth Indian spinach Stem amaranth 

01  8.25 a 8.29 a 8.06 a 7.96 a 

02 7.58b 7.71 b 7.46b 7.56 b 

CV(%) 3.93 4.56 5.43 4.51 
In a column mns having similar leucfls) are staiisiically similar and those havingdissimilar I tc(s)difTe.s,gnifinIly at DOS level 
of pcubabilily 

Ci: No facing planting. 	 Q: Wesa facing planting 
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Effect of distance 

Dry weight per plant of Kalmi, Red amaranth, Indian spinach and Stem amaranth 

were recorded and found significant differences due to the effect of distance (D) 

under Mahogany trees based agroforestry system (Table 9). In case of Kalmi. Red 

amaranth, Indian spinach and Stem amaranth, the highest dry weight per plant 

(8.38, 8.39. 8.65 and 8.40, respectively) were observed from D3  (distance 4.5). 

1-lowever, the lowest dry weight per plant (7.09, 7.30, 6.67 and 6.33 g, 

respectively) were found from D1  (distance 3.5 m). Shade was comparatively 

higher beneath the tree and apart from the tree, it was reduced, correspondingly. 

Under tree, shade induced apical dominance and increased fresh weight per plant, 

simultaneously which also leads to increased dry weight. Islam et al., (2009) 

reported that dry weight decreased consistently with the decrease of distance from 

the tree. 

Table 9. Effect of distance of planting on dry weight per plant of Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany 
tree based agroforestry system 

Treatments 
Dry weight per plant (g)  __________ 

Kalmi Red amaranth Indian spinach Stem amaranth 

Do 8.16a 8.22a 8.06b 8.20a 

7.09 c 7.30 c 6.67 d 6.33 c 

D2  7.67 b 7.76 b 7.24 c 7.57 b 

D3 8.38 a 8.39 a 8.65 a 8.40 a 

8.29a 8.30a 8.17ab 8.32a 

CV(%) 3.93 4.56 5.43 4.51 
In acolumn means having similar letter(s)wcstatislieally sirnilarand those hnvingdissrniIarIcttez(s)dutlrs,gnulicantly at 00$ level 
of prol'ability 

l): Pianling kafr vegtUhliz wider full sunlighL 	 D: PtN9ing IO( vegctabks 35 an apan from Mahorany bt 

0:; Planting Iatljr cgcw1t 4,0 in apazt 1mm Klalxrgany ue. 	D: Plmttthg lealS  venabIa4.5 m ajaft from Mahogany tre 

D• Planting lea t5t wgushltc 50 in aiwi from Mahogpny tr. 
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Interaction effect 

Interaction effect of difibrent orientation and distance of planting showed 

significant variation on dry weight per plant of Kalmi, Red amaranth. Indian 

spinach and Stem amaranth under Mahogany tree based agroforestry system 

(Table 10). For Kalmi, Red amaranth, Indian spinach and Stem amaranth, the 

highest dry weight per plant (8.88, 8.88. 9.25 and 9.03 g, respectively) were 

observed from the treatment combination of O,t)3  (East facing and 4.5 m apart 

from Mahogany line) and the lowest dry weight per plant (6.87, 7.01. 6.32 and 

6.30 g, respectively) were recorded from treatment combination of 02D, (West 

facing and 3.5 m apart from Mahogany line). Crops grown under shade tree 

intended to harvest more light for photosynthesis and increases its apical part by 

cell division and the ultimately the highest fresh weight per plant and as well as 

the highest dry weight per plant. 

Table 10. Interaction effect of orientation and distance of planting on dry 
weight per plant of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth under Mahogany tree based agroforestry system 

Treat 	ent m 
Dry weight per plant (g)  

Kalmi Red amaranth Indian spinach Stem amaranth 
0 31)0 8.24 be 8.12 be 8.00 be 7.94 be 
011)1 7.31 d 7.60cd 7.03de 6.36d 
011)2 8.32 abc 8.34 ab 6.98 de 7.76 c 
0 31)3  8.88 a 8.88 a 9.25 a 9.03 a 
0104 8.51 ab 1 	8.49ab 9.03 a 8.72 a 
02D0  8.09 be 8.33 ab 8.11 b 8.46 ab 
02D, 6.87d 7.01 d 6.32e 6.30d 
01D2 7.02 d 7.18 d 7.50 bcd 7.37 c 
021)3 7.87 c 7.90 be 8.05 be 7.78 c 
021)4 8.07 be 8.11 be 7.31 cd 7.92 be 

CV(%) 3.93 4.56 5.43 4.51 
Inn column ineins lving similar lctw4s) arc statisticaily sirmiar and those having dissimilar lcttcts) differ significantly at 0.05 level 
of probuhilily 

C) Fast facing planting; 

: Planting Wy vcgctabks a MI suIifrt 

D. Planting laity vegetables 4.0 in apart fiun Mahogany trees. 

De Plardzng lootS' vcgctahlcs 5.0 m apart from Mahogany uccs 

0: West facing planting 

0,: Planting It\ vegetables 3.5 in apart from Mahogany trees 

Oj: Planting lealy vegetables 4.5 m apart from Mahogany tires 
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Yield per plot 

Effect of orientation 

Yield per plot of Kalmi. Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of orientation (Table 

11). Statistically ,the higher yield per plot of Kalmi, Red amaranth. Indian spinach 

and Stem amaranth (6.44, 7.08, 8.87 and 6.63 kg, respectively) were recorded 

when these vegetables were grown in the eastern side of Mahogany line (Oi- east 

facing). The lower yield per plot of Kalmi. Red amaranth, Indian spinach and 

Stem amaranth were recorded from west side of Mahogany line (02- west facing). 

Ding and Su (2010) reported that tree shading reduced the crop yield by 27 and 

22% in western and eastern regions, respectively, and also, the mean crop yield 

for western side was 23% lower than the eastern side. 

Table II. Effect of orientation of planting on yield per plot of Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany 
tree based agroforestry system 

Treatment 
Yield __________ per plot (kg)  

Kalmi Red amaranth Indian spinach Stem amaranth 

01  6.44 a 7.08 a 8.87 a 6.63 a 

02 6.11 b 6.55b 8.36b 6.18b 

CV(%) 6.17 8.68 6.91 8.73 
In acolumn mcw.shaving similar lena(s) arcslotistically imiIa, and those having dissimilar letto(s)diffa si2piItcaaltIyal 005 level 
oIprubabihty 

0; East facing piacuing 	 0, Wcu facing plan*iag 
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Effect of distance 

Yield per plot of Kalmi, Red amaranth. Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of distance (ID) under 

Mahogany tree based agroforestry system (Table 12). In case of Kalmi, Red 

amaranth. Indian spinach and Stem amaranth, the highest yield per plot (7.14, 

7.84. 9.64 and 7.72 kg, respectively) were observed from ID3 (distance 4.5), which 

was statistically similar (6.91, 7.56, 9.48 and 7.13 kg, respectively) with D4  

(distance 5.0 m). However, the lowest yield per plot (4.58. 4.98, 6.73 and 4.36 kg, 

respectively) were found from ID1  (distance 3.5 m) which was followed (6.21, 

6.50, 7.89 and 6.12 kg, respectively) by D2  (distance 4.0 iii). Shade was 

comparatively higher beneath the tree and apart from the tree, it was reduced, 

correspondingly. Under tree, shade induced apical dominance and increased fresh 

weight per plant, simultaneously. Bali (2012) reported that yield of Okra was 

increased gradually with increasing distance from Lemon and Guava tree. Ummah 

(2012) and Anwar (2013) reported the same result. 

Table 12. Effect of distance of planting on yield per plot of Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany 
tree based agroforestry system 

Treatment 
Yield ___________ per plot (kg)  

Kalmi Red amaranth Indian spinach Stem amaranth 

Do  6.54 be 7.21 ab 9.33 a 6.69 be 

Di 4.58 d 4.98 c 6.73 c 4.36 d 

ID2  6.21 c 6.50b 7.89b 6.12c 

ID3  7.14a 7.84a 9.64a 7.72a 

ID4  6.91 ab 7.56a 9.48 a 7.I3ab 

CV(%) 6.17 8.68 6.91 8.73 
Inn column means having similar Icucr(s)arestnxistioslly similar and thosc havingdissimilar lettcds)differsignificintIv nO.05 level 
of probability 

fl Planting kfv veciabks under ftill sunii8* 	 fl Planting kafv 'egetabler 3.5 m awt from Mahogany trees 

0,. Planlinrz Jcat' vegetisit 40w up3tt inn Maboamy utes. 	Dr Planting leafy vegetables 4.5 in apart front Mahogany trees 

04 Planting lea& vegetables 5.0 m opm fiwn Mahogany trees; 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on yield per plot of Kalmi, Red amaranth, Indian spinach and 

Stem amaranth under Mahogany tree based agroforestry system (Table 13). For 

Kalmi, Red amaranth, Indian spinach and Stem amaranth, the highest dry weight 

per plant (7.42, 8.07, 9.99 and 7.96 kg, respectively) were observed from 

treatment combination of 01 D3 (East facing and 4.5 in apart from Mahogany line) 

and the lowest yield per plot (4.63, 4.78, 6.66 and 4.18 kg, respectively) were 

recorded from treatment combination of 02D1  (West facing and 3.5 in apart from 

Mahogany line). Crops grown under shade tree intended to harvest more light for 

photosynthesis and increased its apical part by cell division and the ultimately the 

highest fresh weight per plant and as well as highest yield per plot. That's why; 

crop under shade increased its the highest yield per plot than crops under full 

sunlight 

Table 13. Interaction effect of orientation and distance of planting on yield 
per plot of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth under Mahogany tree based agroforestry system 

Treatments 
Yield __________ per plot (kg)  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
01 D0  6.37 b 7.02 a 9.38ab 5.93 h 
01D1  4.52 d 5.17 b 6.79c 4.53 c 
01 D2  6.94 ab 7.59 a 8.57 b 7.61 a 
01 D3  7.42a 8.07a 9.99a 7.96a 
004  6.92ab 7.57a 9.60ab 7.10a 
021)0 6.71 ab 7.41 a 9.28 ab 7.44 a 
02D1  4.63 d 4.78 b 6.66 c 4.18c 
02D2  5.48 c 5.41 b 7.21 c 443 c 
0D3  6.86ah 7.61 a 9.28ab 7.48 a 
031314  6.89 ab 7.56 a 9.35 ab 7.15 a 

CV(%) 1 	6.17 1 	8.68 1 	6.91 8.73 
in a column mcanshavingsimilarlcttcr(s) as staiistamlly similar and thosc having dbimtIar lcttci(sldiffasagrnuicantlyat 005 kci 
of proubility 

(.): East lacing plaza ing. 

D limiting lot vcgctablcs under MI szmlight 

D. Plwnmg laify vcgcobt4.0 in apart from Mahogany tr. 

I) Planting lcatjr vcgctablcs 5.0 m apart from Mahogany trots. 

02. SVi fuing planting 

U,: Planting Ia vcgciabla 15 in apart Gmxn Mth,ornv trees  

Dc planting Icily vcgctahics 43in apart from Mahogany trets 



Yield per hectare 

Effect of orientation 

Yield per hectare of Kalmi, Red amaranth, Indian spinach and Stem amaranth 

were recorded and found significant differences due to the effect of orientation 

(Table 14). Statistically, the higher yield per plot of Kalmi. Red amaranth. Indian 

spinach and Stem amaranth (35.75, 39.35, 49.27 and 36.83 ton, respectively) were 

recorded when these vegetables were grown in east side of Mahogany line (O-

east facing). The lower yield per hectare of Kalmi, Red amaranth, Indian spinach 

and Stem amaranth were recorded from west side of Mahogany line (02- west 

facing). Ding and Su (2010) reported that tree shading reduced the crop yield by 

27 and 22% in western and eastern regions, respectively, and also, mean crop 

yield for western side was 23% lower than eastern side. 

Table 14. Effect of orientation and distance of planting on yield per hectare 
of Kalmi, Red amaranth, Indian spinach and Stem amaranth under 
Mahogany tree based agroforestry system 

lreatments 
Yield per hectare (ton)  __________ 

Kalmi Red amaranth Indian spinach Stem amaranth 

01  35.75 a 39.35 a 49.27 a 36.83 a 

02 33.97 b 36.40 b 46.42 b 34.31 b 

CV(%) 6.17 8.68 6.91 8.73 

in a column mens having similar icita(s) are stanstically similar and those havingdissimitar ldtczts) dMa s'gnficantiy at 005 icvcl 
orprohbuIty 

0 Ess* facing planting: 	 O: Wost liacing planting 

46 



Effect of distance 

Yield per hectare of Kalmi. Red amaranth. Indian spinach and Stem amaranth 

were recorded and found significant differences due to the effect of distance (D) 

under Mahogany tree based agroforestry system (Table 15). In case of Kalmi, Red 

amaranth. Indian spinach and Stem amaranth, the highest yield per hectare (39.67, 

43.55, 53.53 and 42.90 ton, respectively) were observed from D3  (distance 4.5), 

which was statistically similar (38.37, 42.01, 52.65 and 39.59 ton, respectively) 

with D4  (distance 5.0 m). However, the lowest yield per hectare (25.42. 27.65. 

37.37 and 24.19 ton, respectively) were found from D1  (distance 3.5 m). Under 

tree, shade induced apical dominance and increased yield, simultaneously. Singh 

ci' at (1989) found that growth and yield of crops declined from 15% to 30% than 

that of sole crops as the distance from the tree rows decreased from 5 in to 0.3 M. 

Habib et at (2012) reported that that the yield of the summer vegetables increased 

gradually with the increase of planting distance of the tree. Ahmed (2012) 

reported that the vegetables yield had reduced remarkably at 5 feet distant from 

tree base. 

Table 15. Effect of distance of planting on yield per hectare of Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany 
tree based agroforestry system 

Treatment 
Yield per hectare (ton)  __________ 

Kalmi Red amaranth Indian spinach Stem amaranth 
D0  36.32hc 40.08ab 51.84a 37.14bc 

DI  25.42d 27.65c 37.37c 24.19d 

34.51 c 36.10 b 43.82 b 34.02 c 

D3  39.67 a 43.55 a 53.53 a 42.90 a 

38.37 ab 42.01 a 52.65 a 39.59 ab 
CV(%) 6.17 8.68 6.91 8.73 
in acoiumn means having s,mibr letta(s)areslatisticaliy similar and those hacingdissimilar lettctts)ditla significantly at 005 level 
of probability 

U Planting leafy wetables unici lull sunhg)it; 	 Di: Pianung lS vcdabIcc 35 m tçest 1mm Mahogany tr 

Dr: Planting Italy vcgctablcs 40 in upan from Mahogany Irecs. 	03: Planting leafy vcgctaNcs 45 in axt from Mahogany trees  

I). Planting lcly vcgcta)ts Stint apart frito Maho.tny utea 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on yield per hectare of Kalmi. Red amaranth, Indian spinach 

and Stem amaranth under Mahogany tree based agroforestry system ('fable 16). 

For Kalmi. Red amaranth. Indian spinach and Stem amaranth, the highest yield 

per hectare (41.22, 44.82. 55.53 and 44.25 ton, respectively) were observed from 

treatment combination of 01D3  (East facing and 4.5 m apart from Mahogany line) 

and the lowest yield per hectare (25.13, 26.56. 37.01 and 23.22 ton, respectively) 

were recorded from the treatment combination of 02D1  (West facing and 3.5 m 

apart from Mahogany line). Crops grown under shade tree intended to harvest 

more light for photosynthesis and increases its apical part by cell division and the 

ultimately the highest yield. That's why: crop under shade increased it's the 

highest yield than crops under thU sunlight. 

Table 16. Interaction effect of orientation and distance of planting on yield 
per hectare of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth under Mahogany tree based agroforestry system 

freatmcnt 
Yield per hectare (ton)  _____________ 

Kalmi [Red amaranth Indian spinach Stem amaranth 
0 1  Do 35.39h 

_ 
38.99a 52.14ab 32.96b 

Oi D1  25.72 d 28.73 b 37.73 c 25.17 c 
011)2 38.56ab 42.16a 47.59b 42.29a 
01 D3  41.22 a 44.82 a 55.53 a 44.25 a 
011)4 38.44 ab 42.04 a 53.36 ab 39.46 a 
02a1 37.26ab 41.17a 51.53ab 41.32a 
0201 25.13 d 26.56 b 37.0lc 23.22 c 
02132 30.45 c 30.04 I, 40.06 c 25.75 c 
0203 38.12ah 42.27a 51.54ab 41.56a 
02D4 38.30ab 41.97a 51.94ab 39.72a 

CV(%) 6.17 8.68 6.91 8.73 
in a column mcw having similar lettcfls) are starislically similar and those having dis,m,lar 1cttcis) differ significantly at 005 lcvcl 
of pmbability 

0. Easi facing planiing 	 0:: West (acing planting 

U% l'Ludii,g itf. vegdabes wt full sunlight. 	 0 Planting lesfr vcabla 33 m an horn Mahogany 

i) Planting ka6 vegetables 40m apart from Mahogany wit. 	D Planting kafv vrgttables 4 Sm apart from Mahogany trecs 

D.1 Planting lcIji vegetables 50 in apail from Mthx'gany ts, 

48 



Light intensity 

Effect of orientation 

Light intensity of Kalmi, Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant diflèrences due to the effect of orientation (Figure 

4). Statistically, the higher light intensity of Kalmi. Red amaranth. Indian spinach 

and Stem amaranth (13.67, 14.93. 13.89 and 14.57 lux, respectively) were 

recorded when these vegetables were grown in east side of Mahogany line (Or 

east facing). The lower light intensity of Kalmi. Red amaranth, Indian spinach and 

Stem amaranth were recorded from west side of Mahogany line (02- west facing). 

15.0 
U Fi (.eins • Wc,t 6.ng 

14.5 

XI 
a i4.0 

13.5 

Ilillili 
C 
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.E 13.0 
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12.5 

12.0 

11.5 	 -- 

Kalmi 	Red amaranth 	Indian spinach 	Stem amaranth 

Leaf vegetables 

Figure 4. Effect of orientation of planting on light intensity of Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany tree 
based agroforestry system. 
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Effect of distance 

Light intensity of Kalmi, Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of distance (I)) under 

Mahogany tree based agroforestry system (Figure 5). In case of Kalmi, Red 

amaranth. Indian spinach and Stem amaranth, the highcst light intensity (15.08, 

15.50, 15.14 and 15.43 lux, respectively) were observed from D9  (Under full 

sunlight). However, the lowest light intensity (10.75, 12.78, 11.65 and 12.61 lux, 

respectively) were found from D1  (distance 3.5 m). 

sUnder fill wrlshl 	'Dist mm 
Dw.ct 4.0 in 	 Dnct 43 in 

Thnoe 5Dm 

t I.E H I 

Kalmi 	Red amaranth 	Indian spinach 
	

Stern amaranth 

Leafy vegerables 

Figure 5. Effect of distance of planting on light intensity of Kalmi. Red amaranth, 
Indian spinach and Stem amaranth under Mahogany tree based 
agroforestry system. 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on light intensity of Kalmi, Red amaranth, Indian spinach and 

Stem amaranth under Mahogany tree based agroforestry system (Table 17). For 

Kalmi. Red amaranth. Indian spinach and Stem amaranth, the highest light 

intensity (16.12, 16.33. 15.73 and 15.80 lux, respectively) were observed from 

treatment combination of 021)0 (West facing and fill sunlight) and the lowest light 

intensity (9.50. 11.76, 10.86 and 10.91 lux, respectively) were recorded from 

treatment combination of 021)2 (West facing and 4m apart from Mahogany line). 

'fable 17. Interaction effect of orientation and distance of planting on light 
intensity of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth under Mahogany tree based agroforestry system 

Treatment 
Combinations 

 Light intensity (Lux)  
Kalmi Red Amaranth Indian Spinach Stem Amaranth 

OlDo  14.04 be 15.09 be 14.56 be 15.07 abc 
0,D3  II.07d 13.13d 12.37e 13.10e 
01D2  I4.08bc I5.02bc 13.31d 14.26cd 
01D3  15.29 ab 15.92 ab 15.33 ab 15.28 ab 
0;D4  13.86 c 15.11 be 13.87 ed 14.38 bed 
0,D0  16.12a 16.33a 15.73a 15.80a 
02131  10.44de 12.43 de 30.92 f 12.121 
021)2 9.50 e 11.76 e 10.861 10.91 g 
011); 14.17bc 14.54c 13.1Ide 14.84abed 
021)4  13.43 c 14.46 c 13.37 d 14.00 de 

CV(%) 5.57 4.52 3.70 5.79 
In a column means hav,ngsimilar ltc$s)  a1csL3115t1c4d1v similar and Lliosc Imvingdissirnilar letieqs)diffei sigpiricantly at 005 level 
of wobahilmiv 

0 East tácrng planting, 	 Oi. West facing planting 

13 Planting kai vcc*aNts UThJC lull suzihjØit. 	 U, limiting leu4 vegdabLeS 3 Sm ajofl front doganyuoes 

D Planting kaft vcgctables 40 in 3part from Mahogany ut. 	D. Planting kffy vegetables 45 in atrl from Mthioany trees 

fl Planting kasfy vegetablcc SOrn awt from Mahogany a. 
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Soil moisture 

Effect of orientation 

Soil moisture of Kalmi, Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of orientation (Figure 

6). Statistically the higher soil moisture of Kalmi, Red amaranth. Indian spinach 

and Stem amaranth (54.01%, 53.34%. 52.55% and 5 1.43%, respectively) were 

recorded when these vegetables were grown in cast side of Mahogany line (01-

east facing). The lower soil moisture of Kalmi. Red amaranth. Indian spinach and 

Stem amaranth were recorded from west side of Mahogany line (02- west facing). 
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Figure 6. Effect of orientation of planting on soil moisture of Kalmi, Red 
Amaranth, Indian Spinach and Stem Amaranth under Mahogany trees 
based agroforestry system. 
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Effect of distance 

Soil moisture of Kalmi, Red amaranth, Indian spinach and Stem amaranth were 

recorded and found significant differences due to the effect of distance (I)) under 

Mahogany tree based agroforestry system (Figure 7). In case of Kalmi. Red 

amaranth. Indian spinach and Stem amaranth, the highest soil moisture (59.78%, 

60.11%, 58.35% and 54.82%, respectively) were observed from D3  (distance 4.5). 

However, the lowest soil moisture (37.63%. 36.35%, 38.32% and 42.27%, 

respectively) were found from D1  (distance 3.5 m). Arya et at., (2011) suggested 

that soil moisture were higher when grown under conjugation as compared to their 

sole cropping. 

t Indcr fi$I '.jnkgd 	 D'sthnc 3.5 m 
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KaInü 	Red amaranth 	Indian spinach 	Stem amaranth 
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Figure 7. Ef!èct of distance of planting on soil moisture of Kalmi. Red amaranth, 
Indian spinach and Stem amaranth under Mahogany trees based 
agroforestry system. 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on soil moisture of Kalmi, Red amaranth. Indian spinach and 

Stem amaranth under Mahogany tree based agroforestry system (Table 18). For 

Kalmi, Red amaranth. Indian spinach and Stem amaranth, the highest soil 

moisture (68.96%, 64.12%, 65.61% and 59.71%, respectively) were observed 

from treatment combination of 01D3  (East facing and 4.5 m apart from Mahogany 

line) and the lowest soil moisture (33.50%. 34.31%. 36.34% and 39.45%. 

respectively) were recorded from the treatment combination of 021)1 (West facing 

and 3.5 in apart from Mahogany line). 

Table 18. Interaction effect of orientation and distance of planting on soil 
moisture of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth under Mahogany trees based agroforestry system 

Treatments 
Soil moisture (%)  

Kalmi Red 
Amaranth 

Indian 
Spinach 

Stem 
Amaranth 

01D0  50.74 b 49.52 b 50.80 c 48.88 ede 
01 D1  41.76c 38.40c 40.30d 45.09de 
01 D2  51.85b 57.55ab 49.92c 49.36cd 
0103 68.96 a 64.12 a 65.61 a 59.71 a 
004  56.76 h 57.10ab 56.13 b 54.09b 
02 D0 55.67 b 52.66 b 56.22 b 49.55 cd 
021)1 33.50 d 34.31 c 36.34 d 39.45 1 
02D2  42.15 c 36.40 c 39.00 d 44.50 e 
02D3  50.61 b 56.10ab 51.10 be 49.92bc 
02D4  53.67 b 49.71 b 53.49 be 47.13 cde 

CV(%) 7.80 11.24 5.53 5.00 
In a column meanslvingsimular leuujs) arc statistically similar and those hav,n8dissimilar Icna(s)ditIccsignilica.ntiv at 005 kvcl 
ulprobobility 

O. Last icingplantuig 	 0z  Wt lacing planting 

U: Plantuig Icily vegetables urt ikill sunlight 	 D Planting leafy vegetables 3.5 m open from Mobowiny iitei 

D Planlung l 	vegetables 4Dm apart from Mahogany uecs: 	D,: Planting Icat vcgctabks4 5 m open from Mahogany trtts 

D1: Planling leafy vegetables SOm apeet from Mahogany trees. 
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Soil temperature 

Effect of orientation 

Soil temperature of Kalmi, Red amaranth, Indian spinach and Stem amaranth 

were recorded and found significant differences due to the effect of orientation 

(Figure 8). Statistically the higher soil temperature of Kalmi, Red amaranth, 

Indian spinach and Stem amaranth (31.13, 31.60, 33.43 and 33.00 °C. 

respectively) were recorded when these vegetables were grown in west side of 

Mahogany line (02- west facing). The lower soil temperature of Kalmi. Red 

amaranth. Indian spinach and Stem amaranth were recorded from east side of 

Mahogany line (Oi-  east facing). 

34.0 
kin (acme • Wen 6dg 	 - 

33.0 

$ 32.0 

. 31.0 	 - 

EE ii ii 	 I 
27.0 

Kalmi 	Red amaranth 	Indian spinach 	Stem amaranth 

Lea& vegetables 

Figure 8. Effect of orientation of planting on soil temperature of Kalmi, Red 
amaranth. Indian spinach and Stem amaranth under Mahogany trees 
based agroforestry system. 
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Red amaranth 	Indian spinach 	Stem amaranth 

Lcatr vegetables 

Effect of distance 

Soil temperature of Kalmi, Red amaranth, Indian spinach and Stem amaranth 

were recorded and found significant differences due to the effect of distance (I)) 

under Mahogany tree based agroforestry system (Figure 9). In case of Kalmi. Red 

amaranth, Indian spinach and Stem amaranth, the highest soil temperature (33.12, 

32.91, 35.07 and 34.41 °C, respectively) were obtained from D3. which was 

statistically similar (31.93, 31.71, 33.80 and 33.06 °C, respectively) with D4  and 

(31.13, 31.53, 33.56 and 32.99 °C, respectively) D0. On the other hand, the lowest 

(26.86. 28.83. 29.82 and 29.09 °C, respectively) were found from D1  which was 

followed by D2  (28.43, 29.42, 31.50 and 30.51 °C. respectively). 
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Figure 9. Effect of distance of planting on soil temperature of Kalmi, Red 
amaranth, Indian spinach and Stem amaranth under Mahogany tree 
based agroforestry system. 
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Interaction effect 

Interaction effect of different orientation and distance of planting showed 

significant variation on soil temperature of Kalmi.. Red amaranth, Indian spinach 

and Stem amaranth under Mahogany tree based agroforestry system (Table 19). 

For Kalmi. Red amaranth. Indian spinach and Stem amaranth, the highest soil 

temperature (34.34. 34.26. 36.29 and 36.09 °C, respectively) were observed from 

treatment combination of 021)3 (West facing and 4.5 in apart from Mahogany line) 

and the lowest soil temperature (25.46, 27.36. 29.23 and 26.23 ( C, respectively) 

were recorded from treatment combination of 011)2 (East facing and 4 m apart 

from Mahogany line). 

Table 19. Interaction effect of orientation and distance of planting on soil 
temperature of Kalmi, Red amaranth, Indian spinach and Stem 
amaranth under Mahogany tree based agroforestry system 

Treatments __________ Soil temperature( C)°   
Kalmi Red Amaranth Indian Spinach Stem Amaranth 

ODo 32.04 ab 32.40 ab 34.45 ab 33.87 ab 
OD, 26.67 d 23.48 de 29.56 d 29.34 bed 
01 D2 25.46 d 27.36 c 29.23 d 26.23 d 
01 D1  3I.41ab 31.56bc 33.86ab 32.72abc 
01 D4  31.72ab 1 	31.01 he 33.26ab 1 	32.92abc 
021)0 30.22 be 30.67 bed 32.68 be 32.11 abc 
02D1  27.04 cd 29.19 cde 30.08 cxl 28.83 cd 
02D2  31.40ah 31.49bc 33.76ab 34.80a 
021)3 34.84 it 34.26 a 36.29 a fo9 a 
02D4 32.13ab 32.41 ab 34.34ab 	j  33.19abe 

CV(%) 6.12 4.31 4.93 J_7.63 
in a column n,ns having similar letter(s) are staIisIicallv similar and tbosc ha.ing dissin,iiar loller(s) differ sipi1icanhiv alO OS evel 
of probability 

0. liasi facing. 

Dc.: Planting }cily vcgetahlcc unda thU suniqhL 

D Plaxnmg icaf.  wVubks 1.0 in apan from Mahogany uc; 

iZ: Plartig leafy veetabl 2.0 m warl from Muhogimy at. 

O WOSI facing 

U1 : Planlmg icaty vcgdflbbes 05 m tqxul from Mahogany trecs 

U,: Planing iofv vegetables 15 in arxsrl from Mahogany uees 
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CHAPTER V 

SUMMARY, CONCLUSION AND RECOMMENDATION 

The experiment was conducted at Central Farm of Sher-e-Bangla Agricultural 

University, Sher-e-Bangla Nagar, Dhaka, Bangladesh for screening some of leafy 

vegetables in Mahogany tree based agroforestry system during the period from 

April to July, 2014. In this study the 25 years old previously established 

Mahogany tree were used as upper storied tree components. The lower stored 

tested vegetables were Kalmi, Red amaranth, Indian spinach and Stem amaranth. 

The experiment consists of two factors: Factor A: Orientation of planting (2) - O: 

East facing, 02: West facing; Factor B: Distance of planting (5 levels) - 

Planting leafy vegetables under full sunlight, D1 : Planting leafy vegetables at 3.5 m 

apart from Mahogany trees, D2: Planting leafy vegetables at 4.0 m apart from 

Mahogany trees. D3: Planting leafy vegetables at 4.5 m apart from Mahogany trees 

and 1)4: Planting leafy vegetables at 5.0 m apart from Mahogany trees. Four 

vegetables such as Kalmi. Red Amaranth. Indian spinach and Stem amaranth were 

sown as four individual experiment satisfying orientations and distances following 

the Randomized Complete Block Design (RCBD) with three replications. 

Due to orientation Kalmi, Red Amaranth, Indian Spinach and Stem Amaranth 

responded differently and the tallest plant (37.68, 66.61. 87.06 and 79.95 cm, 

respectively) was recorded from 01, which the shortest plant (33.45, 61.82, 81.98 

and 73.52 cm, respectively) from 02. The maximum number of leaves per plant 

(53.55. 66.29, 71.83 and 71.91, respectively) was found from O, while the 

minimum number (50.00, 62.56. 67.04 and 65.37, respectively) from 02. The 

highest fresh weight per plant (65.58, 88.47, 90.93 and 84.09 g, respectively) was 

recorded from 0, whereas the lowest weight (62.32, 83.26, 87.27 and 80.23 g, 

respectively) from 02. The highest dry weight per plant (8.25, 8.29, 8.06 and 7.96 

g, respectively) was found from 01, whereas the lowest weight (7.58, 7.71, 7.46 

and 7.56 g, respectively) from 02. The highest yield per plot (6.44, 7.08, 8.87 and 

6.63 kg, respectively) was recorded from 0, while the lowest yield (6.11, 6.55, 
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8.36 and 6.18 kg, respectively) from 02. The highest yield per hectare (35.75, 

39.35, 49.27 and 36.83 ton, respectively) was observed from 0, and the lowest 

yield (33.97, 36.40, 46.42 and 34.31 ton, respectively) from 02. The highest light 

intensity (13.67. 14.93. 13.89 and 14.57 lux, respectively) was found from O, 

whereas the lowest (12.73, 13.82, 12.80 and 13.39 lux, respectively) from 02. The 

soil moisture (54.01%. 53.34%. 52.55% and 5 1.43%, respectively) was observed 

from 01, whereas the lowest (47.12%, 45.84%, 47.23% and 46.11%, respectively) 

from 02. The soil temperature (31.13, 31.60, 33.43 and 33.00 °C, respectively) 

from 02, whereas the lowest (29.46, 30.16, 32.07 and 31.02 °C, respectively) from 

0. 

When distance were taken into consideration, the performance of Kalmi, Red 

Amaranth, Indian spinach and Stem amaranth were found various significant 

effect the tallest plant (38.90, 70.69, 95.54 and 85.81 cm, respectively) was 

observed from D3, while the shortest plant (31.71. 57.08, 66.42 and 60.92 cm, 

respectively) was found from D1. 'ftc maximum number of leaves per plant 

(57.73. 69.67, 76.37 and 76.67, respectively) was recorded from D3, again the 

minimum number (40.80. 57.07. 62.13 and 56.53, respectively) was obtained 

from 1). 'ftc highest fresh weight per plant (70.08, 94.01, 95.62 and 88.68 g, 

respectively) was found from D3  and, the lowest weight (52.86, 72.48, 79.86 and 

72.83 g, respectively) was recorded from D1 . The highest dry weight per plant 

(8.38, 8.39, 8.65 and 8.40, respectively) was observed from 1)3, while the lowest 

weight (7.09, 7.30, 6.67 and 6.33 g, respectively) was found from 131 . The highest 

yield per plot (7.14, 7.84, 9.64 and 7.72 g, respectively) was found from 1)3, 

whereas the lowest yield (4.58. 4.98. 6.73 and 4.36 g, respectively) was found 

from D1. The highest yield per hectare (39.67, 43.55, 53.53 and 42.90 ton, 

respectively) was observed from D3, while the lowest yield (25.42. 27.65, 37.37 

and 24.19 ton, respectively) from D1 . The highest light intensity (15.08, 15.50, 

15.14 and 15.43 lux. respectively) was found from Do, while the lowest (10.75, 

12.78, 11.65 and 12.61 lux, respectively) was found from D. 'ftc highest soil 

moisture (54.0 1%, 53.34%, 52.55% and 5 1.43%, respectively) was obtained from 
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D3, while the lowest (37.63%, 36.35%, 38.32% and 42.27%, respectively) was 

found from D1 . The highest soil temperature (33.12, 32.91, 35.07 and 34.41 °C, 

respectively) was obtained from D3  and the lowest (26.86, 28.83, 29.82 and 29.09 

°C, respectively) was found from D. 

In consideration of the interaction effect (orientation and distance) for Kalmi, Red 

amaranth. Indian spinach and Stem amaranth, the tallest plant (41.86. 76.35, 98.58 

and 87.09 cm, respectively) was observed from treatment combination of 01 D3  

and the shortest plant (29.16, 53.16, 65.98 and 60.25 cm, respectively) from 02D1. 

The maximum number of leaves per plant (59.73. 71.73, 79.20 and 83.93, 

respectively) was found from 01133. while the minimum number (40.67, 55.60, 

60.13 and 55.00, respectively) from 02131. The highest fresh weight per plant 

(75.63, 97.81, 98.91 and 92.04 g, respectively) was obtained from 003, whereas 

the lowest weight (52.37, 68.65, 79.05 and 71.33 g, respectively) was found from 

02D1 . The highest dry weight per plant (8.88, 8.88. 9.25 and 9.03 g, respectively) 

was recorded from treatment combination of 01 133  and the lowest weight (6.87, 

7.01, 6.32 and 6.30 g, respectively) was recorded from 02131 . The highest yield 

per plot (7.42. 8.07, 9.99 and 7.96 g, respectively) was obtained from treatment 

combination of 01133, while the lowest yield (4.63, 4.78, 6.66 and 4.18 g, 

respectively) was found from 02131. The highest yield per hectare (41.22, 44.82, 

55.53 and 44.25 ton, respectively) was obtained from treatment combination of 

01133  and the lowest yield (25.13, 26.56, 37.01 and 23.22 ton, respectively) was 

found from 02131 . The highest light intensity (16.12, 16.33, 15.73 and 15.80 lux, 

respectively) was obtained from treatment combination of 021)0 and the lowest 

(9.50. 11.76, 10.86 and 10.91 lux, respectively) from 02132  The highest soil 

moisture (68.96%, 64.12%, 65.61% and 59.71%, respectively) was observed from 

treatment combination of 01 D and the lowest (33.50%, 34.31%, 36.34% and 

39.45%, respectively) from of 02D1 . The highest soil temperature (34.84. 34.26, 

36.29 and 36.09 °C, respectively) was recorded from treatment combination of 

02133. while the lowest (25.46. 27.36, 29.23 and 26.23 °C, respectively) from 

01 D2. 
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Conclusion 

Based on the findings of the study and keeping the objectives in mind, the 

following conclusion could be drowning. 

Among the four leafy vegetables yield of Kalmi. Red Amaranth, Indian 
Spinach and Stem Amaranth were better at east facing (Of ). Where light 

intensity and soil moisture were maximum. Soil temperature was 

minimum. On the other hand yield of Kalmi, Red Amaranth. Indian 
Spinach and Stem Amaranth were the lower at west facing (02). Where 
light intensity and soil moisture were minimum. Soil temperature was 

maximum. 

The yield of Kalmi. Red Amaranth. Indian Spinach and Stem Amaranth 

were the best from 4.5 in apart from Mahogany trees (1)3). On the other 

hand yield of Kalmi, Red Amaranth, Indian Spinach and Stem Amaranth 

were the lowest from 3.5 in apart from Mahogany trees (D1). 

The yield of Kalmi, Red Amaranth, Indian Spinach and Stem Amaranth 
were superior at east facing 4.5 m apart from Mahogany trees (01 D3). soil 

moisture was the highcst. On an Average the lowest average yield of 

Kalmi. Red Amaranth, Indian Spinach and Stem were observed at west 
facing 3.5 in apart from Mahogany trees (02D1 ). Where the lowest soil 

moisture was observed. And the soil temperature was comparatively 

higher. 

Light intensity was the highest at treatment combination of 02D0, and the 
Lowest Light intensity was observed at treatment combination of O,D2. 

A good soil Environment in terms of availability of soil moisture and soil 
temperature might favor the successful growth of four leafy vegetables. The 
finding of the present study reveals that planting vegetables under Mahogany 

tree at east facing-4.5m apart from Mahogany trees would be the best cropping 

pattern under the Mahogany (Swietenia mahagoni) based Agroforestry system. 
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Recommendation: 

Based on the results and discussion of the study, the following recommendations 

are to be suggested: 

Leafs' vegetable condition under mahogany tree is economic with 

maintaining proper distance. Also east facing is suitable than west facing as 

it keep proper amount (%) of soil moisture ,soil temperature and light 

intensity. 

Below ground competition for nutrient was not intensively studied in this 

experiment while the soil moisture and temperature were measured. Below 

ground competition should be studied for better explanations of findings. 

Further study is needed to conduct in farmer's level at different ecosystems 

of Bangladesh. 

More experiments may be carried out with other vegetables using different 

plant species at different distances. 
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APPENDICES 

Appendix 1. Characteristics of soil of experime ntal field 

Morphological characteristics of the experimental field 

Morphological teatures Characteristics 
Location Central Farm 	SAU, I)haka 
AEZ Madhupur Tract (28) 
General Soil Type Shallow red brown terrace soil 
Land type high land 
Soil series i'ejgaon 
Topography I  Fairly leveled 

Physical and chemical properties of the initial soil 

Characteristics Value 
% Sand 27 

%Silt 43 
%clay 30 
Textural class silty-clay 

p1.1 5.6 
Organic matter (%) 0.78 
Total Nj%)  0.03 
Available P (ppm) 20.00 
Exchangeable K (me/I® g soil) 0.10 
Available S ppm) 45 

Source: Khalun. 2014 

Appendix II. Monthly average of air temperature, relative humidity and total 
rainfall of the experimental site during the period from April to 
July, 2014 

Month (2014) 
Air temperature (°C) *Re)ative 

humidity (%) 
*Tol rainfall 

(mm) Maximum Minimum 

34.2 23.4 61 112 8.1 

34.7 25.9 70 185 7.8 

35.4 22.5 80 577 4.2 

36.0 24.6 83 563 3.1 

Monthly average, 

Source: Bangladesh Meteorological Department (Climate & weather division) Agargoan. Dhaka - 1212 
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Appendix Ill. Analysis of variance of the data on plant height of Kalmi, Red amaranth, Indian Spinach and Stem 
Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Plant height (cm) of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 4.754 11.671 9.869 21.969 

Orientation of planting (A) I 133.685* 172.512* 193.451 * 310.280* 

1)istarice of planting (B) 4 161.101* 617.657 * 3021.895 2225.252 * 

Interaction (AXB) 4 91.81 8* 269.536* 628.016* 485.340 * 

Error 18 112.421 282.181 731.630 719.584 

* Significant at 0.05 level of probability 

Appendix IV. Analysis of variance of the data on number of leaves per plant of Kalmi, Red amaranth, Indian Spinach 
and Stem Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Number of leaves per plant of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 3.685 7.243 7.793 3.624 

Orientation of planting (A) I 94.341* 104.533' 171.841k 320.133 * 

l)istance of planting (B) 4 256.927* 597.365f 784.453* 1635.338 * 

Interaction (AxR) 4 89.121 142.133w 125.899 136.907 * 

Error 18 10.306 199.264 107.779 245.069 

* Significant at 0.05 level of probability 
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Appendix V. Analysis of variance of the data on fresh weight per plant of Kalmi, Red amaranth, Indian Spinach and 
Stem Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Fresh weight per plant (g) of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 5.906 31.338 0.160 1.666 

Orientation of planting (A) I 79.590 * 203.008* 100.613 111.516 * 

Distance of planting (B) 4 1293.875 1791.630* 920.445 928.132 

Interaction (AXB) 4 182.626 * 197.032 * 227.022 219.010* 

Error 18 173.784 322.106 277.924 256.874 

* Significant at 0.05 level of probability 

Appendix VI. Analysis of variance of the data on dry weight per plant of Kalmi, Red amaranth, Indian Spinach and 
Stem Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

 Mean square 
 Dry weight per plant (%) of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 0.028 0.012 0.550 0.122 

Orientation of planting (A) I 3.367* 2.523 * 2.712 * 1.192 * 

Distance of planting (B) 4 1 
6.936* 5.022 * 15.006* 18.034* 

Interaction (AxI3) 4 1.333 1.763 * 5.111* 2.771 

Error 18 1.743 2.390 3.200 2.202 

Significant at 0.05 Level of probability 
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Appendix VII. Analysis of variance of the data on yield per plot of Kalmi, Red amaranth, Indian Spinach and Stem 
Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Yield per 'lot (kg) of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 0.166 0.077 0.010 0.174 

Orientation of planting (A) 1 0.771 * 1.1124  1.976*: 1.535* 

Distance of planting (B) 4 24.647* 31.469 * 38.347 39.702 * 

Interaction (AXB) 1 	4 3.081* 5.806* 11.692* 15.707* 

Error 1 	18 2.696 6.302 6.372 5.627 

* Significant at 0.05 level of probability 

Appendix VIII. Analysis of variance of the data on yield per hectare of Kalmi, Red amaranth, Indian Spinach and Stem 
Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Yield per hectare (ton) of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 5.119 2.379 0.304 5.380 

Orientation of planting (A) I 23.789 * 65.197k 60.988 * 47.378 

Distance of planting (B) 4 760.720* 971.264 • 1183.545 * 1225.369 * 
Interaction (Axl3) 4 95.083 k  179.199* 152.225 484.786* 

Error 18 83.210 194.500 196.655 173.664 

* Significant at 0.05 levcl of probability 
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Appendix IX. Analysis of variance of the data on light intercity of Kalmi, Red amaranth, Indian Spinach and Stem 
Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Light intensity (Lux)of  

Kalmi Red Amaranth Indian Spinach Stem Amaranth 
Replication 2 1.047 0.089 0.569 0.041 

Orientation of planting (A) I 34.167 * 9.291 * 8.911 10.384* 

Distance ofplanting (B) 4 84.3234 36.519* 51.235-  42.831* 

Interaction (AXB) 4 6.504* 13.835 * 13.054* 9.162 * 

Error J 	IS 9.747 7.608 4.390 5.042 

* Significant at 0.05 level of probability 

Appendix X. Analysis of variance of the data on soil moisture of Kalmi, Red amaranth, Indian Spinach and Stem 
Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Meansquare 
 Soilmoisture(%)of  

Kalmi RedAmaranth IndianSpinach StemAmaranth 
Replication 2 20.073 4.531 23.651 6.149 

Orientationol planting (A) I 356.663 422.016 * 212.591 212.139* 

Distanceof planting(B) 4 1760.726* 1857.405 * 1633.227* 514. 472 

Interaction(AxA) 4 442.780* 467.152 * 360.403 88.216 * 

Error 18 280.144 559.485 137.160 107.011 

Significant at 0.05 level of probability 
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Appendix XI. Analysis of variance of the data on soil temperature of ICalmi, Red amaranth, Indian Spinach and Stern 
Amaranth as influenced by orientation and distance of planting 

Source of variation Degrees of 
freedom 

Mean square 
 Soil temperature (C) of  

Kalrni Red Amaranth Indian Spinach Stem Amaranth 

Replication 2 0.044 0.298 1.370 0.988 

Orientation of planting (A) I 20.847* 15.588 * 13.867 * 29.601 

Distance of planting (B) 4 1 159.91 6* 69.335 * 103.871* 111.544 * 

Interaction (A<13) 4 55.241* 29.116 47.019 * 102.927* 

Error 18 61.884 31.856 32.590 107.477 

Significant at 0.05 level of probability 
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