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ABSTRACT

A field experiment was conducted at the Agroforestry Farm, Hajee
Mohammad Danesh Science and Technology University, Dinajpur during April to
July 2005 to examine the performance of mungbean varieties for improving soil
health as green manuring crop in different agroforestry systems. The treatments of
the experiment were three tree species with the control one viz. open field (T)),
Mango (T,), Ghoraneem (T3), Ipil-ipil (T4) and five varieties of mungbean, viz.V,
(BARI Mug-3), V, (BARI Mug-4), V; (BARI Mug-5), V; (BARI Mug-6), Vs
(Local variety). The experiment was laid out in Randomized Complete Block
Design (RCBD) with four replications. The aim of the study was to select the

suitability of the above Mungbean variety for agroforestry system.

Considering varietals performance, BARI Mug-6 showed the best
performance compared to other varieties in respect of biomass contribution except
root weight/plant at 50 DAS. Considering tree effect, the best contribution was
found in T, (open field) and lowest in T; (Ghoraneem) compared to other tree

species in biomass production.

In case of interaction effect BARI Mug-6 was the best performer
(V4T combination) compared to other combinations in biomass contributing

parameter except root weight/plant in both 50 DAS and 75 DAS.

In term of varietals performance for yield BARI Mug-5 was found the best
variety over other varieties. BARI Mug-5 was also found superior than other
varieties in all yields contributing parameter except the number of pod/plant.
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In case of tree effect, the highest yield was obtained from T, (open field)
that was followed by Mango. While the lowest performance was recorded under

ghoraneem.

Considering the interaction effects on yield, BARI Mug-5 in open field
(V3T, combination) ensures the best performance in respect of other combinations
followed by V3T, combination (BARI Mug-5 under mango).The result clearly
revealed that the production of mungbean under the agroforestry species ranked as
mango>ipil-ipil>ghoraneem and the best variety BARI Mug-5 for yield while
BARI Mug-6 for biomass.
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ABBREVIATION AND ACRONYMS

% : Percent

abst. : Abstract

AEZ : Agro-Ecological Zone

cm ; Centimeter

DAS : Days after sowing

et al. : And others

FAO : Food and Agriculture Organization
g : Gram
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viz. : Namely
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Fig. : Figure
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CHAPTER 1: INTRODUCTION

Bangladesh is situated in the north eastern part of south Asia. It is a
small country with an area of 1, 47,570 sq. km. sheltering a population of
141.80 million spreads over the area, Bangladesh is claimed to have the
densest population in the world. Here the current population growth rate is
1.8% (UNFPA, 2005). The demand for food, shelters, fuel, fodder etc. is
rising up at a geometric rate as rapid population growth and increasing per
capita consumption jointly influence it. With these factors operating
uncontrolled, the net effect is worsening the deficit of basic needs over time.
To meet the above basic needs, soils are intensively cultivated without
considering soil health. Introduction of green manuring crops in different
agroforestry systems, developed in the poor soils, is beneficial from the

aspect of maintaining soil health, production as well as income and socio-

economic status.

According to Walt (1989) “agroforestry has two dimensions. One is
the way of thinking. It means looking for ways to maximize the production
from the land using a mixture of wood fibre, wildlife recreation and farm
crops, both plant and animal, to make the biggest buck possible consistent
with keeping the land productive. The second dimension echoes the first. It is

the actual management of land according to this ethic.”

According to Lundgren and Raintree (1982) agroforestry is a

collective name for 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 sequences.

Introducing of green manuring crops into different agroforestry
system is not always important, because forestry species itself play an
important role in maintaining soil sustainability, equilibrium environment and
socio-economic condition of the people, but a substantial depletion of forest
resources has been occurred in the last few decades and now it is reduced to
less than 0.02 ha per person, one of the lowest ratio of the world (BBS, 1996)
under these alarming situations, forest resources must be increased cultivating

in farmland.

On the other hand, Bangladesh agriculture has been suffering from
acute shortage of biomass to regenerate her soil from degradation or
depletion of organic matter due to intensive cropping. The scale of reduction
(0.01%/ year) dry basis of the level of organic matter is alarming. It has been
seen that huge amount (9 t ha" dry matter) of organic materials would be
needed to maintain the current organic matter status (Hossain ef al. 1997).
These problems can be solved partially through the leaves litter of perennial
species of agroforestry system. But the problem can be addressed
significantly by growing green manuring crops at the beginning of
agroforestry practice or to introduce green manuring crops in the cropping
pattern. A huge amount of organic matter is added into crop land soil from

green manuring crops cultivation than using farmyard manure and use of any
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other organic source (Ullah er al. 2002). In every vear 1.00-13.33 ton dry

matter is gained into soil from 70-80 fresh matter (BARC, 1997).

Nitrogen is the food element chiefly supplied by green manuring,
since nearly all the soil nitrogen is associated with organic matter and the

supply of nitrogen can be increased by turning under legumes (Pieters, 2004).

Decomposing organic matter is the home of the millions of
microorganisms, and it is through the activities of these minute living things

that nitrogen is made available to crop plants (Pieters. 2004).

The practice of green manuring has been shown to increase the vields
of corn, small grain, cotton, beets, potatoes, sugarcane and to be successful in
tobacco culture in the tropics though good results have not always been
secured in tobacco culture in the United State. There is a marked residual

effect from green manure crops and the value of the residual effect must be

included in considering the profits from green manuring (Pieters. 2004 ).

Although green manuring crops give various adventitious status to
soil and may cause the maximum production of above crops, but farmers are

not interested as it has no direct economic return.

Mungbean [(Vigna radiata (L) Wilczek] is one of the important pulse
crops in Bangladesh for its high digestibility and good flavor flatulent effects.

It ranks fifth in terms of area under production but first with respect to price

(Rahman and Miah, 1988). It is an important source of different vitamins and
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minerals. Biological nitrogen fixation (BNF) technology in the form of
Rhizobium inoculant is used mungbean, which can be an attractive alternative
of expensive urea fertilizer. It can fix atmospheric nitrogen with the help of
Rhizobium bacteria and increases the nitrogen nutrition in soil within

profit/cost ratio of 27/1 (Sattar and Ahmed, 1992).

Many works have done about mungbean varieties in different aspects.
BARI, BINA released several varieties of mungbean but performances of
mungbean varieties in agroforestry systems are not tested. To know the
varietals performance in respect of biomass contribution and grain yield in
agroforestry is essential. From the above view and aspect, the present

investigation is under taken with following objectives.

(i)  To characterize the morphological behavior of different mungbean
varieties under different MPTs as agroforestry practice.

(il) To know the performance of total biomass and grain yield of
different mungbean varieties.

(iii) To find out the best combination of trees and mungbean varieties
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CHAPTER 2: REVIEW OF LITERATURE

2.1 Agroforestry and multilayered cropping systems

Islam (2005) conducted an experiment to investigate the performance
of lemon and guava grown under multistoried coconut based agroforestry
system and observed a significant influence of multistoried agroforestry
system on yield, yield attributing and quality parameters of lemon and guava.
The best yield contributing characters of lemon was found in coconut +lemon
based agroforestry systems, which in case of guava the highest yield would

obtain from open condition.

American ginseng (Panax quinquefolium), a medicinal herb exported
to China from the United States and Canada is grown as an understorey in red
maple (Acerrubrum) forests (Nadeau et al., 1999) or deciduous hardwoods
such as black walnut (Juglans nigra) and sugar maple (Acer saccharum),
instead of growing under artificial shade with considerable expense (Hill and
Buck, 2000). Indeed, cultivation of ginseng and several other medicinal

plants in the forests is a common and growing form of forest farming practice

of agroforestry in North America.

Solanki (1998) stated that Agroforestry can 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 satisfy three important objectives: (i) protecting and
stabilizing 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 materials to rural populations.



Homestead Agroforestry plays a very important role in Bangladesh
economy. Income from home gardens ranges from 26 to 47% of the total

family expenses (Millat-e-Mostofa, 1997).

Groot and Sourmare (1995) observed that decomposition of tree roots
and the 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. Tap roots may take up nutrients which are released by weathering

from deeper soil layer.

According to Miah et 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 do monoculture

forests and agricultural crops.

Bhatia and Singh (1994) stated that the agroforestry in India plays an
important role in increasing biomass production, maintaining soil fertility and

improving soil and averting risk.

Yantashath et al. (1992) stated that first growing multipurpose tree
species in agroforestry play an important role through providing food, fuel
wood, fodder, green manure soil and environment conservation, and other

wood uses.

In Yunnan province, China, traditional 'Dai and Jinuo' agroforestry
systems involve the medicinal crop Amomum villosum in the forest areas

cleared of undergrowth (Pierre, 1991).



Trees have an important role in risk management mechanism in
household economy (Akter er al, 1990). They provide cash during
ceremonies, economic hardships and many other occasions like marriages,
school expenses of children, buying land and other assets (Abedin and
Quddus, 1990).

Only 0.07 cubic feet of fuel wood and 0.03 cubic feet of timber are
produced per head from natural forest, which is the lowest in the world
(Hossain and Bari, 1996). On the contrary about 90% of bamboo, 70% of
timber and 90% of fuel wood demands are meeting from the homestead

plantation (Chowdhury and Hossain, 1990).

MacDicken and Vergara (1990) stated that agroforestry in 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.

In China, cultivation of medicinal plants has been an age-old practice
under the name of 'silvo-medicinal' systems. In northeast China, ginseng
(Panax ginseng) and other medicinal plants are grown in pine (Pinus spp)
forests; in Central China, many medicinal plants are planted with Paulownia
tomentosa and in southern China medicinal herbs are often planted in
bamboo(Bambusa spp.) and Chinese fir (Cunninghamia lanceolata) forests
(Zou and Sanford 1990).

According to Rang et al. (1990), homestead gardens are common in
Bangladesh where the farmers take up combination of 10-15 species of fruits,
ornamental and multipurpose trees along with vegetables to meet up their

own or aesthetic value.



Akter et al. (1989) observed in traditional agroforestry systems of
Bangladesh, farmers consider trees as saving and insurance against risk of

crop failure or compensate low yields of crop.

According to Ong (1988), incorporating trees with arable 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.

Acacia nilotica, Phoenix sylvestris, Artocarpus heterophyllus and
Borasus flabellifer are thé major tree species grown haphazardly with litter or
no management in the crop field for fruit, fuel, timber, juice and building
materials (Abedin ef al., 1988).

Nair (1987) stated that an agroforestry system can play an important
role in improving soil fertility by: (i) increasing organic matter content of soil
through addition of leaf litter, pruning and other biomass, (ii) efficient
nutrient recycling within the system, (iii) biological nitrogen fixation in case
of leguminous shrubs and trees and (iv) possible complementary interactions
among associated species due to differences in canopy structure, root system

and active zone of water and nutrient absorption.

Nair (1985) and Young (1984) stated that the physical, chemical and
biological conditions of the soil are greatly influenced by the addition of

organic matter through pruning and hedge row.

According to Shankarnarya (1984), tree in agroforestry systems
conserve soil moisture increase atmospheric humidity and improve soil

fertility. The process is enhanced by tree canopy cover which moderates the
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microclimate and enhances organic matter accumulation. microbial activity

and mineralization (Verinumbe. 1987).

According to Saxena (1984), agroforestry utilizes the inter space
between trees rows for intercropping with agricultural crops and this does not
impair the growth and development of the trees but enable farmers to derive
extra income in addition to benefits accrued from the use of fuel and timber

from trees.

Harou (1983) pointed out that agroforestry 1s a combined agriculture-
tree crop farming system which enables a farmers or land user to make more
effective use of his land which may vield a higher net economic return on a

sustainable basis.

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 (intercropping) to maximize and sustain agricultural production.

2.2 Effect of light on plant components

Light demanding understorey species (e.g.. LEchinacea sp.) may be
intercropped initially to provide early returns from plantations and after
canopy closure. shadetolerant species such as ginseng and goldenseal can be

intercropped (Teel and Buck. 2002).

[n agroforestry, multistrata canopies ofter scope for regulating the light
distribution between the plant components and also of using the light more

efficiently over all (Wallace, 1996).

11
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Miah et al. (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
vield decreased more in unpruned conditions (13 kg/ha) than in pruned

condition (9 kg/ha).

Essentially the underlving processes involved in the partitioning of
resources (e.g. light. water and nutrients) are not well understood. A better
mechanistic understanding of resource capture and utilization in agroforestry
svstem in terms of species combination. planting arrangement and

management (Howard et al., 1995).

Agroforestry system that incorporate a range of tree crop species offer
much more scope for useful management of light interception and
distribution than do monoculture forests and agricultural crops (Miah ef al..
1995).

The higher amount of light transmitted through Gliricidia sepium
species may be due to its small and thin leaf lets as well as low branching
habit (Miah. 1993).

Basri et al. (1990) found that incorporating prunnings increased upland
rice vield by 25-30% on a fill area basis. Root + shoot prunings of trees was
found better in increasing crop vield compared to other pruning managements
due to reduction of above ground competition (light) by shoot pruning and

below ground competition (water, nutrient) by root pruning.

12
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The potential benefits as a result of combining fields crop with trees
are so obvious from consideration of the waste of light resources experienced

in orchard and tree crop orientation (Jackson, 1987).

Interaction among the trees and solar geometry produce the particular
solar climate of tree/crop systems. These interaction and effects include
interception of radiation by tree stands of various densities. effect of canopy
structure, effect of latitude and time of vear on solar paths, shade from single

crowns and spectral quality of sun light under partial shade
(Reifsnyder. 1987).

According to Salisbury and Ross (1986), in darkness or at very low
light level the green plants become etiolated with maximum elongation of
internodes. The stem becomes soft and weak with degeneration of xylem and
differentiation of too much parenchyma. Different spectra have different
effects on plants. Plants attain maximum height under red light. In blue and

violet rays, the plants become healthy in structural and functional.

Navak and Murty (1980) observed that vield reduction of rice by 47,
57 and 74 percent in 75. 50 and 25 percent of normal light, respectively. This
was mostly due to impaired dry matter production, panicle number and grains

per panicle.

Navak er al. (1979) reported that translocation is enhanced under
slightly reduced light (70% of normal light), but further reduction in light
(below 70% of normal light) affect translocation due to limitation in energy

supply.




Optimal level of light is essential for normal structures and necessary

physiological function of all green plant (Leopold, 1964).

2.3 Effect of shade on plant components

Studies in New Zealand have indicated that the American ginseng can
be successfully grown under Pinus radiata with best growth under a tree
stand of 130 stems/ha (Follett, 1997). In addition to providing shade. the trees
may also benefit the understory component from hydraulically lifted water.

Sharif (1993) reported that shading in agroforestry influences nutrient uptake.

The shading was responsible for suppression of maize vields while in
the shorter second season, where rains ended abruptly, moisture competition

was the main factor causing the drastically low yield (Singh ef al., 1989).

Rao and Mittra (1988) observed that shading by taller species usually
reduces the photosvnthetically active radiation. Photosynthetically active

radiation regulates photosynthesis. dry matter production and yield of crop.

The partial shading (45-50% of normal light) at 15 days after
transplanting reduced grain vield of rice by 73% because of reduction in
number of panicles per plant (51.50%), number of grain per panicle (16.70%)
and increase in number of unfilled spikelets (41.10%) in 25 rice cultivars
(Jadhav, 1987).

Alley cropping agroforestry systems has been emerged as a sound
technology where tree leaves are periodically pruned to prevent shading the

companion crops (Kang er al., 1984).
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[t has been reported that shading reduced leat number, leaf area and
thickness of dry bean (Crookston e al, 1975). They also reported 38%

decrease in photosynthesis per unit area of shaded leaves.

Some of the research suggested that vields could be increased growing Cocoa

in full sun (Murray. 1953).

2.4 Economic output from agroforestry systems
2.4.1 Selection of tree species in agroforestry systems

A farmers' cooperative in the northemn lowlands of Costa Rica has
successfully demonstrated cultivation of the medicinal herb 'raicilla’

(Cephaelis ipecacuanha) in natural forests for export to the Netherlands and
Germany (Hager and Otterstedt. 1996).

The forest 1s thinned to give 30% to 40% shade and seedlings or

cuttings are planted, which produce an average dried fruit vield of 375

kg/ha/annum (Zhou, 1993).

Gupta (1986) listed a number of indigenous understorey herbs and
shrubs that can be produced as part of forest farming or in new forest

plantations to improve economic returns from forests in India.

According to Rachie (1983). the factors to be considered during the
selection of woody legumes for intercropping with annuals in the low land
tropics : 1) ease to establishment from seeds or seedlings, 1) rapid growth
and high productivity of foliage and wood. 1i1) limited maximum size. 1v)
good coppicing ability, v) effective nutrient recycling ability especially di-

nitrogen fixation. vi) multiple uses-food. fodder. firewood. construction

15
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materials and other products and services. vii) minimal competition with
shallowly rooted annual crops. viii) small leaflets readily detached when
dried and quickly decomposed when used as fertilizer, ix) good tolerance for
draught, low fertility and other. x) freedom from pests and diseases and xi)

ease of control of eventual elimination.

2.4.2 Benefits of agroforestry systems

Hossain er al. (2005) carried out an experiment to evaluate the
performance of Indian spinach (Basella alba) grown under Eucalyptus
(Eucalyptus camaldulensis) in different orientations from May to August,
2003 in the Bangladesh Agricultural University Campus, Mymensingh. The
treatments involve different orientations north, south, east and west for each
of the tree. The experiment was conducted in RCBD design with three
replications. The fresh vield produced i south. west, east and north
orientation followed by west. east and north. 56.37%. less than the open field
and that of for dry vields were 52.74, 56.41, 58.14 and 359.80 less

respectively.

An experiment was carried out by Ahmed (2005) to investigate the
performance of the medicinal plants and spices grown under different
Agroforestry system. The experiment was laid out in Randomized Complete
Block Design (RCBD) with three replications. In open condition medicinal
plants and spices received 100% sunlight; while Guava and Coconut based
Agroforestry system and, Lemon and Coconut based Agroforestry system
allowed. 65-70% and 34-45% sunlight respectively. The result revealed that
the highest plant growth and the best yield contributing characters of Aloe
vera was found in Guava and Coconut based Agroforestry system. But the

highest drv matter of leaves was found in open condition.
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Solanki (1998) stated that fruit trees and crops are grown together in
various ways. 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 vears 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.

The severity of competition in Agroforestry system, ultimately crop
vield is dependent upon the partitioning of resources, primarily of light and

water between trees and crops (Howard et al., 1995).

Akter et al. (1990) reported that in the recent years public interest in
planting of trees in croplands has increased greatly in the Southwest region of
Bangladesh. In addition to planting traditional species farmer of the area have
started organized planting of a fast growing species Dalbergia sisso in
croplands. One of the reasons behind of such practice was risk of total crop

failure.

Akter et al. (1990) reported that wheat vield under different tree
species (Mulberry, siris, Ipil-ipil) did not show any significant difference as

compared to control vield.
According to Kang er al. (1984) a substantial improvement of crop

vield in agroforestry systems was reported. where tree prunings were used as

mulch or green manure.
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2.5 Production of green manuring crops and its impact on soil health
Parvin ef al. (2005) was studied on decomposition pattern of two
contrasting green manures viz. water hyacinth (Eichhornia crassipes) and
mimosa (AMimosa invisa) in an incubation experiment at the Department of
Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh.
during the period from May to July, 2003. The highest decomposition rate
was observed in mimosa at day 2 and water hyacinth at day 10. The
decomposition of mimosa was approximately two times higher than water
hyacinth. After 50 days of incubation, a total of 32 and 49% of the added C
were respired from water hvacinth and mimosa, respectively. Both the rate
and total decomposition of the green manures were also found to be related to

their nutrient status (C:N:P:S ratios).

Tilak (2004) conducted a greenhouse experiment to determine the
effects of green manuring with Sesbania aculeata and S. rostrata. and mung
bean residue incorporation on soil microbial population, microbial biomass,
mitrogenase activity in the roots. nitrogen content in the shoot grain. and
vields of straw and grain of rice and wheat. The microbial counts, namely
bacteria, actinomycetes. fungi. Azotobacter. Azospirillum. phosphate
solubilizing bacteria, the microbial biomass in the soil and nitrogenase
activity in the roots were markedly high in soil where green manuring with S.
rostrata, S aculeata and mungbean was incorporated then in fallow soil.
Sesbania rostrata increased the microbial biomass by 148.2 and 25.8% with
rice and wheat. respectively. at 0-15 c¢cm soil depth. A similar trend was
observed with the nitrogenase actively, which was 19.8 and 13.8 times higher

than the fallow soil with rice and wheat, respectively, due to S. rostrata green
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manuring. The increase in shoot dry biomass and grain vield due to §.
rostrata green manuring over no amendmet was 3.1 and 2.5 times.
respectively with rice, and 1.9 and 2 4 times respectively with wheat.

A pot experiment was conducted by Fawaz-Kurdali (2004) to
determine the effects of manuring with there tvpes of plant residues (roots,
shoots and roots plus shoots) of dhaincha (Seshania aculeata) on growth of
sorghum (Sorghum bicolor) grown on saline and non-saline soils. The
objectives of this experiment were 91) to determine the effects of adding
different plant residues of dhaincha on dry matter yield and nitrogen (N)
uptake of sorghum: (2) to estimate the percentages and amounts of N derived
from various N sources: (3) to estimate N recoveries from Sesbania residues:
(4) to make comparison between the direct and indirect 15N tracer techniques
for estimating sorghum Na uptake from Seshania residues; and (5) to test
feasibility of using the non-isotopic technique (N diffidence) for estimating N
derived from plant residues. For measuring N uptake from various sources,
two isotopic dilution techniques were utilized by adding to these soils either
1 5N-labelled inorganic N fertilizer (indirect method)of 15N labelled Sesbania
leaves (direct method). For the indirect method. both soils manured with each
types of Sesbamia residue. received four split applications of 15N-labelled
amlonium sulfate. Results indicated that each type of Sesbhania residue.
applied as green manure. resulted in significant increases in both dry matter
vield and N uptake of sorghum compared with the unmannered control. In
addition. Sesbania residues decreased the harmful effect of salimty on plant

growth.

Sharda and Ratan-Singh (2003) reviewed that soil erosion is a major
cause of land degradation in Tndia. Out of the 329 M ha geographical area of

the country, 187.9 M ha is atfected by various types of land degradation
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problems. Water erosion alone constitutes an area of 148.9 M ha resulting in
an annual loss of 5333 M t of fertile soil. which is equivalent to 16.4 t
ha/year. The magnitude of soil loss is much higher in Shiwalik Hills (=80
tha). ravine and shifting cultivation areas (=40 t/ha); and black soils and
Western Ghat region (20-30 t/ha). Soil erosion depletes soil depth. fertility.
organic matter. groundwater table and consequently crop productivity. The
off-site effects include reduction in carrying capacity of reservoirs,
meandering of rivers and drainage channels due to sedimentation. occurrence
of floods, biodiversity loss and impairment of water quality. Agronomical
measures such as contour farming, strip and mixed cropping, intercropping,
cover management. mulching. green manure. use of crop residues. crop
geometry, tillage. etc.. are adequate up to 4% slope to minimize erosion
losses and achieves higher productivity. However. these measures need to be
supplemented with mechanical measures like levelling and bunding. bench
terracing. trenching. etc. on higher slopes. Vegetative measures such as grass
barriers and agroforestry are cost effective and could minimize erosion loses
and enhance productivity. The input-use-efficiency of basic resources of soil,
water and nutrients can be significantly improved by adopting appropriate

erosion control measures for sustained productivity and farmers’ profitability.

Fawaz et al. (2003) carried out two field experiments on Dhaincha
(Sesbaina aculeata) and sorghum (Sorghum bicolor) grown in monocropping
and intercropping svstems was conducted under non-saline and saline
conditions in Syria to evalaute dry matter production. total nitrogen (N) yield.
land equivalent ratio (LER). soil N uptake and N,-fixation using 15N isotope
dilution method. The first experiment was conducted under non-saline
conditions. three different combinations of Seshania (ses) and sorghum (sor)

were investigated in the intercropping system (2 ses : 1 sor: 1 ses : 1 sorand 1
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ses : 2 sor. row ratio). Whereas, in the second experiment, only one
combination (1 ses : | sor. row ratio) and tested under saline conditions.
Results of the first experiment showed that dry matter vield of sole sorghum
was higher than the sole of Seshania. and was similar to that produced by the
intercropping treatments. In both experiments. percentages of N, fixed by the
Sesbania in the intercropping system were considerably enhanced relative to

sole cropping of Sesbhania.

Sahoo ef al. (2002) observed that a field experiment, was conducted in
an 18-year-old coconut garden at konark, Orissa, India, during kharif of 1994
and 1995 to assess the cowpea, green gram, horsegram [Macrotyloma
uniflorum] and dhaincha [Sesbania). in coconut basins with littoral sandy
soil. Results revealed that the plant height of different green manuring crops
differed significantly in both vears. Maximum plant height (63.45 cm) was
observed in dhaincha followed by cowpea at 45 days afier sowing. Leaf
number per plant at the time of incorporation was highest (22.05) in
horesgram and lowest (12.05) in dhaincha. Root nodulation also varied
significantly in both vears with dhaincha as the highest (139.43). Biomass
production was highest in cowpea (7.23 kg) followed by green gram (6.0 kg)
and horsegram (5.72 kg). Highest dry matter content in both years was found
in dhaincha followed by greengram and horsegram. The results indicated that
cowpea, greengram. and horsegram can be successfully grown in situ as

greem manure crops in coconut basin with littoral sandy soils.

Casavajda (2002) a field experiment was conducted during 1998-99 in
Mosonmagyarovar, Hungary. to determine the total biomass production
(tonnes’ha). dry matter content (%) and dry matter yield (tonnes/ha) of some

spring sown green manure crops such as Phacelia. oilradish. fenugreek and
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the mixtue of these species (Phacelia/oilradish and Phacelia/fenugreek). The
highest biomass production values of 34.60-41.30 tonnes'ha were obtained
under Phacelia/oilradish mixture. Statistical analysis proved significant crop
vear effects in all cases except in the Phacelia/oilradish mixture. The dry
matter content of purely sown Phacelia showed the highest values during the
entire experiment period. The total drv vield matter at harvest was found

highest 1n the phacelia/oilradish mixture.

Aher et al (2000) studied heterosis in 21 different hybrids of
mungbean resulting from 7 » 7 diallel. excluding reciprocals and indicated
pronounced hybrid vigour for vield and most of the vield components.
Heterosis to the extent of 63.45 and 61.69% over the mid-parent and better
parent, respectively was recorded for grain vield per plant. Heterosis for vield
was generally accompanied by heterosis for vield components. [Seven
hybrids were identified as promising for many desirable traits and they may

be of much use in exploiting hybrid vigour in mungbean.

resulted in a decrease in plant height. root-shoot ratio. dry weight and
nodule number per plant. Protein content of leaves. stem and roots decreased
under the influence pb in soil. with most pronounced reduction in roots. A
gradual decline in the nitrate reductase activity was observed in treated
plants. Seed germination remained unaffected at low concentrations, but was

completelv inhibited at higher concentration of lead.

Singh and Singh (1999) simulated differential salt profiles in potted
soil to study their effects on root growth and grain vield of wheat cv K8804.
The root length. root volume and root surface area greatly decreased under

saline (ECe 15.2 ds/m) as well as sodic (ESP335, pH 9.6) soil conditions. In a
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vertically variable protile with top soil normal and lower one saline, the root
penetration was poor as compared to the one having top soil normal with
lower one sodic. However. root growth differences were not so prominent
when normal/saline or normal/sodic soil variations were in lateral plane. The
biomass was positively correlated with root drv weight which in turn, was
dependent upon soil chemical environment. The vield loss under entirely
saline or sodic soil was nearly 70% of the normal. It is concluded that the
salinity of simulated sub-soil was more detrimental to plant growth that the

sodicity of similar zone.

Madanpal et al. (1999) conducted a field experiment with mungbean
(Vigan radiata 1.. Wilczek, cv. PS-16) grown under ambient and
supplementary UV-B radiation (-UV-B, 11.02 kJm™ UV-Bgg) at 15% ozone
depletion. and determined the differences in plant height, leat area, total
biomass accumulation. photosynthetic activity, stomatal conductance,
photosynthetic pigments. anthocyanin, flavonoids. carbohydrates, soluble

proteins and phenylalanine ammonia-lvase (PAL) activity.

Haris et al. (1999) carried out in a 2 — vear field experiment in New
Delhi. India, green manure crops of sunnhemp [Crotalaria juncea), dhaincha
[Sesbania aculeata) and cowpeas [Vigna unguiculata] were grown in kaharif
and given 0 or 60 kg P/ha. and were followed by rabi crops of w3heat. cv.
Kundan, gram [Cicer arietinum] cv. BG-209 or mustard [Brassica juncea)
cv.Bi0-727 given 0 or 30 kg P/ha. Soil available N was greatest following
sunnhemp. followed by dhaincha. and after gram, followed by mustard. P

decreased available N.
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Das et al. (1999) studied the effect of elevated CO, (600+50ull™") on
growth, rate of photosynthesis, respiration and vield parameters of mungbean
after 25 and 50 days of CO, exposure (25 and 50 DAT). Increasing
atmospheric CO; directly stimulated photosynthesis and plant growth. High
CO, treatment caused increase in leaf number leaf area and drv weight of
mungbean plants at both stages similarly plant height and shoot dry weight
also showed significant increase due to elevated CO,. The enhancement in all
the morphological parameters was more at 25 DAT as compared to later
stage. It shows that early vegetative stages of mungbean is more responsive
to high CO,. The rate of photosynthesis was higher at both the stages but rate
of respiration reduced due to elevated CO,. Mungbean plants grown under

elevated also produced significantly higher vield than ambient plants.

Turkhede er al. (1998) found in a trial at Akola, Maharashtra in the
1991-92 to 1995-96 kharif [monsoon] seasons. the effects of NPK fertilizer
and application of 5 t glyricidia [gliricidia sp.] green manure/ha on rice cv.
SKL-7 vield and soil fertility were determined. Averaged rice yield was 2.84
and 3.04 tha without and with green manure. respectively. while
recommended NPK (100:50:50 kg N:P:K/ha) gave a yield of 3.52t. Green
manuring decreased soil bulk density, and increased water holding capacity,

pH. organic carbon content, and available N. P and K.

Rao and Ito (1998) carried out a comparative study of the root system
morphology and of some physiological parameters at initial growth stages of
3 legumes : pigeon pea. chickpea and groundnut and 3 cereals : sorghum.
pearl millet and maize. Considerable differences were observed for all the
root morphological traits among the species. The root respiration rate was

significantly correlated with the N uptake activity. The legumes showed a
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higher efficiency of N uptake in terms of respiratory requirement. The
transpiration rate showed a significant correlation with total N concentration
shoot. indicating the transpiration may be partly related to nitrogen flow and
accumulation in shoot in case of nitrate nitrogen as a sole nitrogen source.
Morphological and physiological characters of the root system using rather
simple indices were found to be better criteria for describing functional

differences among crop species.

Fakir et al. (1998) gave an information on dry matter (DM)
partitioning into root system in pigeonpea. This study was conducted to
compare DM production and partitioning in four contrasting pigeon pea

genotypes.

Fakir (1997) observed that two contrasting rooting patterns in
pigeonpea were stable over several seasons and generations which suggested

that the rooting patterns might be heritable.

Saneoka ef al. (1995) stated that for elucidation of the effects of salt
stress on whole plant growth and crop productivity the knowledge of root
characteristics with respect to soil physical and chemical environment is
essential. Additionally, specific informations on the variation in root
distribution both in space and time have been sought as an input information
in computer simulation models for the reclamation of salt-affected soil

(Wagenet et al. 1980).

Rahman er al. (1995) conducted a field experiment with a newly
released variety of mungbean (Kanti) grown under varving population

densities at different dates of sowing was evaluated for yield performance in
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relation to various growth parameters. There is scope to increase the grain
vield of mungbean for September sown crop with higher population density.
Although the crop growth rate (CGR) and total dry matter per plant was
higher with lowest population densitv. but the leaf area index (LLAI) was
higher with the highest population density in case of August sown crop. Total
dry matter per unit area and leaf area indices showed a strong positive

signficant correlation with grain vield. while crop growth rate showed

inverse relationship irrespective of spacing and dates of sowing:=

%19 v
growth rate (RGR) and net assimilation rates were maximum’at 20 ana
days after emergence of the crop in all the treatments. Y

Sharma and Das (1994) observed that interm N
conditions (0-50cm) at Cuttack. Orissa during 1990-91. rice cv.
dhaincha (S. aculeata) were either mixed-sown in different arrangements
(parallel lines and mixed broadcasting) in dry soil by the end of May or rice
seedlings were transplanted in plots grown with pure dhaincha after the
accumulation of water in the field by mid-July. Incorporation of dhaincha in
situ after 48 and 54 d of growth added 60.8-65.2 and 72.9-76.9 kg N/ha in the
mixed stands compared with 81.3 and 85.1 kg N/ha in the pure stand in 1990
and 1991. respectively. Although the growth of rice when sown
simultaneously with dhaincha was affected initially due to the more after the

incorporation of green manure following an increase in inter-row spacings.

Xiong and Chen (1993) concluded that in a pot trial 15N tracing was
used to investigate the dynamics of N in a grain-grain-green manure rotation,
a forming system widely practiced in recent vears in Ningxia. Spring wheat
was intercropped with maize. and Vicia sativa grown as a green manure crop

after wheat was harvested. The amount of N taken up by theplants when
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spring wheat and maize grew together in the same pot accounted for 15.88%
(0.716 g/pot) of the applied tertilizer N whereas N uptake by 1. Sativa was
only 0.009 g/pot. The beneficial effects of green manure cropping after wheat

and the problems involving 15N labelling by biological methods are

discussed.

Sharma er al (1995) stated that sesbamia green manuring and
mungbean residue increased grain vield of rice by 0.4 and 0.3 tha,
respectively and of spring wheat by 0.6 and 0.6 tha, basally to wheat.
Sesbania green manure and mungbean residue substituted for 43 and 30 kg
N’ha in rice and subsequently gave a beneficial effect in spring wheat equal
to the residual effect of 89 and 112 kg N/ha applied to rice, respectively.
Mungbean residue remaining after the picking of pods. contributed similar
amount of N as Seshenia green manuring to rice-wheat cropping system but,

additionally gave seed vield of 0.5 — 1.3 t/ha.
\2

\%.\,07
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CHAPTER 3: MATERIALS AND METHODS

This chapter deals with the materials used and methodology in
conducting the experiment. The location of the experiment, materials used,
and methods followed in different operations during the experiment as well

as in data collection are described in the following subheads:

3.1 Location of the study
The experiments were conducted in the Agroforestry Farm Hajee
Mohammed Danish Science and Technology University, Dinajpur. This site

was located between 25°13'latitude and 88023f10ngitude and about 37.5m

above the sea level.

3.2 Soil characteristics

The experimental site is situated in a medium high land belonging to
the Old Himalayan Piedmont Plain area AEZ 01. The rain water did not stay
there. Irrigation facilities and drain out system of excess water was well
developed. The soil texture was sandy loam with sand 65%, silt 30%, clay
5%. pH of the soil 5.1 and CEC 8.07 me/100g soil. The structure of the soil
was fine and the organic matter content was 1.06%. The soil posses the
following amount of other element i.e. Na 0.06 me /100 g, Ca 1.30 me /100 g,
Mg 0.40 me /100 g, K 0.26me/100 g, total N 0.103%, P 24.0pg/g soil, S 3.2
ug/g soil, Bo 0.27pg/g soil, Cu 1.00ug/g soil, Fe 5.30ug/g soil, Mn 0.70ug/g
soil, Zn 0.90ng/g soil. CEC of the soil 8.07 me/100 g.
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3.3 Climate and weather

The experimental site is situated under tropical climate characterized
by heavy rainfall during the months from April to July and then scanty
rainfall during the rest period of the year. Information regarding monthly
maximum and minimum temperature, rainfall and relative humidity recorded
during the period of experiment collected from 29.04.2005 to 14.07.2005 are

included in Appendix I.

3.4 Test green manuring crops
Mungbean (Vigna radiata) varieties are
BARI Mug-3
BARI Mug-4
BARI Mug-5
BARI Mug-6

Local variety

3.5 Trees in agroforestry system
Mango (Mangifera indica)
Ghoraneem (Melia azadirach)

Ipil-Ipil (Leucaena leucocephala)

3.6 Treatments of the study
Treatments of the study are given below:
Factor A: Green manuring crops (mungbean)

V= BARI Mug-B
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V, =BARI Mug-4

V; = BARI Mug-5

V4= BARI Mug-6

Vs = Local variety

Factor B: Agroforestry species

T, = Open field (control).

T, =Mango

T3 = Ghoraneem

T4 = Ipil-ipil

Combination of the treatments

xii)
xiii)

Xiv)

VT, = BARI Mug-3 + Open field
VT, = BARI Mug-3+ Mango
V,T; = BARI Mug-3 + Ghoraneem
VT4 = BARI Mug-3 + Ipil-ipil
V,T1 = BARI Mug-4 +Open field
V,T; = BARI Mug-4 + Mango
V,T; = BARI Mug-4 + Ghoraneem
V,T4 = BARI Mug-4 + Ipil-ipil
V3T, = BARI Mug-5 +Open field
V;T,; = BARI Mug-5 + Mango
V;T; = BARI Mug-5 + Ghoraneem
V5T, = BARI Mug-5 + Ipil-ipil
V,T, = BARI Mug-6 + Open field
V,4T,=BARI Mug-6 + Mango
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xv)  V4T; =BARI Mug-6 + Ghoraneem
xvi) V,T;=BARI Mug-6 + Ipil-ipil
xvil) VsT, = Local variety +Open field
xviil) VsT, = Local variety + Mango

xix) V;sT; = Local variety + Ghoraneem

xx) VsT4=Local variety + Ipil-ipil

3.7 Design of the experiment

The experiment was laid out in Factorial Randomized Complete
Block Design (RCBD) with four replications for each treatment. The plot size
for each treatment was 2.5m x 2.5 m. Adjacent plots and neighboring blocks

were separated by 0.5 m and 3.0 m respectively.

3.8 Layout of the experiment

Replication-1

T, V; T, Vs T, V, T, Vs T; Vs
T, V) T, Vs T, Vs T: V3 T, Vs
T; V, T; Vs T3 Vs T; Vs T; Vs
T, Vs T, V, Ts V) Ts V4 T, Vs

Replication-2

T, V, T, Vs T, V3 T, V, T, V;
T, V, T, V, T, Vs T2V, T, V;
T3V, T; V, T; Vy T3 V3 T3 Vs
T4V, T4 Va4 T4 Vs T4 V) Ty V3
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Replication-3

T, V, Ti Vs T, Vs T Vi T Vs
Ts Vs TV, T; Vi Vs T, Vs
T, Vs Ts Vs Ts Vi T Vs .V,
T, Vs T, Va Ty Vs Te Vs T. V)

Replication-4

T, Vs T, V, T, V, T, V, T, V;
T, V, T, V; T, Vs T, V, T, V,
T3 V3 T3V, T3V, TV, T3 Vs
T4 Vs T4V, T4V, T4 V; T4 V)

3.9 Duration of the experiment

The duration of the experiments was 29 April 2005 to 14 July 2005.

3.10 Land preparation
The land was opened in the early of April, 2005 and then prepared

throughly by spading to obtain a good tilth. The weeds and stubbles were
removed from the field and bigger clods were broken into smaller pieces. We
make 2.5 mx2.5 m size plot between the tree rows. The edge of the plot was
25 cm apart from the base of the trees as 3mX3m spacing were maintained
for tree plantation. The age of the trees was only one year although the

growth was notable.
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3.11 Description of agroforestry species
There are three tree species selected for the experiment. Brief
description of the present status of the species and the reasons of their

selection is given bellow:

Mango: Mango is one of the major fruit of Bangladesh. Ripen mango
consists of a lot of vitamin A. We can get fruit within only one year after
plantation of one year aged grafted mango sapling. The height, base diameter,
dbh and canopy diameter of mango were 2.23 m, 5.69 cm, 3.71 cm and

115.60 cm respectively at the sowing time of mungbean.

Ghora neem: Ghoraneem is short durated tree species. It can be
harvested with 6-8 years. It is fast growing and complete deciduous tree
species. The height, base diameter, dbh and canopy diameter of ghoraneem of
the experiment were 3.28 m, 4.07 cm, 3.02 cm and 140.50 cm respectively at

the sowing time of Mungbean varieties.

Ipil-ipil: It is fast growing deciduous tree species. Its leaves and pods
are widely used as palatable fodder as it is grown for protein bank. It is a
member of leguminosae family and can fixes nitrogen. Its deep root system
helps in nutrient recycling, leaflets of the tree are small and easily
decomposable. The height, base diameter, dbh and canopy diameter of ipil-

ipil were 4.49 m, 4.00 cm, 3.37 cm and 150.75 cm respectively.
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3.12 Establishment of the Mungbean varieties

The seeds of different Mungbean varieties were sown on 29 April
2005. Placement of Mungbean varieties in each replication of the treatment
were randomly selected 30 cm line to line distance was maintained and seeds
were sown continuously in the furrow of line by hand. Each plot contained 9
lines and plant population 225. Mature pods were plucked by hand time to
time and final plucking was done at 75 DAS. After final plucking total

biomass was incorporated in the soil (except pod).

3.13 Management practices

3.13.1 Fertilizer application

Recommended doses of fertilizers for Mungbean were used for all
varieties of mungbean, 10 ton cow dung, 20 kg N, 60 kg P and 40 kg K per
hectare were applied. (BARC, 1997). All cowdung and fertilizers were

applied during the final land preparation.

3.13.2 Intercultural operation
Weeding was done periodically whenever necessary. Thinning was
done twice once just after emergence and another at 20 DAS. Finally 5 cm

plant to plant distance was maintained. The additional rain water was drained

out through side canal from the plot.

3.13.3 Pest and disease control

No pesticides were used to control the insect pest and diseases as

there were no out break of pest and diseases.
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3.14 Harvesting

At 75 days after sowing we plucked all the pods finally by hand. At
the time of maturity the pods were turned black in colour. Some pods were
opened to see the hardiness of seed. The seeds were quite hard. After final

harvesting the rest of the biomass (roots and shoots) were incorporated in the

soil.

3.15 Data collection

The data were collected at two times, First one was at 50 Days After
Sowing (DAS) and last one was at 75 DAS (at the time of final harvest of
Mungbean).At 50 DAS, The following parameters were recorded
weight/plant (above ground), root weight/plant, nodule weight/plant, total
weight/plant i.e. biomass/plant, total biomass/ha, At 75 DAS, weight/plant
(above ground), root weight/plant, nodule weight/plant, total weight/plant i.e.
biomass/plant, total biomass/ha, incorporate biomass/ha, pod length, number
of pod/plant, number of seed/pod, number of seed/plant, 1000-seed weight,

yield/plant and yield/ha were recorded from Mungbean varieties.

3.16 Data collection procedure

For data collection 10 representative sample plants were selected
and dugéut carefully with parts of their root systems which was washed with
a jet of water to remove adhering soil particles keeping the root portion of
each individual plant in a sieve. The plants were divided into root, shoot and
root nodule and the said data were collected at 50 DAS. The similar

procedure was followed at 75 DAS except yield contributing characters. For
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yield parameter, mature pods were collected time to time from the plants
which were selected previously.

The mean value of each parameter was calculated manually.
Multiplying the mean value by plant population of plot and hectare. The

value of each parameter was obtained as per plot and per hectare.

3.17 Data analyses

The data on various growth and yield contributing characters of
mungbean varieties were statistically analyzed to determine the significant
variation of the results due to different agroforestry system. The analysis of
variance for each of the studied character was done by F (variance ratio) test
following Randomized Complete Block Design (RCBD). These data were
analyzed statistically following ANOVA technique and means separations

were adjusted by DMRT test at 1% and 5% level of significance.
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CHAPTER 4: RESULTS AND DISCUSSION

This chapter comprises the presentation and discussion of the results from
the experiment carried out to study the performance of mungbean varieties as
green manuring crop in agroforestry system. The data have been presented in
table(s), Figure(s) and a summary of the analysis of variance in respect of all the
parameter. The result of each parameter has been discussed and possible
interpretation where ever necessary has been given under the following

headings.

4.1 Biomass contribution of Mungbean varieties
4.1.1 Plant weight (above ground)

Significantly the highest weight/plant at 50 and 75 DAS were recorded
16.56 g and 30.12 g respectively in V4 which followed by V3, V, (at 50 DAS
13.56 g and 12.99 g produced by V3, V, and 22.46 g, 22.00 g were produce by
Vi, V; at 75 DAS respectively) although the value of weight/plant in V; and V,
was statistically identical (Table 1). Significantly the lowest weight/plant was

found in both 50 and 75 DAS in V.

4.1.2 Root weight

At 50 DAS, significantly the highest root weight/plant (6.44 g) was
recorded in V, that was followed by V,(5.67 g) and the lowest value was found
in Vs (3.54 g). On the other hand, V, produced significantly the highest root
weight/plant (6.85 g) at 75 DAS that was followed by V, (6.29 g). Significantly
poor performance was found in Vs (4.81 g) at 75 DAS (Table 1).
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4.1.3 Nodule weight

Significantly the highest nodule weight/plant was produced by V,
(0.38 g) and the lowest value was found in Vs (0.22 g) at 50 DAS.The trend of
variation in nodule weight/plant at 50 DAS was similar to root weight/plant at
75 DAS. At 75 DAS, maximum nodule weight/plant was found in V4 (0.27 g)
that was followed by V; (0.18 g) and V, (0.18 g).The lowest value was found in
V2(0.13 g) (Table 1).

4.1.4 Total weight i.e. biomass per plant

Significantly the highest biomass/plant at 50 DAS and 75 DAS were
recorded 22.62 g and 45.26 g respectively in V4 which followed by V3, V,
(Table 1) although the value of biomass/plant in V;(18.67 g at 50 DAS, 39.37 g
at 75 DAS) and V, (18.37 g at 50 DAS and 40.14 g at 75 DAS) was statistically
identical. Significantly the lowest biomass/plant was found in both 50 DAS and
75 DAS in Vs.

4.1.5 Total biomass per hectare

Significantly the highest total biomass/ha at 50 DAS and 75 DAS
were found 814.4 kg and 1629.65 kg respectively in V, which followed by V3,
V, (Table 1) although the value of total biomass/ha in V3 (672.2 kg at 50 DAS
and 1413.09 kg at 75 DAS) and V, (673.7 kg at 50 DAS and 1445.23 kg at 75
DAS) was statistically identical. The significantly the lowest total biomass/ha
was found in both 50 DAS and 75 DAS in V.
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Table 1-Biomass contribution of mungbean varieties as green manuring

crop in agroforestry system.

(Above ground) Root Nodule Total wt/plant Incorporated
Variety Weight/plant weight/plant weight/plant i.e.biomass/plant | biomass/ha
(8 (2) (2) (8) (kg)
SODAS | 7SDAS | S0DAS | 75DAS | 50DAS | 75DAS | 50DAS | 75DAS 75DAS
Vi 1047¢c | 16.21¢c | 3.58d | 4.88c | 024c | 0.18b | 14.10c | 28.28¢c 747.18¢
V, 1299b [ 22.00b | 6.44a | 6.29b | 0.28b | 0.13¢c | 18.67b | 40.14b 1022.58b
V; 13.56b | 22.46b | 480c | 6.18b | 0.29b | 0.18b | 18.67b | 39.37b 1038.06b
V, 16.56a | 30.12a | 5.67b | 6.85a | 0.38a | 0.27a | 22.62a | 45.26a 1341.02a
Vs 7.07d | 9.72d | 3.54d | 481c | 022¢c | 0.15¢c | 1091d | 21.96d 529.74d
Le\"e] Of * % * % *% *% *% *k LE
significance - -
LSD 0.05% | 0.5987 | 0.5303 | 0.3118 | 0.1977 | 0.03166 | .00708 | 0.8226 | 1.014 26.59

4.1.6 Biomass added to the soil
Significantly the highest incorporated biomass/ha at 75 DAS was
recorded 1341.02 kg in V4 that was followed by V; (1038.06 kg), V> (1022.58
kg). Although the value of incorporated biomass/ha in V3, V, was statistically

identical. Significantly the lowest incorporated biomass/ha were found in Vs

(Table 1).

The study revealed that V, performed the best in all growth

parameter except root weight/plant at 50 DAS.
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4.2 Effect of trees on biomass contribution of mungbean varieties.
4.2.1 Plant weight (above ground)

At 50 DAS, effect of trees on weight/plant of mungbean was
insignificant (Table 2). Although numerically the highest weight/plant was
obtained in T, (open field) that was followed by T; (ghoraneem). The lowest
value was found in T, (Ipil-ipil). At 75 DAS, significantly the lowest
weight/plant (18.03g) was found under ghoraneem (T;) and the highest value of
weight/plant obtained from open field (T,).The second highest weight/plant
(19.89g) was recorded under mango (T;). At 75 DAS significant effect was

found due to various shade created by different canopy of MPTs.

4.2.2 Root weight

The effect of trees on root weight/plant was found similar to that of
weight/plant. At 50 DAS, effect of trees on root weight/plant of mungbean was
insignificant (Table 2). Although numerically the highest root weight/plant was
obtained in T, (open field) that was followed by T; (ghoraneem). The lowest
value was found in T, (Ipil-ipil).At 75 DAS, significantly the lowest root
weight/plant (4.88g) was found under ghoraneem (T3) and the highest value of
root weight/plant obtained from open field (T;).The second highest root
weight/plant (6.12g) was recorded under mango (T,).At 75 DAS, signiﬁcant

effect was found due to various shade created by different canopy of MPTs.

4.2.3 Nodule weight
At 50 DAS, effect of trees on nodule weight/plant of mungbean was

insignificant (Table 2). Although numerically the highest nodule weight/plant
was obtained in T, (open field) that was followed by T3 (ghoraneem). The
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lowest value was found in T, (Ipil-ipil). At 75 DAS, significantly the lowest
nodule weight/plant (0.15g) was found under ghoraneem (T3) and highest value
of nodule weight/plant obtained from open field (T,).The second highest nodule
weight/plant (0.19g) was recorded under mango (T,). At 75 DAS significant

effect was found due to various shade created by different canopy of MPTs.

4.2.4 Total biomass per plant

At 50 DAS, effect of trees on total biomass/plant of mungbean was
insignificant (Table 2). Although numerically the highest total biomass/plant
was obtained in T, (open field) that was followed by T; (ghoraneem).The lowest
value was found in T, (Ipil-ipil). At 75 DAS, significantly the lowest total
biomass/plant (30.88g) was found under ghoraneem (T;) and the highest value
of total biomass/plant obtained from open field (T,).The second highest total
biomass/plant (35.40g) was recorded under mango (T,). At 75 DAS, significant

effect was found due to various shade created by different canopy of MPTs.

4.2.5 Total biomass per hectare
Significantly the highest total biomass/ha at 50 DAS and 75 DAS were

recorded as 689.86 kg and 1441.23 kg respectively in T, which was followed by
T, (at 50 DAS 618.42 kg and at 75 DAS 1274.56 kg). Significantly the lowest
value was measured as 569.57 kg at 50 DAS and 1111.68 kg at 75 DAS in T,
and T; respectively (Table 2).
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Table-2 Effect of trees on biomass contribution of mungbean

varieties as green manuring crop in agroforestry system.

Tree Weight/plant Root Nodule Total wt/plant Incorporated
species (2) weight/plant (g) | weight/plant (g) | i.e.biomass/plant | biomass/ha
(8) (kg)
SODAS | 7SDAS | S0DAS | 7SDAS | 50DAS | 75dAS | S0DAS | 75DAS 75 DAS
A T, 13.12 | 22.57a 3.7 6.93a 0.32 0.22a 19.16 | 40.13a 1070.35a
T, 11.86 | 19.89b | 5.03 6.12b 0.27 0.19b 17.17 | 35.40b 943.65b
T; 11.89 | 18.03d | 5.71 4.88d 0.25 0.15d 15.86 | 30.88d 830.80d
T, 11.2 19.09¢c | 4.29 5.67c 0.29 0.17¢c 15.82 | 33.60c 898.06¢c
Leve] Of NS * % NS *k NS *% NS ** *%
significance
LSD 0.05% - 0.4743 - 0.1769 - 0.006332 0.9069 23.78

4.2.6 Biomass added to the soil

Significantly the highest incorporated biomass/ha at 75 DAS was

measured by T, 943.65 kg. Significantly the lowest incorporated biomass/ha was
(830.80 kg) measured at 75 DAS in T; (Table 2).
The study revealed that T, performed the best (1070.35 kg) in all

growth parameter
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4.3 Interaction effect of trees and mungbean varieties on biomass
contribution
4.3.1 Plant weight (above ground)
From the interaction effect, significantly the highest weight/plant at 50
DAS and 75 DAS were recorded 17.76g and 32.67g respectively in V,T,.
Significantly the lowest weight/plant was recorded in both 50 DAS (6.39 g) and
75 DAS (8.55 g) in VsT; (Table 3).

4.3.2 Root weight
From the combined effect, the highest root weight/plant at 50 DAS and

75 DAS was produced 7.72g & 8.78g respectively in V,T,. Significantly the
lowest root weight/plant was produced in VsT; (2.37 g) at 50 DAS and in VT3
(3.15) at 75 DAS (Table 3).

4.3.3 Nodule weight

According to combined effect, the highest nodule weight/plant at 50
DAS was 0.43 g in V,T,which was followed by V3T, (0.34 g). The lowest value
of nodule weight/plant at 50 DAS was 0.14 g in V,T;. The highest nodule
weight/plant at 75 DAS was found in V4T, (0.34g) which was followed by V,T3
(0.29 g). The lowest value of nodule weight/plant was 0.10 g at 75 DAS in V,T;
(Table 3).

4.3.4 Total weight i.e. biomass per plant

Significantly the highest biomass/plant at 50 DAS was found 24.85 g in
V4T, that was followed by V,T,; (23.64 g). Significantly the lowest
biomass/plant at 50 DAS was found in VsT; (9.00 g). Significantly the highest
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biomass/plant at 75 DAS was found 50.00 g in V,T, that was followed by V,T,
(45.91 g). Significantly the lowest biomass/plant at 75 DAS recorded in VsT;
(19.22 g) (Table 3).

4.3.5 Total biomass per hectare

Significantly the highest total biomass/ha at 50 DAS was measured as
894.85 kg in V4T, that was followed by V4T, and V,Ts. Although the value of
total biomass/ha in V,T, (813.00 kg) and V,T; (806.60 kg) was statistically
identical. At 75 DAS, the highest value was measured as 1800.00 kg in V,Tthat
was followed by V,T, (1652.85 kg). Although the value of total biomass/ha in
V4T, (1652.85 kg) and V,T, (1689.86 kg) was statistically identical. The
significantly lowest total biomass/ha was measured in both 50 DAS (328.15 kg)
and 75 DAS (691.92 kg) in VsT; (Table 3).

4.3.6 Biomass added to the Soil
Significantly the highest incorporated biomass/ha at 75 DAS was shown

1473.48 kg in V,T, that was followed by V4T, (1346.85 kg) and V4T, (1308.60
kg).Although the value of incorporated biomass/ha in V,T, and V,T, was
statistically identical. Significant the lowest value was shown in VT3 (457.92
kg) (Table 3).

The study revealed that interaction effect of V,T, combination

performed the best in all growth parameter except root weight/plant in both 50
DAS and 75 DAS
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Table-3 Interaction effect of trees and mungbean varieties for biomass

contribution as green manuring crop in agroforestry system

— Weight/plant Root weight/plant | Nodule weight/plant | Total biomass/plant
(® () (8 (®
50 DAS | 75DAS | S50DAS | 75DAS | 50 DAS 75DAS 50DAS | 75DAS
ViT, 10.71 ij 18.39 h 420hi | 5.24 fg 0.27c-g 0.20e 15.19fg | 32.58g
ViT, 9.93 ] 17.001 401 hi | 490gh | 0.25fgh 0.16 gh 14.19gh | 30.06 h
VT3 11.76hi 1430 j 2.28k 215k 0.21 gh 0.14 ij 14.26gh | 23.86jk
VT, 9.50j 15.15] 3.04; 4,251 0.22 gh 0.13ij 12.75hi 26651
V,T, 14.15¢f | 24.80e 772 a 8.78a 0.30 c-f 0.16gh | 22.18bc | 46.94b
V,T; 11.92hi 20.00 g 595¢ 7.10¢ 0.18 hi 0.14 ij 18.06de 39.35e
V,T3 11.57hi 19.11gh | 4.92efg | 6.30de 0.141 0.10 k 16.64fe 35.66 f
V,T, 12.13 h 2000g | 5.59cde | 7.00¢c 0.25fgh 0.13; 17.98de | 38.63e
ViT, 1542cd | 26.01d | 5.57cde | 7.22¢ 0.34 fgh 0.22d 21.33bc | 46.26 b
V,T; 13.45fg 22.25f | S5.16def | 6.50d 0.24bcd 0.20e 18.86d 39.10e
V;T3 12.77gh | 20.11 g 3.871 5.00 gh 0.23 be 0.15 hi 16.8%¢f | 34.37fg
V;T, 12.61gh | 21.50f | 4.62fgh | 6.00¢ 034 b 0.18 f 17.60de | 37.78 e
V,T, 17.74 a 32,67 a 6.68b 792b 043 a 0.34a 24.85a 50.00 a
VT, 16.42bc | 30.12b 573cd | 7.00¢ 041 a 0.29b 22.58bc | 4591b
V13 16.97 ab 28.12 ¢ 5.10def 599¢ 0.32 ab 020e 22.40bc 41.31d
V4T, 15.11dc 29.59b 5.15def | 6.50d 0.38d-g 0.26 ¢ 23.64b 43.85¢
VT, 7.58k 1098k | 4.39ghi | 553 f 0.26 efg 0.20e 12.24i 24.89 ij
VT, 7.58 k 10.11kl | 4.32ghi | S.11g 0.27 efg 0.18 f 12.18i 22.60kl
VT3 6.39k 8.55m 237k 4,00 j 0.34bed 0.17 fg 9.11j 19.22m
VT, 6.73k 9.25 ml 3.08 460 hi | 0.27defg 0.18 f 10.11j 21.13Im
Levelzf-‘ * % *k * * % * % *% * *%
significance
LSD 0.05% 1.197 1.061 0.6237 | 0.3955 0.06332 0.01516 1.645 2.028
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4.4  Yield contribution of mungbean varieties
4.4.1 Pod length

Significantly the highest pod length was recorded 6.91cm in V; that was
followed by V4 (6.13cm). Significantly the lowest pod length was found in V;
(5.08cm) (Table 4).

4.4.2 Number of pod

Significantly the highest number of pod/plant was measured as 14.90
in V, followed by V, (12.35). Although V3 (10.75) and V, (10.86) statistically
identical. Significantly the lowest number of pod/plant was shown in Vs (6.77)
(Table 4).

4.4.3 Number of seed

Significantly the highest seed/pod was produced 5.53 in V; that was
followed by V, (5.15) and V, (5.24) although the value of number of seed/pod in
V, and V, was statistically identical. Significantly the lowest no. of seed/pod
was found in V5 (3.39) (Table 4).

4.4.4 1000 seed weight
Significantly the highest value of 1000 seed weight was recorded 36.91g

in V; that was followed by V, (30.32g) and V, (30.63g). Although the value of
1000 seed weight in V; and V4 was statistically identical. Significantly the
lowest value of 1000 seed weight was found in Vs (11.16g) (Table 4).
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4.4.5 Grain yield per plant

The highest yield/plant was given 2.41g by V3 which was followed by V,
(2.33g) and V, (2.17g).Although the value of V; and V, was statistically

identical. The significantly lowest value of yield/plant was shown in Vs (0.78g)

(Table 4).

Table-4 Yield contribution of mungbean varieties as green manuring crop

in agroforestry system

Variety Pod length No of No. of 1000 seed Grain
(cm) pod/plant | seed/pod | weight (gm) | yield/plant (gm)
Vi 5.99 be 14.90 a 449 ¢ 3032 b 233a
Vs 587c 1235b 5.15b 29.03 ¢ 2.17b
V; 691 a 10.75 ¢ 553a 3691 a 241 a
V4 6.13 b 10.86 ¢ 5.24b 30.63 b 205¢
Vs 5.08d 6.77 d 3.39d 11.16d 0.78d
Level of
significance d " e o -
LSD 0.05% 0.2015 0.5982 0.2182 0.6144 0.08955
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4.4.6 Grain yield per hectare

Significantly the highest yield/ha was measured as 910.50 kg in V; that
was followed by V (812.40kg). The value of yield/ha in V, (787.50kg) and V,
(774.80kg) was statistically identical. Significantly the lowest value of yield/ha
was given by Vs (382.00kg) (Table 4).

The study revealed that V; performed the best in all yield parameter

except number of pod/plant.

4.5  Effect of trees on yield contribution of mungbean varieties
4.5.1 Pod length

The effects of trees on pod length of mungbean varieties were
insignificant. Although numerically the highest pod length was recorded 6.11cm
in T, that was followed by T, and T,. Although the value of T, (6.03cm) and T,
(5.94cm) was statistically identical. Significantly the lowest pod length was
found in T3 (5.89cm) (Table 5).

4.5.2 Number of pod
Significantly the highest number of pod/plant was produced 12.58 in T;

that was followed by T, (11.81). The value of number of pod/plant in T3 (9.97)

and T4 (10.15) was statistically identical. Significantly the lowest number of

pod/plant was found in T3 (9.97(Table 5)).

4.5.3 Number of seed
Significantly the highest number of seed/pod was shown 5.26 in T, that
was followed by T, (5.01). The value of number of seed/pod in T3 (4.29) and T,
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(4.47) statistically identical. Significantly the lowest no.of seed/pod was
recorded in T; (4.29) (Table 5).

4.5.4 1000 seed weight

Significantly the highest 1000 seed weight was measured as 28.50g in T,
that was followed by T, (27.81g) (Table 5). The value of 1000 seed weight in T;
(26.94g) and T, (27.19g) was statistically identical. Significantly the lowest
1000 seed weight was produced in T; (26.94g).

4.5.5 Grain yield per plant

Significantly the highest yield/plant was recorded 2.20g in T, that was
followed by T, (2.05g) (Table 5). Significantly the lowest yield/plant was found
in T3 (1.70g)

Table-5 Effect of trees on yield contribution of mungbean varieties as green

‘manuring crop in agroforestry system

Tree Pod length No of No. of 1000 seed Grain
species (cm) pod/plant | seed/pod | weight (gm) | yield/plant (gm)
T, 6.11 12.58 a 526a 28.50 a 220 a
Ty 6.03 11.81b 501b 27.81b 2.05b
Ts 5.89 997c 429¢ 2694 ¢ 1.70d
T4 5.94 10.15¢ 447c 27.19c¢ 1.84c
Level of
significance NS e = s b
LSD 0.05% - 0.5351 0.1952 0.5495 0.08010
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4.5.6 Grain yield per hectare

Significantly the highest yield/ha was measured as 806.70kg in T, that
was followed by T, (754.80kg). Significantly the lowest yield/ha was found in
T; (669.10kg) (Table 5).

The study revealed that T, (open field) performed the best in all yield

parameter.

4.6 Interaction effect of trees and mungbean varieties on grain yield of
mungbean
4.6.1 Pod length
The interaction effects on pod length of mungbean were insignificant.
Although numerically the highest pod length was recorded 7.00cm in V;T;. The
lowest pod length was found in V5T, (5.00cm) and V5 T; (5.00cm) (Table 6).

4.6.2 Number of pod

The interaction effects on no. pod of mungbean were insignificant.
Although numerically the highest number of pod/plant was produced 16.48 in
VT, that was followed by V,T, (15.00). The number of pod/plant in V,T;
(14.00) and VT, (14.10) was statistically identical. Significantly the lowest
number of pod/plant was recorded in VsT; (5.39) (Table 6).

4.6.3 Number of seed
Interaction effect showed the highest number of seed/pod 6.21 in V,T,

was statistically identical with V3T, (6.12). The lowest number of seed/pod was

obtained at V5T, (3.30) (Table 6).
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4.6.4. 1000 seed weight

Effect of interaction gives the highest 1000 seed weight 38.25g in V3T,
followed by V3T, (37.50g). The value of 1000 seed weight in V;T, and V5T,
was statistically identical. The lowest 1000 seed weight was found in VsTs;

(11.00g) and V5T, (11.00g) (Table 6).

4.6.5 Grain yield per plant
The highest yield/plant were produced 2.82g by V;T,which was followed
by V3T, (2.70g). The value of yield/plant in V5T, and V;T, was statistically
identical. The significantly lowest yield/plant was recorded in VsT; (0.50g)
(Table6).

4.6.6 Grain yield per hectare
Interaction effect provides significantly the highest yield/ha 1019.00kg in
V3T, that was followed by V3T, (966.00kg). The value of yield/ha in V,T,
(856.00kg) and V;T, (851.60kg) was statistically identical. Significantly the
lowest yield/ha was recorded in VT3 (320.00kg) (Table 6).

Considering the effects of interaction, the study revealed that V,T,
combination performed the best in all yield parameter except number of

pod/plant and number of seed/pod.
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Table-6 Interaction effect of trees and mungbean varieties for yield

contribution as green manuring crop in agroforestry system

Interaction | Pod length No of No. of 1000 seed Grain
(cm) pod/plant | seed/pod weight (gm) | yield/plant (gm)
ViTy 6.13 16.48 489%¢ 31.32cd 2.52b
ViT, 6.00 15.00 4.72 ef 30.11 def 2.45 be
ViT; 5.88 14.00 4,00 g 29.90 ef 2.10 ef
ViTs 5.95 14.10 435 fg 29.95 ef 2.25de
VaT, 6.03 13.17 6.2l a 29.16 f 2.38 bed
VoT, 5.90 13.00 5.90 ab 29.00 f 2.18 ef
VaT; 5.78 12.00 420¢g 2895 f 2.00 fg
VaTy 5.78 1135 430 fg 29.00 f 2.10 ef
V3T, 7.00 12.07 6.12a 38.25a 282a
V3T, 6.95 11.59 5.59 be 3750 a 270 a
ViT; 6.78 9.35 5.00 de 35900 2.00 fg
V3T, 6.89 10.00 539¢cd 36.00b 2.11¢f
V4T, 6.23 12.67 5.60 be 3240c¢ 2.29 cde
V4T, 6.20 12.35 5.45 bed 31.15 cde 2.00 fg
V4T, 6.00 9.10 490e 28.95f 1.89¢g
V4T, 6.10 9.31 5.00 de 30.00 def 2.00 fg
VsT, 5.20 8.50 3.50h 1135¢g 1.00 h
VT, 5.10 7.01 340 h 11.30g 0.90 hi
V5T 5.00 5.39 335h 11.00 g 0.50j
VT, 5.00 6.10 330h 11.00 g 0.751
Level of
significance NS NS e " e
LSD 0.05% - - 0.4364 1.229 0.1791
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

The result of the present studies showed that performance of mungbean
varieties grown under tree species varied significantly. Among the five varieties
of Mungbean, BARI Mug-6 significantly contributes the highest biomass that
was followed by BARI Mug-3 and then BARI Mug-4, for yield contribution

BARI Mug-5 was found superior. Local variety was not suitable at all.

Therefore, it may be predicted that most of the varieties of mungbean are
suitable for green manuring in agroforestry system, but their degree of suitability
may be ranked as BARI Mug-6>BARI Mug-5>BARI Mug-4>BARI Mug-
3>Local variety for biomass production and BARI Mug-5>BARI Mug-3>BARI
Mug-4>BARI Mug-6>Local variety for yield contribution.

On the other hand, T, produce the highest biomass (V) and yield (V3)
which was followed by T, (mango). The results revealed that the production of

mungbean may be ranked as open field > mango >ipil-ipil > ghoraneem. So the

suitability of the best combination for biomass production is V4T, where V3T is

better for yield contribution.

In conclusion, it can be predicted that only for green manuring crop
(considering biomass contribution at 50 DAS) for soil health development V,
(BARI Mug-6) is the best among the above varieties. If grain yield is desirable
then V3 (BARI Mug-5) will be superior variety. It can also contribute 2" highest

biomass.
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APPENDICES

Appendix 1.Distribution of monthly temperature, relative humidity and rainfall

of the experimental site during the period from April to July 2005.
Wheat Research Centre, Dinajpur (2005).

Month Humidity Temperature DC Total
rainfall
% Minimum | Maximum
April 83 21.1 32.8 54.0
May 77 215 31.9 213.0
June 82 232 332 333.0
July 85 25.8 32.0 369.0

Appendix 2.Biomass contribution of Mungbean varieties as green manuring

crop in agroforestry system

Variety Total biomass/ha (kg)

SODAS 75DAS
Vi 507.7¢c 1018.17c
v, 673.7b 1445.23b
Vs 672.2b 1413.09b
\Z 814.4a 1629.65a
Vs 392.9d 790.56d

Level of significance * %k
LSD 0.05% 23.79 33.02
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Appendix 3. Effect of trees on biomass contribution of mungbean

varieties as green manuring crop in agroforestry system.

Tree species Total biomass/ha (kg)
50 DAS 7SDAS
i 689.86a 1441.23a
T, 618.42b 1274.56b
Ts 571.03¢c 1111.68c
T4 569.57c 1209.89b
Level of significance i .
LSD 0.05% 23107 35.54
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Appendix 4.Interaction effect of trees and mungbean varieties for biomass

contribution as green manuring crop in agroforestry system

ettt Total biomass/ha (Kg) Incorporated
biomass/ha (kg)
50 DAS 75DAS 75DAS
ViT, 547.03f 1172.88g 857.88g
VT, 511.13fg 1082.16h 794.16h
VT3 513.35fg 858.24jk 633.24j
VT, 459.55gh 959.401 703.441
V.T, 798.60b 1689.86b 1214.64c
V,T, 650.23de 1416.6¢0 980.64e
V,T3 599.03¢ 1283.76e 918.36f
V.T, 647.30de 1390.68e 976.68e
V5T, 767.97bc 1647.36b 1204.20c
V3T, 679.15d 1407.60e 1042.20d
V313 608.03e 1237.32fg 909.36fg
V3T, 633.70de 1360.08e 996.48de
V4T, 894.85a 1800.00a 1473.48a
VT, 813.00b 1652.85b 1346.85b
VT3 806.60b 1487.16d 12.35.16¢
V4T, 743.22¢ 1578.60c 1308.60b
V5T, 440.83h 896.04ij 601.56jk
V5T, 438.60h 813.60kl 554.40kl
VT3 328.15i 691.92m 457.92m
VT, 364.08i 760.681 505.08Im
Level of significance e ok o
LSD 0.05% 51.58 66.04 53.18
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Appendix S. Yield contribution of mungbean varieties as green manuring crop

in agroforestry system

Variety Grain yield/ha (kg)
Vi 812.40b
V; 787.50 ¢
V, 910.50 a
Vi 774.80 ¢
\2 382.00d
Level of significance e
LSD 0.05% 18.52

Appendix 6. Effects of trees on yield contribution of mungbean varieties as

green manuring crop in agroforestry system

Tree species Grain yield/ha (kg)
T 806.70 a
T 754.80 b
T; 669.10d
Ty 703.10 ¢
Level of significance e
LSD 0.05% 16.56
83
I I Blll
VT, 427.20 j
VT, 416.00
VsT; 320.001
V5T, 365.00 k
Level of significance .3
LSD 0.05%




