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ABSTRACT

While considering the vital role of forest as grazing resource, the importance of fodder cum fuel trees
need to be assessed to establish and procure more fuel during greater part of the year. Be sides other
parameters, the search on fodder tree evaluation as fodder resource is necessary with other crops. The
vital role of wasteland areasand to convert them into productive ecosystems by making use of different
shrubswasconsdered pre-eminent. I n thisdirection, acontinuous program for three yearswas conducted
on fundamental cum applied role of shrubland plantsin raising biomass productivity.

INTRODUCTION

The untimely rains and periodical droughtslowered down the water table, and it isvery likely that
large areaswould be reduced to severe dry conditionswith poor supply of fuel, fodder or either, and
itislikely toworsento acritical nonretrievable condition in near future.

Thestraight measuresto restore denuded grasslandsby proper plant cover by cultivating trees of
fuel cum fodder have importance under afforestation and crop rotation. Thisisa system of natural
renewabl e resources for energy and better environment, which perhapswould be a solution to avert
further narrowing of the situation.

Animportant factor in favour of the naturally growing plant speciesand bushesisthat they have
permanent and deep root systems, which helpto stabilizethe soil, control erosion under heavy rains,
can tap water and nutrients that are not available to most of the grasses, and consequently remain
green while grasseswither.

It was observed that the plantsfor fodder and fud like Leucaena species, Sesbania seshan, Sesbania
grandiflora, Gliricidia maculata and Moringa ol eifera can be cultivated on small scale or inisolated
patches (Chandolkar 1982, Damodaran 1984, Dev 1968, Hegde 1983, Relwani et al. 1969). Realiz-
ing the potential of these crops, it wasthought to take straight measuresto restore the denuded areas
by using these plant species.

MATERIALS AND METHODS

About 5000 seedlings of Sesbania sesban, Leucaena |eucocephala, Sesbania grandiflora, Moringa
oleifera and Gliricidia maculata wereraised in nursery and an additional ot of 5000 seedlings was
kept ready as backup programmetofill inthe gaps. The preparationswere doneinthe April of 1997.
Care wastaken that raised seedlingsin polythene bags were healthy before transplantation.

The plantation was done on ahectare of thewasteland at Kamtha, 12 km away from Nanded. The
experimental sitewastypical black cotton soil. The soil testing was donefor field capacity, pH and
N contents. The field capacity of soil ranged from 20% to 40% while pH (of the location at three
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different depths of 15cm, 23cm and 30.5cm) ranged as 7.1, 7.3 and 7.6 respectively. TheN % of the
soil wasinvariably low.

Theland was prepared by deep plough (23cm), harrowed four times north south and east west to
attain fine tilth. 40 cart-load/ha cow dung manure was added, spread and mixed thoroughly. The
experimental areawas demarked exactly into five environments of 60m x 6masE T -E, T, occupy-
ing an areaof 6m x 240m. The demarcation between E, T -E_T, wereinterspersed with astrip (1.5m
x 240m) in between and on either side of the experimental site. Thus, each block of 60m x 6m
coversan area of 240m was designated astree environment. In al the 5tree environments, Sesbania
sesbanin E; T, Leucaena leucocephalain E,T,, Sesbaniagrandiflorain E,T,, Moringa oleiferain
E,T,and Gliricidia maculata in E,T, were raised. The layout of the experiment was in Complete
Randomised Block Design (CRD) with four replications.

Two saplings at the distance of 7.5m x 6m apart were planted inapit of 0.6m x 0.6m x 0.6m
size, about 5 kg mixture of organic manurewasadded. The saplingsweretransferred from polythene
bagsto field in all the 5 Tree Environment established as E, T,- Environment, E,T,-Environment,
E,T_-Environment, E,T,-Environment, E.T_-Environment. In each Tree Environment, 2 sapling of
five shrub species were planted at a distance of 1.5m, thus, each tree Environment received five
plants specieswhich were later converted to shrub canopy. A tree environment was, thus, provided
with apopulation of 18 treesand 32 shrubs.

The objective wasto grow the shrubs as undergrowing coppice, these saplingswere trained and
trimmed such that they grew into an ideal browse (a second story below tree canopy). The shrub
established very well and then allowed to grow to adesirable height to harvest and regrowth regen-
eration.

The design of experimental layout was conditioned to establish Tree Environment first, then
undergrowing shrubs, followed by the grasses as ground carpet for the efficient use of light, water
and nutrients.

Thegrass species of Panicum, Pennisetum and Teosinte asground cover were established inlong
stripsof 0.3m x 60m (in each tree block and four replication) in between shrub plantation, whilethe
seeds of Amaranthuswere sown in line distance of 0.3 m x 60 m.

A successful three tier green canopy was established against the vagaries of climatic conditions.

T1Eq Tk, T3Eg
Sy xSy x83%x8yx85]|Syx83x84x85x8y|[83%84x85x8;x8y
Gy x Gy xG3 x Ap Gy xGy x Gy x Ap Gy %Gy xG3 x Ap
T4E4 TsEs
S4%x85%8; x8yx83 S5x 81 x8yx 83 %8y

Gy x Gy xG3 x Ap Gy x Gy ~ UGy x Ap
El Tl - Environment of tree Sesbania sesban S, - Indicates Shrub Sesbania grandiflora
E2 T2 - Environment of tree Leucaena leucocephala S, - Indicates Shrub Moringa oleifera
E3 T3 - Environment of tree Sesbania grandiflora S, - Indicates Shrub Gliricidia maculata
E4 T4 - Environment of tree Moringa oleifera G, - Indicates Grass Panicum maxicum
E5 T5 - Environment of tree Gliricidia maculata G, - Indicates Grass Pennisetum typhoidum
S - Ind icates Shrub Sesbania sesban G, - Indicates Grass Euchleana maxicana

S, - Indicates Shrub Leucaena leucocephala Ap - Indicates Herb Amaranthus paniculatus
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Table 1: Number of Harvestsin shrubs, grasses and Amaranthus.

Sr. No. Name of Species Harvest

| styear I nd year 111 rd year

(1999-2000) (2000-2001) (2001-2002)
1. Sesbania sesban 3 harvest 4 harvest 4 harvest
2. Leucaena leucocephala 3 harvest 4 harvest 4 harvest
3. Seshaniagrandiflora 2 harvests 4 harvest 4 harvest
4. Moringa oleifera 2 har 'ests 4 harvest 4 harvest
5. Gliricidia maculata 2 harvests 4 harvest 4 harvest
6. Panicum maxicum 3 harvests 6 harvest 6 harvest
7. Pennisetwn typhoidum 6 harvests 6 harvest 6 harvest
8. Teosinte maxicana 3 harvests 3harvest 3 harvest
9. Amaranthus paniculatus 3 harvests 3 harvest 3 harvest

Thus, each Tree Environment was a combination of S S, (shrubs) as aerial and G,-G, (grasses) and
Amaranthus as ground canopy. The studies on harvest technology confirmed that the harvest at
breast height (HBH) yielded high biomass whiletrees were left unchopped for five years (Kulkarni
& Dev 2007).

The harvest operationswere carried out, the shrubsfrom each Tree Environment were harvested
at HBH heights with grass species at different times of the season/year. The biomass collected at
each harvest asfresh produce was measured as kg/u.a./harvest. The harvested biomass was brought
to laboratory for further analysis.

The investigation trials on height of the harvest 150 cm was considered an ideal for regrowth
harvest. Inthe year 1998-1999 harvesting the shrubswas done not under the influence of tree envi-
ronmental conditions, while in the succeeding years, all the shrub browseswere subjected to grow
under the influence of tree environment.

About 100 g of biomass from each shrub species from each replicate of Tree Environment was
collected in triplicate and dried at constant temperature 98 + 2°C for dry matter determination till
constant weight. The per cent dry matter (dm) was determined and total dm was cal culated on dm %
basis and represented as dm kg/unit area/harvest. The number of harvestsfor each shrub speciesin
Tree Environment are presented in Table 1.

The N % analysis of the samples was done. The N was determined and reported as % N. The
crude protein (cp) % was calculated by multiplying N % X 6. The cp yields were cal culated on dry
matter basisand represented as kg cp/unit area/harvest.

The freshly harvested leaf samples of five shrubland species at each harvest were analysed for
1st, IInd and I11rd year to confirm the findings. The data collected for biomass, dry matter and crude
protein yield in shrubland speciesfor three years were subjected for statistical analysis and the re-
sultsare presented in Tables 2, 3 and 4.

RESULTS

Biomass. The two way interaction effect for biomass production in shrubsis presented in Table 2.
The datarevealed that significant increase in biomass wasrecorded in shrub Sesbania sesban under
Sesbania seshban tree environment over Leucaena leucocephala, Sesbania grandiflora, Moringa
oleifera and Gliricidia maculata. Highest biomass was recorded in shrub Leucaena leucocephala
(4251.7 kg/ua) under tree environment of Leucaena leucocephala.
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On mean basis, significantly highest biomass was recorded in tree environment of Leucaena
leucocephal a, while lowest wasin the environment of Gliricidia maculata. The biomasswasat par
in Sesbania sesban and Moringa oleifera. Similarly at par biomass yields were recorded in tree
environment of Sesbania grandiflora and Gliricidia maculata, 8019.8 kg/ua, while highest biomass
was record in Sesbania sesban when cultivated with tree environment of Sesbania sesban and with
Gliricidiamaculata.

It is evident that Leucaena leucocephala and Sesbania sesban as shrubs significantly yielded
high biomass over Sesbania grandiflora and Gliricidia maculata. The comparative study revealed
that Sesbania sesban shrub has an antagoni stic effect when cultivated with Leucaena leucocephal a.
The environment (Moringa oleifera) significantly yielded high biomass when cultivated with tree
Leucaena leucocephala; similarly, high biomasswas noticed in Leucaenaleucocephala when culti-
vated with trees Moringa oleifera and Sesbania sesban. It did not do well when cultivated with
Sesbania grandiflora and Gliricidia maculata.

The data showed that the biomassin all the shrubland speciesunder the environment of Leucaena
leucocephal a was higher by 46%, in Sesbania sesban 31%, in Moringa oleifera 25 % and in Sesbania
grandiflora 8 % over tree environment of Gliricidia maculata. It seemsthat the shrubland species
did not do well with Gliricidia maculata as far asbiomassis concerned. The biomass in shrubland
specieswhen cultivated with different tree environmental conditions showed significant differences.
The genotype x environment interaction were significant.

Dry matter: Table 3 revealsthat interaction effectsin dry matter of shrub x environment are Sgnifi-
cant. Highly significant interactions were revealed in Leucaena leucocephal a under tree environ-
ment of Leucaena leucocephala followed by its cultivation as shrub in environment of Moringa
oleifera, while similar results were noticed under environment of Sesbania sesban followed by
Moringa oleifera. The interaction effects were lowest in the dry matter of Leucaena leucocephala
shrub under tree environment of Gliricidia maculata.

Invariably, the interaction effectswerenonsignificant in Sesbania grandiflora, Moringaoleifera
and Leucaena leucocephala. On mean basis, the datareveal that cultivation of shrub in the environ-
ment of Leucaena leucocephala yielded highest dry matter followed by shrub species cultivation
under Moringa ol eifera. The interaction between biomassand dry matter when consideredin thetree
environment, Sesbania sesban, which stood 2nd in order of merit, remained 3rd in order of merit for
dry matter yields. This indicates high photosynthetic efficiency in shrub species under Sesbania
sesban environment. The high biomass under Sesbania sesban resulted in low dry matter production
perhaps due to low transpiration ratio under Sesbania sesban tree environment, while high dry mat-
ter yieldsin environment of Moringa ol eifera were due to less dense leaf canopy and fine intercep-
tion, a contributing factor for high dry matter yields.

The observations on dry matter, presented in Table 3, reveal asimilar pattern asin biomass. On
the basis of mean values, sgnificant relationswere observed in dry matter between the tree environ-
ments. Anincreased in dry matter by 39% Leucaena leucocephala; 36 % in Moringa oleifera; 33%
in Sesbania sesban and 14 % in Sesbania grandiflora over tree environment of Gliricidia maculata.
Interestingly, an increase in biomass by 46 %, while 39% in dry matter in tree environment of
Leucaena leucocephala, while biomass increase by 39% was observed over tree environment of
Gliricidiamaculata.

Crude protein: The two way interaction, presented in Table 4, on the basis of mean performance,
the shrubland species Leucaena leucocephala significantly yielded higher crude protein over other
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four shrub species under environment of Leucaena leucocephalatree. Similarly, in shrub Sesbania
sesban crude protein yieldswere significantly higher over shrub Seshania grandifloraand Gliricidia
maculata.

The observation revealed that as high as 428 kg/ua of crude protein could be recovered from
shrub specieswhen cultivated with tree environment of Leucaena leucocephal a followed by Moringa
oleifera, while highest crude protein yield was noticed in all the 5 shrubland specieswhen cultivated
intree environment of Leucaena leucocephal a. Thelowest crude protein yieldswererecorded inthe
environment of Gliricidia maculata.

Interestingly, it was noticed that the shrub Leucaena | eucocephal a showed highest crude protein
yield when cultivated with its own tree environment followed by Moringa oleifera and Sesbania
sesban. The crude protein yields were very poor when associated with Gliricidia maculata and

Table 2: Two-way interaction: environment x shrub: Biomass Yield in Shrubs/kg/u.a.

Shrub EI1T1 E2T2 E3T3 E4AT4 E5T5
S, 2540.62 1730.3 21779 1571.8 2502.37
S, 2929.12 4251.75 1557.8 3428.4 12454
S, 594.94 713.81 926.06 604.18 620.35
S, 513.24 482.17 81421 616.01 487.05
S, 883.75 841.79 683.78 908.95 817.13
Total 7461.67 8019.82 6159.75 7129.34 5672.3
SE 288.09

CD at.5% 862.38

Table 3: Two-way interaction: environment x shrub: Dry Matter Yield in Shrubs/kg/u.a.

Shrub EI1T1 E2T2 E3T3 E4AT4 E5T5
S, 537.6 45941 543.83 444.6 559.06
S, 792.36 932.93 389.38 856.22 318.3
S, 134.03 154.7 219.05 135.48 139.62
S, 112.27 106.93 181.25 132.61 106.33
S, 106.08 162.7 147.96 199.27 177.38
Total 1682.34 1816.67 1481.47 1768.18 1300.69
SE 62.117

CD 185.94

Table 4: Two-way interaction: environment x shrub: Crude Protein Yield in Shrubs/kg/u.a.

Shrub EI1T1 E2T2 E3T3 E4AT4 E5T5
S, 115.72 95.55 110.30 101.57 116.95
S, 178.18 206.87 94.94 194.43 7752
S, 4847 55.07 74.37 45.87 4357
S, 28.58 2791 50.8 38.18 2852
S, 38.54 42.6 39.61 47.32 37.03
Total 409.49 428.0 370.08 427.37 303.59
SE 12.840

O
w)

38.437
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Seshania grandiflora. Ashigh as 206.8 kg/uacrude protein yield wasnoticed in tree environment of
Leucaena leucocephala. The crude protein yield to the extent of 46.7% could be recorded in tree
environment of Leucaena leucocephala over theyieldsin tree environment of Gliricidia maculata.

The crude protein yields were in the same range in tree environment of Leucaena leucocephala
and Moringa oleifera, while 21.9% higher were recorded over tree environment of Gliricidiamaculata.
In order of merit, tree environment of Leucaena leucocephala followed by the environment of Moringa
oleifera, Seshania seshan, Gliricidia maculata and Sesbania grandiflora. When the specific shrub
plant species performanceis observed and ranked in order of merit for biomasswith regard to envi-
ronment effects, Leucaenaleucocephala > tree environment of Sesbania sesban > tree environment
of Moringa oleifera > tree environment of Sesbania grandiflora and tree environment of Gliricidia
maculata follow the merit sequence; while, for dry matter and crude protein the environment of
Leucaena leucocephala ranked first and the environment of Gliricidia maculata last for dry matter
and crude protein.

Theorder for merit wasdlightly atered, high biomass produced in tree environment of Leucaena
leucocephala yielded high dry matter and crude protein, whereas low biomass produced in tree
environment of Moringa oleifera yielded high dry matter and crude protein. Thisis perhaps dueto
genotype x environment effect. The high dry matter is on account of effective utilization of inter-
cepted light under multistorey shrub canopy cultivationwhile high proteinyields onaccount of high
nitrogen content.

DISCUSSION

Biomass. The overall performance of the five shrub species when converted into browse and har-
vested at different timeintervalsreveal ed that the biomassyieldsin Sesbania sesban and Leuceana
leucocephala were significantly increased under different tree environments, while lowest biomass
yieldswere observedin Moringaoleiferain E,T,. Highly significant biomassincrease was observed
in Seshania sesban browse when cultivated under its own tree environment (4251.75 kg/ua) fol-
lowed by 3428.4kg/ua, whilelowest when cultivated with Gliricidia macul ata tree environment for
Leuceana leucocephala shrub. The magnitude of variation for Leuceanaleucocephala: E,T,>E,T,
>ET,>ET,>ET,and Seshaniasesban: ET,>ET,>ET,>ET,>ET,.

In three shrub browse (Sesbania grandiflora, Moringa oleifera and Gliricidiamacul ata) signifi-
cantly low biomassyieldswere observed. The resultsindicated adifferential interactionin biomass
yieldsin Leuceanaleucocephala under different setsof environments, whilein Sesbania sesban, the
pattern showed that the shrub Leuceana leucocephala under E,T, giving highest biomass yields,
while SesbaniasesbaninE,T, and ET,. In Leuceanaleucocephala, itwasE,T,, the co-cultivation of
Leuceana leucocephala with Moringa oleifera gave second best yield, while Sesbania sesban co-
cultivation with Gliricidia macul ata second best biomass yieldswere observed. Therefore, the co-
cultivation of Leuceana leucocephala with Moringaoleifera, Sesbania sesban, Gliricidia maculata
and Sesbania grandiflora are worth recommended.

Aslow as 157.8 kg in E,T, environment and as high as 2504.37 kg under Gliricidia maculata
environment were recorded. However, the Leuceana | eucocephala shrub yielded as high as 3428.4
kg under E,T, environment followed by Sesbania sesban environment. Interestingly, in both the
shrub species, the biomass performance was high under their own tree environment, but they did
well for higher biomass yieldsin combination with Gliricidia maculata and Sesbania grandiflora,
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which indicates synergistic effect. On mean basis, environment E, T, yielded significantly highest
biomass followed by Sesbania sesban environment, Moringa oleifera, Sesbania grandiflora, and
lowest in Gliricidiamaculata environment.

Dry matter: The results for dry matter yields indicate significantly high dry matter in Leuceana
leucocephala shrub under E, T, environment followed by E, T, environment; asimilar trend isexhib-
ited in Sesbania sesban environment. Ashigh as 932.93 kg dry matter yieldswere recorded under its
owntree environment followed by E, T, and E, T, environments, while in remaining three shrubs, the
dry matter yields were on lower side. On mean basis, significantly high dry matter yields were
observed in E, T, environment followed by E, T, environment when biomass dry matter yields were
taken into consideration; high biomass produce under E, T, environment yielded low dry matter.

Theresults confirmed that high biomass produce need not yiel d high dry matter while low biomass
produce under E_T, environment, yielded high biomass. Thisconfirmsthe co-cultivation of Sesbania
sesban shrubs with Sesbania grandiflora significantly yielded high dry matter and less biomass.
Remaining three shrub species, however, did not reach significant level; thedataindicate that out of
five shrubs species, only two out-yiel ded Seshania sesban and Leuceana leucocephal a for biomass
and dry matter.

Crudeprotein: Thecrude proteinyieldsshowed asimilar trends; high crude protein yieldsin Leuceana
leucocephala, when cultivated under its own tree environment, followed by Moringa oleifera and
Seshania sesban environments whileunder Gliricidia maculata environment, the crude proteinyield
in Sesbania sesban under its own environment yiel ded high crude protein followed by its cultivation
with Moringa oleifera, Sesbania sesban, Sesbania grandiflora and Gliricidia maculata. Thisindi-
cated that the shrub Sesbania sesban cultivation under Leuceana leucocephal a environment signifi-
cantly yieldshigh crude protein. Hence, not recommended on the ground of nutritional status. Itsco-
cultivation with Sesbania grandiflora affected crude proteinyields, hence, crude protein parameters
damaged to alarge extent. On mean basis, not much difference in crude protein yieldswere observed
between E,T, and E,T, environments.

The biomass, dry matter and crude protein yields were found invariably low under Gliricidia
maculata environment and highest in E, T, environment, therefore, cultivation of five shrubland
species under Leuceana leucocephal a tree environment is desirable, followed by all shrub species
association with Sesbania sesban tree for biomass yields while high biomass and crude protein
yieldsunder Moringa oleiferaisdesirable. Thedifferenceinbiomassyieldsbetween E, T, andE, T,
isdueto shrub x environment interaction effect which did not significantly affect the crude protein
yields.

Established multistoried shrub species hel ped to step up yieldsclock, with shrub system forming
acomposite system. The results with regardsto wasteland utilization were unique. The co-cultiva-
tion of shrub lands species under varying tree environments behaved eco-friendly for high biomass
productivity.
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