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In an agrisilviculture system, trees and crops compete for above and below ground

resources. This study aimed at quantifying the effect of shoot pruning and root barriers

around pollarded trees on the production of crop and tree components with and without

application of fertilizer to the crop. Sorghum (1991 & 1992) and cowpea (1993 & 1994)

were grown as intercrops with Lezicaena trees on a shallow red soil (alfisol) under rainfed

conditions at Hyderabad, India.

Crops grown with pruned trees had higher leaf area index and dry matter than did

those with unpruned trees. The grain yield of sorghum was 76% and 39% of the pure crop

yield (1553 kg ha1) with pruned and unpruned trees with no root barriers. The

corresponding values for cowpea were 49% and 26% of the pure crop yield (1075 kg had).

Jntercropped sorghum and cowpea responded to fertilizer application more strongly than

their respective pure crops, suggesting a need for fertilizer application in an agrisilvi-system

impact of root bamers was not significant on either crop The study suggested that

competition for light was stronger than for soil water Straw and grain yield of sorghum,

and dry matter yield of cowpea were found to be roughly proportional to the amount of light

intercepted by the crop at harvest.



Pruning of trees twice during the cropping season reduced tree diameter growth and

branch and foliage yield compared to no pruning. Unpruned trees yielded 5643 kg ha1 yf1

of branches and foliage compared to 2028 kg ha' yr1 by pruned trees. Pruning eliminated

litter fall and nutrient input to the soil nutrient pool because pruned material was utilized as

fodder. Unpruned trees contributed 103 kg of nitrogen and 6.4 kg of phosphorus per

hectare annually to the soil nutrient pool through litter fall. During the cropping season, soil

water content was higher near the surface in tree plots compared to pure crop plots. Tree

transpiration declined only after more than half of the leaf area was removed. Pruning of

roots to a depth of 60 cm caused no decline in transpiration suggesting trees can draw water

equally well from deeper or shallow soil layers.

The study highlighted the competitive interaction between trees and crops. The

agrisilvi-system produced about 50% more biomass with unpruned trees than with pure crop

or pure tree. Based on cash value (fodder yield equivalent) it would require 1.55 times as

much land if trees and crops were grown separately compared to agrisilvi-system with

unpruned trees. Soil nitrogen economy and stability of fodder and fuelwood production can

be achieved with pollarded-unpruned leucaena trees in an agrisilvi-system but grain crop

yields are severely depressed. Thus, there was little advantage of the agrisilvi-system over

pure cropping for meeting the present and increasing demand of food production. For this

agrisilvi-system to be adopted by subsistence farmers in India ftirther refinements must be

developed so that crop yields are maintained.
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PERFORMANCE OF LEUCAENA, SORGHUM OR COWPEA AND
RESOURCE SHARING IN AN AGRISILVICULTURE SYSTEM

IN SEMI-ARID INDIA

INTRODUCTION

Improved farming systems are needed to enhance productivity and reduce

degradation on hardsetting alfisols in the semi-arid tropics (Smith et al., 1992). A tree and

crop combination provides ecological features and helps reduce the of risk of total crop

failure in the semi-arid tropics. In the monsoonal semi-arid tropics, short growing seasons

make the tree and crop combination competitive rather than complementary. The main

objective of the present study was to quantify the influence of competition between pollarded

Leucaena leucocephala trees and crops on production, and search for ways to enhance

complementarity between trees and crops under rainfed conditions.

This dissertation is divided into seven chapters as follows.

In chapter I, crop growth and yield are presented in response to shoot pruning and

root barriers around trees, with and without application of fertilizer to crop.

In chapter II, tree diameter growth and dry matter yield are discussed in response to

shoot pruning, root barriers around trees and intercropping.

In chapter III, a combined picture of tree and crop output is presented. The

agrisilviculture system is compared with pure systems of trees or crops using different

indices to analyze short term aspects of sustainability.
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In chapter IV, changes in soil N & P content are discussed taking into account the

influence of pruning on tree litter fall and crop fertilization to address nutrient uptake by crop

and long term maintenance of soil productivity.

In chapter V, sharing of light and soil water is examined in response to treatments

imposed on trees.

In chapter VI, a detailed investigation of tree transpiration in response to shoot and

root manipulation is presented. The chapter also discusses the relationships between tree

transpiration and leaf area/environmental factors, leaf area and light interception.

The final chapter deals with the outcome of this study and research needs to make

the best use of available resources and to further improve the agrisilviculture system.



CHAPTER I

Growth and Yield of Sorghum and Cowpea in an
Agrisilviculture System in Semi-Arid India

M. Osman and W.H. Emmingham



ABSTRACT

This study aimed at quantifying the effect of shoot pruning and root barriers around

pollarded Leucaena leucocephala trees on crop production with and without application

of fertilizer to the crop under rainfed conditions. Crops grown with pruned trees had higher

dry matter and leaf area index than did those with unpruned trees. Intercropped sorghum

(C4) and cowpea (C3) had similar leaf area but above ground dry matter production differed

strongly.

The two-year mean grain yields of sorghum with no root barriers were 76% and 39%

of pure crop yield (1553 kg haT') with pruned and unpruned trees, respectively. The corre-

sponding values for cowpea were 49% and 26% of pure crop yield (1075 kg ha').

Intercropped sorghum and cowpea responded to fertilizer application more strongly than

their respective pure crops, suggesting a need of fertilizer application in this agrisilviculture

system. Impact of root barriers was small on either crop. Irrespective of root barriers, a

high response to tree pruning suggested severe above ground competition for light in this

agrisilviculture system



1.0 INTRODUCTION

Monocultural cropping systems especially when done improperly often cause rapid

degradation of arable land and hold little promise of coping with the needs of increasing

populations of both humans and livestock. Semi-arid to arid lands with mostly marginal soils

cover a large area of land in the tropics and sub-tropics. In south Asia, 23% of the land area

falling within the semi-arid tropics has "shallow" soils of less than 50 cm depth and 43%

experiences drought (Dent, 1980).

Ecological interactions between trees and crops may be beneficial for two major

reasons. First, leguminous trees have a beneficial effect on soil properties through nitrogen

fixation, efficient nutrient cycling, and nutrient conservation through control of soil loss and

runoff (Young, 1986; Lal, 1989a; Palm, 1995). Second, a combination of annual crops and

trees may increase biomass production because of differences in rooting depth (Huxley,

1983), and through efficient use of off-season rainfall by trees (Rao and Osman, 1994).

Trees are less prone than annual crops to extreme conditions of climate and soil, so they

lower the risk of total failure. Experiments in semi-arid India indicated that growth of

Leucaena leucocephala hedgerows continues even during the post-rainy period and yield

2 to 5 t ha' of fodder when annual cropping is impossible (Ong, 1991).

Agroforestry systems were classified by Nair (1985) into three sub-systems on a

structural basis based on the nature of components; agrisilivicultural, silvopastoral and

agrosilvopastoral. Growing of trees together with arable crops was termed agrisilviculture

and alley cropping is one of the forms of agrisilviculture. Growing of trees together with

5
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forage crops was termed silvopastoral system, whereas agrosilvopastoral was used for crop

+ animals/pasture + trees.

Acceptance of agrisilvicultural systems by farming communities depends largely

upon demonstrating minimal decline in the yield of the main annual crop by tree competition.

Therefore, management of trees is essential to minimize competition while maintaining

satisfactory yield level of crop. The good coppicing ability of L. leucocephala (Brewbaker,

1987) is a potential threat to growth of annual crops. An acceptable harvest of an annual

crop is possible through canopy management by pollarding of trees as observed by Hocking

and Rao (1990). In alley cropping studies, pruning of hedgerows was practiced for

obtaining good yields of crops (Duguma et al., 1988; Kang et al., 1990).

In the semi-arid tropics, soil moisture limits crop production as does soil nitrogen

deficiency. However, competition for moisture is inevitable and rainfall distribution decides

the output of an agrisilviculture system. With regard to nutrients, a possibility exists for

enrichment of soil with nitrogen in the long term by intercropping of N fixing trees (Palm,

1995). Phosphorous is necessary however for N fixation by legumes (Lame and Patterson,

1981).

In the semi-arid tropics, competition for soil moisture was considered the major

factor causing the reduction in crop yield in alley cropping studies (Singh et al., 1989a; Ong

et al., 1991; Rao et al., 1991). In these studies, competition for light was reduced by

frequent pruning of hedgerows. In agrisilviculture systems, presence of a well developed

tree canopy and resultant shade make light an important factor in determining the potential

of understory crops. Apart from soil moisture, light availability to crops is also important
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in tree-based systems. In years with normal rainfall in alley cropping studies, suppressed

growth and yield of maize in the vicinity of hedgerows was attributed to shading, while the

competition for moisture occurred in years with poor rainfall (Lal, 1989b).

The relative production of C3 and C species is important even in agroforestry

systems, since there are constraints on resources like light, moisture and nutrients.

Contrasting conclusions were drawn concerning the relative production of C3 and C4 plants

by different researchers. Gifford (1974), Evans (1975) and Baskin and Baskin (1977)

concluded that there is no difference in production between C3 and ç species, while

Monteith (1978) found C4 to produce more than q plants. Loomis and Gerakis (1975)

concluded that C4 species are more productive at low altitudes but less productive at high

altitudes, while Snaydon (1991) found similar production of C3 and C4 annuals and

perennials at all the altitudes.

Singh, et al. (1989a) observed sorghum and pearl millet (C4) to be the most shade

tolerant crops among various cereals with yield averaging about 75% of pure crop in wide

alleys across various sites and years. Rao et al (1991) observed sorghum to be the most

shade tolerant cereal crop compared to C3 oilseed crops such as: sunflower, peanut and

castor bean. In a dry year, the adverse impact of leucaena was found to be more severe on

sunflower than on sorghum. Lal (1989b) observed a 10% decline in grain yield of maize (C4)

in alley cropping on gross area basis compared to pure maize and up to 50% decrease in the

yield of cowpea (C3).

Experience with intercropping (Willey and Reddy, 1981), and with alley cropping

studies (Singh et al., 1989b; Ong et al., 1991) demonstrated that a separation of the two root
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system (i.e. by a polyethylene barrier) is a simple and effective method of evaluating the

relative importance of above ground (light) and below ground interactions for soil water and

nutrients between tree and crop. Studies conducted in the semi-arid India observed

polyethylene root barriers separating the hedge and crop to a depth of 50 cm to be effective

in eliminating the yield reduction in crops (Singh et al., 1989b; Ong et al., 1991). However,

polyethylene root barriers were found to be permeable to roots within a single cropping

season as the tree root system penetrated barriers late in the season (Singh et al., 1989b).

Permanent metallic root barriers were employed in the present study to observe the

performance of sorghum and cowpea under contrasting conditions of climate in the same

environment. The general objective of this study was to examine the evidence of above and

below ground interactions in presence and absence of root barriers, tree pruning, and

response of crops to fertilizer application in non-irrigated pure and agrisilviculture systems.

To meet the objective, the following null hypotheses were tested:

H0: there is no influence of 1. shoot pruning, 2. root barriers around tree or 3. application

of fertilizer to crop, on leaf area indices and dry matter production of sorghum and

cowpea from 1991 to 1994;

H0: there is no difference in leaf area index, dry matter production between sorghum (C4)

and cowpea (C3) at different stages of crop growth in agrisilviculture system;

H0: yield of both sorghum and cowpea is not affected by intercropping with leucaena, with

or without shoot pruning, root barriers or application of fertilizer to the annual crop.



2.0 MATERIALS AND METHODS

2.1 Site and Climate

The study was carried out at Hayathnagar Research Farm (HRF) of Central Research

Institute for Dryland Agriculture (CRIDA), Hyderabad, India. The site is located on a lati-

tude of 17° 19"to 17° 20"Nandalongitude of78° 3d Eat analtitudeof5l5 m above

mean sea level.

Soil is a shallow red sandy loam (alfisol) with top soil depth ranging between 20 and

40 cm. Bulk density of the soil is 1.6 g cm3 and the available water holding capacity is low,

65 mm m' depth. The soil is deficient in nitrogen and phosphorous. Nutrient depletion is

fast under intense cropping because of high nutrient demand. Prior to experimentation, the

site was fertilized with single super phosphate @ 200 kg ha' yf' for four years from 1987-

1990.

The average total annual rainfall of the research farm is 728 mm. Seventy per cent

of annual rainfall occurs in four months (June to September). About 18% comes in three

months (October to December), while the balance of 12% occurs during five months

(January to May).

2.2 Field Layout and Treatments

9

Four-month old leucaena seedlings were planted in July 1985 and were pollarded

four years after planting in May 1989. Pollarding, cutting of all the branches at 2.0 m height
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was continued in subsequent years before the beginning of cropping season (June to

September).

The agrisilviculture system included a perennial component - pollarded Leucaena

leucocephala (cv: K-8) trees and an annual crop component - sorghum or cowpea. Two

factors: tree pruning and root barriers around trees were imposed on pollarded trees and a

third factor was fertilizer application to the crop. Treatment combinations were as follows:

T-1 Pruned, Fertilizer, Barrier + Crop

T-2 Pruned, Fertilizer, No barrier + Crop

T-3 Pruned, No fertilizer, Barrier + Crop

T-4 Pruned, No fertilizer, No barrier + Crop

T-5 Unpruned, Fertilizer, Barrier + Crop

T-6 Unpruned, Fertilizer, No barrier + Crop

T-7 Unpruned, No fertilizer, Barrier + Crop

T-8 Unpruned, No fertilizer, No barrier + Crop

T-9 Pure tree, Unpruned, No fertilizer + No crop

T-1O Pure crop, Fertilizer + No tree

T- 11 Pure crop, No fertilizer + No tree

2.3 Tree and Crop Management

The above treatments were replicated three times in a randomized complete block

design. The gross plot size was 64 m2 (8 x 8 m) that comprised four trees spaced at 4 x 4

m. The area in the middle of the trees was considered as net plot (4 x 4 m = 16 m2) for the

estimation of crop yield. Destructive growth sampling was done outside the net plot area.

The number of trees per block was 64, of these 28 were the border row.
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Pollarded trees were pruned twice on 45 and 75 days after pollarding during the

cropping season in T.-1 to T-4 treatments. Pruning involved removal of all growth of

branches and foliage.

Permanent root barriers were installed (galvanized iron sheet, 22 gauge) around all

trees in treatments T-1, T-3, T-5 and T-7. These barriers were placed 0.5 m from tree to

a depth of 0.6 m by digging a square trench of 0.3 m width. The top and sub-surface soil

removed was filled back separately to restore a level soil surface.

Sorghum {Sorghum bicolor (L.) Moench} and cowpea { Vigna unguiculata (L.)

Walp.} crops were fertilized with 40:30:0 and 10:30:0 kg ha' NPK, respectively in

treatments T-1, T-2, T-5, T-6 and T-10. In 1991 and 1992, sorghum (CSH-6 hybrid) was

intercropped followed by cowpea (var: C-152) in 1993 and 1994. Crops were grown in the

rainy season, June to September by dibbling manually in rows spaced 0.5 m apart. A plant

to plant distance of 0.15 m was maintained within rows. Same spacing was followed for

both crops. Each plant occupied a ground area of approximately 0.075 m2 in both

agrisilviculture and pure cropping system.

2.4 Crop Growth Sampling

Sampling at 30, 45, 60 and 90 days was carried out for estimating leaf area and dry

matter production in sorghum and cowpea. One representative plant from each of three

rows outside the net plot was cut at ground level for destructive sampling and for measuring

leaf area. The leaf area of green leaves in both sorghum and cowpea were measured using



12

a leaf area meter (LICOR-3 100). An average of three plants was used to estimate leaf area

and dry matter production per plant. Leaf area index (LAT) was determined as the ratio of

leaf area to ground area occupied by each plant. The weight of leaf, stem, and earhead or

pod was recorded separately after oven drying to constant weight at 65 °C. A comparison

of leaf area index and dry matter production by sorghum and cowpea at different stages of

crop growth was made by computing an average of intercropped treatments over two years

(sorghum 1991 & 1992; cowpea 1993 & 1994).

2.5 Crop Yield Estimation

Net plots were harvested and weighed by row to estimate sorghum / cowpea yield

at the end of each cropping season. Crop biomass dry matter was estimated from a 500 g

sample drawn from the net plot and oven dried to constant weight at 65°C. Threshing of

sorghum earheads or cowpea pods was done manually after sun drying to estimate sorghum

grain and cowpea seed yield. Crop yield was estimated on equal area basis for both

agrisilviculture and pure cropping system (4 x 4 m = 1 6m2). In the agrisilviculture system,

sampling plot was comprised of seven rows compared to eight for pure crop. One crop row

was lost because of trees, that decreased ground area for intercrop by 12.5% as against pure

crop.



2.6 Statistical Analysis

Data were statistically analyzed as a randomized complete block design. Treatments

sum of square (TSS) was partitioned into single degree of freedom tests by selecting

orthogonal coefficients, as described by Little and Hills (1978), to answer some specific

questions such as: effect of pruning, root barriers and fertilizer application. Orthogonal

partitioning was carried out only when the level of significance was below 0.05. LAd and

crop yield data of both crops were further analyzed by excluding the treatments having root

barriers factorially for a meaningful comparison of intercrop with pure crop. A 3 x 2 x 2

factorial subset was set up taking level of tree canopy (tree pruned, unpruned, no tree), level

of fertilization (fertilized and unfertilized) for two year data separately for sorghum (1991&

1992) and cowpea (1993 &1994). Treatment means were differentiated by least significant

difference (P0.05) (Fisher, 1966). The differences in leaf area index and dry matter

production by sorghum and cowpea at different stages of crop growth were assessed using

a t-test (Devore and Peck, 1986).

13



3.0 RESULTS

Crop performance was normal in 1991 because of adequate rainfall and even

distribution (Fig. I.!). Poor crop performance in 1992 was due to early and late season

drought. The amount of rain received during July was only 75 mm (in 2 major events)

compared to a normal of 160 mm. The crop was about to wither but resumed growth with

receipt of 14 mm rainfall in July. August rainfall was above normal, but in September the

crop again faced a prolonged diyspell during grain filling stage. This abnormal distribution

of rainfall resulted in poor grain yield of sorghum.

In 1993 and 1993, low rainfall in June delayed sowing of cowpea by two to three

weeks. The crop did not face prolonged diyspells subsequently and the performance was

normal.

3.1 Crop Growth

3.1.1 Leaf Area Index at Different Stases of Crop Growth

In 1991, treatment differences were not significant at either the initial stage (30

days) or at harvest (Fig. 1.2). Treatment differences were found at 45 and 60 days after

sowing (P<0.05). At day 45, treatment T-1 had the highest leaf area index (2.2) when trees

were pruned, no barrier, and crop fertilized; while pure crop unfertilized (T-1 1) had the

lowest leaf area index (0.7). A similar trend was found even at day 60.

14
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In 1992, differences among treatments were not significant at 30 and 90 days after

sowing (P>0.05). At day 45, treatment T- 1 had the maximum leaf area index of 1.84 and

differed significantly from fertilized pure crop (1.20).

The orthogonal contrasts of treatments suggested a strong influence of pruning, root

barriers and fertilizer application on leaf area index (LAI) of sorghum in 1991. In 1992,

differences in LAI were found only with shoot pruning (Table 1.1). Factorial analysis of

data presented in Table 1.2 indicated strong differences with pruning and marginal

differences with crop fertilization. No interactions were found.

Table 1.1 Orthogonal contrasts leaf area index of sorghum at 45th day

DAS: Days after sowing
ANOVA: Table A.2

LAI at different stages of crop growth: Table A. 1

Contrasts
1991 1992

Mean F P Mean F P

Tree pruned 1.83 1.46
vs 18.9 <0.01 17.9 0.01

unpruned 1.22 0.51

Intercrop fertilized 167 1.10
vs 4.7 0.04 1.1 0.30

not fertilized 1.37 0.87

Tree with barrier 1.79 1.05
vs 14.4 <0.01 0.3 0.59

without barrier 1.26 0.93

Pure crop fertilized 1.27 1.20
vs 4.3 0.05 0,2 0.70

not fertilized 0.70 1.04



In 1993, maximum LAI of cowpea was obtained at day 60, while it was at day 45 in

1994. In both years, LAI was lowest at day 30 and later increased (Fig.I.2). A greater

response to fertilizer application was found at day 45 in both years (P<O.05). At day 45,

treatment T-1 had greater LAI than fertilized pure crop in both years. The crop in

association with pruned trees had higher LAI than with unpruned trees. Orthogonal contrasts

of treatments indicated a strong influence of pruning and fertilizer application in 1993. In

1994, an influence of fertilizer application alone was found on crop yield (Table 1.3).

Factorial analysis of data presented in Table 1.4 indicated strong differences with crop

fertilization and no interactions were found.

1991 & 1992)

Treatments Tree pruned
+ crop

Unpruned
+ crop

Pure crop Mean

Crop fertilized 1,67 0,75 1.24 1.22

Crop unfertilized 1.25 0.69 0.87 0.94

Mean 1.46 0 72 1.06

LSD (JJ5) SE P
Pruning 0.38 0.19 0.01
Fertilizer NS 0.15 0.07
Pruning x Fertilizer NS 0.26 0.60
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Table 1.2 Mean leaf area index of sorghum as influenced by tree
pruning and crop fertilization at 45th day(average of
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Table 1.3 Orthogonal contrasts of leaf area index of cowpea at 45th day

ANOVA: Table A.4
LAJ at different stages of crop growth: Table A.3

Table 1.4 Mean leaf area index of cowpea as influenced by tree
pruning and crop fertilization at 45th day (average of

19

Contrasts
1993 1994

Mean F P Mean F P

Tree pruned 1.34 1.41
vs 7.0 0.02 0.3 0.59

unpruned 1.02 1.32

Intercrop fertilized 1.36 1.69
vs 9.1 <0.01 17.5 <0.01

not fertilized 0.99 1.04

Tree with barrier 1.20 1.42
vs 0.2 0.66 0.5 0.49

without barrier 1.15 1.31

Pure crop fertilized 1.45 1.71
vs 0.6 0.45 5.3 0.03

not fertilized 1.27 0.98

1993 & 1994)

Treatments Tree pruned
+ crop

Unpruned
+ crop

Pure crop Mean

Crop fertilized 1.40 1.46 1.58 1.48

Crop unfertilized 0.92 1.13 1.13 1.06

Mean 1.16 1.30 1.35

LSD (0.05) SE P
Pruning NS 0.13 0.33
Fertilizer 0.23 0.11 0.01
Pruning x Fertilizer NS 0.18 0.84



3.1.2 Dry matter Production at Different Stages of Crop Growth

Differences among treatments were significant at 45, 60 and 90 days after sowing

(DAS) of sorghum but not at 30 DAS in 1991 (Fig.I.3, Table A.5). At day 45, sorghum

in treatment T- 1 yielded the highest dry matter when intercropped with pruned trees with

no root barriers. At 60 and 90 DAS, the intercrop treatment T-1 and pure crop T-10 were

similar. In 1992, the impact of treatments on dry matter (DM) production was similar to that

of 1991 and treatment T- 1 was found to be superior at all stages of crop growth. The mean

DM production of sorghum was 2.3, 10.1, 29.4, 42.1 g p1' at 30, 45, 60 and 90 DAS in

1991, respectively; while the corresponding values for 1992 were 1.0, 5.8, 20.2, 30.7 g p1'.

In cowpea, differences among treatments were significant only in 1993 at day 45 and

90 (Fig. L3, Table A.6). Cowpea associated with pruned trees had greater dry matter but

the effect of root barriers were negligible. At all stages of crop growth, intercropped

treatment T-1 with pruned trees having root barriers and pure crop T-10 were equivalent.

Treatment T-8 produced least dry matter when cowpea was grown in association with

unpruned trees with no root barriers and crop was unfertilized.

20
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3.2 A Comparison of Leaf Area Index and Dry Matter Production
by Sorghum (C4) and CowpJ

Both sorghum and cowpea had a similar leaf area index at 45, 60 and 90 days after

sowing (P>0.90), while a difference was found at day 30 (P0.04). Strong differences

(P<0.04) were found in above ground production of dry matter between sorghum and

cowpea at 45, 60 and 90 days after sowing. There was no difference at day 30 (P0.10)

(Table 1.5). Leaf area index of both crops decreased after day 60, while dry matter

production increased till harvest at day 90.

Table 1.5 Comparison of leaf area index and above ground dry matter production
by sorghum and cowpea plants at different stages of crop growth

3.3 Crop Yield

3.3.1 Straw and Grain Yield of Sorghum

Differences among treatments were significant in both years (1991 & 1992). In

1991, pure sorghum (T-10) responded to fertilizer strongly (P<0.05) and had the greatest

Days after
sowing

LAT DM (g pl1)

Sorghum Cowpea P Sorghum Cowpea P

30 J.39±0.06 0.26±0.01 0.04 1.54±0.21 1.16±0.08 0.10

45 1.26±0.141.27±0.10 0.94 8.23±1.21 5.53±0.37 0.04

60 1.48±0.071.31±0.07 0.12 23.11±2.31 10.13±0.66 <0.01

90 0.90±0.050.90±0.07 0.55 35.01±3.58 12.48±1.23 <0.01
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straw (3888 kg ha') and grain yield (2825 kg ha'). A similar trend was found in 992, but

difference between treatment T-O and T- was not statistically significant (P>O.05) (Fig.

1.4, Tabk 1.6).

The orthogonal contrasts of treatments indicated significant impact of pruning in both

years on straw yield of sorghum. Root barriers had no influence on straw yield in both years.

In 99 , the straw yield was 22 8 kg ha' when intercropped with pruned trees as against

U79 kg ha' with unpruned trees. The corresponding values for 992 were 2244 kg hi'

and O33 kg ha', respectively (Table 1.7). The intercrop responded strongly to fertilizer

application only in 992; the straw yield of the fertilized crop was 946 kg ha' as against

33 kg ha' with the unfertilized one. Pure crop responded to fertilizer application in year

with normal rainfall (99) and produced 3888 kg ha' as compared to 2288 kg ha' for

unfertilized.

Factorial analysis of data presented in Table 1.8 indicated strong differences with

pruning and crop fertilization. Differences in straw yield between 99 and 992 were

marginal (P<O.09). Crop in association with pruned and unpruned trees yielded 76% and

39% of pure crop yield (277 kg ha'). The fertilized crop treatment yielded an average of

2294 kg ha' compared to 670 kg ha' for the unfertilized one.
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Table 1.6 Effect of pruning, root barriers and application of fertilizer on
straw and grain yield of sorghum (kg ha1)

Date of Sowing
Date of harvest
Total rainfall
Rainy days

21 June, 1991 25 June, 1992
21 Sep, 1991 24 Sep, 1992

:324mm 431mm
:22 24
ANOVA of straw yield: Table A.7
ANOVA of grain yield: Table A.8

25

Treatments
Straw Grain

1991 1992 1991 1992

1 Pruned, fertilizer, barrier 2571 2677 2160 797

2 Prun, fert., no bar. 2262 2634 1938 743

3 Prun, nofert., bar. 2194 1998 1638 519

4 Prun, no fert., no bar 1845 1667 1525 520

5 Unprun, fert., barrier 1506 1423 1325 464

6 Unprun, fert., no bar. 1278 1048 950 387

7 Unprun, nofert, bar. 1118 905 913 221

8 Unprun, no fert., no bar. 1212 754 889 203

9 Pure tree

l0Purecrop,fert. 3888 2656 2825 803

liPurecrop, nofert. 2288 2253 1800 783

SE 350 333 274 85

LSD (0.05) 735 700 576 178



Table 1.7 Orthogonal contrasts of straw yield of sorghum (kg ha1)

ANOVA: Table A.7

26

Contrasts
1991 1992

Mean F P Mean F P

Tree pruned 2218 2244
vs 28.8 <0.01 52.9 <0.01

unpruned 1279 1033

Intercrop fertilized 1904 1946
vs 3,2 009 13.6 <0.01

not fertilized 1592 1331

Tree with barrier 1847 1751
vs 1.3 0.27 1,8 0.20

without barrier 1649 1526

Pure crop fertilized 3888 2656
vs 20.9 <0.01 1.5 0.24

not fertilized 2288 2253



Table 1.8 Mean straw yield of sorghum as influenced by pruning and
fertilization in 1991 and 1992 (kg ha-')

ANOVA Table A.9

The orthogonal contrasts of treatments indicated a strong effect of tree pruning and

fertilizer application on grain production of sorghum in both years. Root barriers had no

influence on grain yield of sorghum in both years. In 1991, grain yield of sorghum was 1815

and 1019 kg ha' when associated with pruned and unpruned trees, respectively. The

corresponding values for 1992 were 645 kg ha' and 319 kg ha', respectively (Table 1.9).

The intercrop responded to fertilizer application in both years. The grain yield of

fertilized crop was 1593 and 598 kg h&' against 1241 and 366 kg ha' for unfertilized in

1991 and 1992, respectively. Pure crop responded to fertilizer application only in year with

normal rainfall (1991) and produced 2825 kg ha' compared to 1800 kg ha' for unfertilized.

27

Treatments 1991 1992 Mean

Fert. Unfert. Fert. Unfert.

Tree pruned + crop 2262 1844 2634 1667 2102

Treeunpruned+ crop 1278 1212 1048 754 1073

Pure crop 3888 2288 2656 2253 2771

Mean 2476 1782 2113 1558

2129 1835

LSD (0.05) SE P
year NS 167.0 0.09
pruning 424.3 204.6 0.00
fertilizer 346.4 167.0 0.00
yearxpruning NS 289.3 0.22
year x fertilizer NS 236.2 0.68
pruning x fertilizer NS 289.3 0.15
year x pruning x fertilizer NS 409.1 0.09



Table 1.9 Orthogonal contrasts of grain yield of sorghum (kg ha')

ANOVA: Table A.8

Factorial analysis of sorghum grain data presented in Table 1.10 indicated significant

differences with year, tree pruning and crop fertilization. An interaction was found between

year and tree pruning. Significant difference in grain yield was found in 1991 and 1992.

Sorghum grain yield reduced in both years when intercropped with unpruned trees compared

to pure or intercrop associated with pruned trees. Mean grain yield of sorghum in

association with pruned and unpruned trees was 76% and 39% of pure crop yield (1553 kg

ha1). Grain yield was reduced even with pruned trees in 1991 compared to pure crop but

was on par in 1992.

28

Contrasts
1991 1992

Mean F P Mean F P

Tree pruned 1815 645
vs 33.8 <0.01 76.4 <0.01

unpruned 1019 319

Intercrop fertilized 1593 598
vs 6.6 0.02 20.0 <0.01

not fertilized 1241 366

Tree with barrier 1509 500
vs 1.8 0.20 3.3 0.09

without barrier 1326 463

Pure crop fertilized 2825 803
vs 14.0 <0.01 1.1 0.31

not fertilized 1800 783



Table 1.10 Mean grain yield of sorghum as influenced by pruning and
fertilization in 1991 and 1992 (kg ha-1)

ANOVA Table A.9

3.3.2 Dry matter and Seed Yield of Cowpea

A significant impact of treatments was found in 1993. Cowpea associated with

pruned trees having root barriers and crop fertilized (T-1) produced higher dry matter (1739

kg ha') compared to pure crop fertilized (T-10). The pure crop when fertilized produced

the highest seed yield (1089 kg ha') compared to all other treatments (Fig. 1.5, Table 1.11).

A similar trend was found in 1994, indicating a greater impact of trees on seed yield than

on dry matter production.

29

Treatments 1991 1992 Mean

Fert. Unfert. Fert. Unfert.

Tree pruned+ crop 1938 1525 743 520 1182

Tree unpruned+ crop 950 889 387 203 607

Pure crop 2825 1800 804 783 1553

Mean 1904 1405 644 502

1655 573

LSD (0.05) SE P
year 205.6 99.1 0.00
pruning 251.8 121.4 0.00
fertilizer 205.6 99.1 0.00
yearxpruning 356.2 171.7 0.01
year x fertilizer NS 140.2 0.09
pruning x fertilizer NS 171.7 0.28
year x pruning x fertilizer NS 242.9 0.08
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The orthogonal contrasts of treatments indicated significant impact of pruning and

fertilizer application on dry matter yield of cowpea in both years (Table 1.12). In 1993,

cowpea dry matter yield was 1359 kg ha' when associated with pruned trees compared to

685 kg ha' for unpruned. The corresponding values for 1994 were 1545 kg ha' and 812

kg ha -1, respectively. The intercrop responded to fertilizer application in both years.

Factorial analysis of data presented in Table 1.13 indicated strong differences with

pruning and crop fertilization. Dry matter yield was reduced severely with unpruned trees.

Mean yield of two years was 86% and 49% of pure crop yield (1575 kg ha'). Fertilizer

application increased dry matter yield in both years.

The orthogonal contrasts indicated significant impact of pruning and fertilizer

application on seed yield of cowpea in both years (Table 1.14). Root barriers were found

to be more effective in 1994 than in 1993. In 1993, the seed yield of cowpea was 536 kg

ha' when intercropped with trees pruned against 273 k ha with unpruned. The

corresponding values for 1994 were 700 kg ha' and 353 kg ha', respectively. The intercrop

responded to fertilizer application in both years. Fertilized intercrop yield was 510 and 653

kg ha' in 1993 and 1994, respectively against 299 and 401 kg hà for unfertilized. A

significant effect of root barriers was found in 1994; intercrop associated with trees having

root barriers yielded 597 kg ha' compared to 456 kg ha' without barriers.

Factorial analysis of seed yield data of cowpea presented in Table 1.15 indicated

strong differences with year, tree pruning and crop fertilization. Irrespective of pruning,

seed yield of cowpea was reduced severely both with pruned and unpruned trees. Mean
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yield of two years was 49% and 26% of pure crop yield (1575 kg ha') in association with

pruned and unpruned trees. Fertilizer application increased seed yield in both years. Seed

yield was high in 1994 compared to 1993.



Table 1.11 Effect of pruning, root barriers and application of fertilizer on
dry matter and seed yield of cowpea (kg ha1)

33

Treatments
DM Seed

1993 1994 1993 1994

1 Pruned, fertilizer, barrier 1739 2050 811 1090

2 Prun,fert.,no barrier 1395 1884 543 759

3 Prun,nofert., bar. 1129 1294 405 518

4 Prun,nofert.,nobar. 1172 950 383 434

5 Unprun, fert., barrier 942 911 352 424

6 Unprun,fert., no bar. 756 826 334 337

7 Unprun,nofert.,barrier 570 769 251 357

8 Unprun,nofert.,no bar. 473 743 155 295

9 Pure tree

lOPurecrop, fert. 1642 1904 1089 1256

liPurecrop, nofert. 1243 1510 883 1073

SE 273 238 104 129

LSD(005) 574 500 219 271

Date of Sowing: 3 July, 1993 11 July 1994
First Picking : 15 Sep, 1993 23 Sep, 1994
Second Picking: 28 Sep, 1993 4 Oct, 1994
Total rainfall : 330.8 mm 333.9mm
Rainy days : 26 29

ANOVA of dry matter yield: Table A. 10
ANOVA of seed yield: Table A. 11



Table 1.12 Orthogonal contrasts of dry matter yield of cowpea at
harvest (kg ha')

ANOVA: Table A. 10
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Contrasts
1993 1994

Mean F P Mean F P

Tree pruned 1359 1545
vs 24.4 <0.01 37.8 <0.01

unpruned 685 812

Intercrop fertilized 1208 1418
vs 7.4 0.01 16.2 <0.01

not fertilized 836 939

Tree with barrier 1095 1256
vs 1.5 0.24 1.7 0.21

without barrier 949 1101

Pure crop fertilized 1642 1904
vs 2.1 0.17 2.7 0.12

not fertilized 1243 1510



Table 1.13 Mean dry matter yield of cowpea as influenced by pruning
and fertilization in 1993 and 1994 (kg ha-1)

ANOVA Table A. 12
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Treatments 1993 1994 Mean

Fert. Unfert. Fert. Unfert.

Tree pruned+ crop 1395 1173 1884 950 1351

Tree unpruned+ crop 942 570 826 743 770

Pure crop 1641 1243 1904 1510 1575

Mean 1326 995 1538 1068

1161 1303

LSD (005) SE P
year NS 106.7 0.20
pruning 271.0 130.7 0.00
fertilizer 221.3 106.7 0.00
yearx pruning NS 184.8 0.67
year x fertilizer NS 150.8 0.53
pruning x fertilizer NS 184.8 0.42
year x pruning x fertilizer NS 261.3 0.17



Table 1.14 Orthogonal contrasts of seed yield of cowpea (kg ha1)

ANOVA: Table A. 11
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Contrasts
1993 1994

Mean F P Mean F P

Tree pruned 536 700
vs 25.4 <0.01 29.1 <0.01

unpruned 273 353

Intercrop fertilized 510 653
vs 16.5 <0.01 15.3 <0.01

not fertilized 299 401

Tree with barrier 455 597
vs 3.8 0.07 4.8 0.04

without barrier 354 456

Pure crop fertilized 1089 1256
vs 3.9 0.06 2.0 0.17

not fertilized 883 1073



Table 1.15 Mean seed yield of cowpea as influenced by pruning and
fertilization in 1993 and 1994 (kg ha-1)

ANOVA Table A. 12
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Treatments 1993 1994 Mean

Fert. Unfert. Fert. Unfert.

Treepruned+crop 543 383 759 434 530

Tree unpruned+crop 334 154 337 295 280

Pure crop 1089 883 1256 1073 1075

Mean 655 473 784 600

564 692

LSD (0.05) SE P
year 84.7 40.8 0.01
pruning 103.7 50.0 0.00
fertilizer 84.7 40.8 0.00
year xpruning NS 70.7 0.57
year x fertilizer NS 57.7 0.98
pruning x fertilizer NS 70.7 0.42
yearxpruningxfertilizer NS 100.0 0.33



4.0 DISCUSSION

Rainfall distribution was different in all the four years (Fig.I.1). The differences in

yield of sorghum were mainly due to poor distribution of rainfall, rather than total amount

or number of rainy days. Sorghum yield was low in 1992 although total rainfall during the

crop period was high (431 mm rain in 24 rainy days) when compared to 1991 (324 mm, 22

rainy days). A delay in monsoon onset during 1993 and 1994 reduced tree growth and

delayed the normal sowing of crop from June to July.

4.1 Crop Growth

4.1.1 Leaf Area Index

A good rainfall distribution in 1991 resulted in rapid leaf area development and

better establishment of sorghum crop. Poor distribution of rainfall in 1992 delayed the

development of sorghum so that leaf area was reduced by half at an early stage of crop

growth, compared to 1991. Reduction in leaf area index was more with unpruned trees

irrespective of root barriers suggesting an adverse effect of poor transmittance of light on

leaf area development of sorghum because of dense shade of unpruned trees.

A lack of consistent response of intercropped cowpea to shoot pruning is probably

due to the ability of cowpea to tolerate shade among legumes (Szott, 1987) and delayed

onset of rainfall in 1993 and 1994 led to poor tree canopy development. A better

distribution of rainfall after sowing of cowpea and poor tree canopy development facilitated
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better growth of cowpea. Moreover, cowpea has rapid root development ability compare

to sorghum or maize as noted in intercropping studies with annual crops by Allen and Obura

(1983) and Rees (1986).

A greater response of intercrops to fertilizer compared to pure crops suggested a

greater demand of nutrients for increasing LAI in agrisilviculture systems, particularly when

both the components were legumes (leucaena and cowpea). I speculate there is strong

competition for nutrients especially for phosphorous rather than nitrogen since the

requirement of legumes for phosphorous is high (Lame and Patterson, 1981).

Presence of root barriers around trees improved crop leaf area in a year with short

dryspells (1991) compared to 1992 with prolonged dry spell. This demonstrated a limited

role of root barriers in reducing the competition for soil moisture in drought year (1992) and

also in a year with normal distribution of rainfall (1993). A lack of positive impact of root

barriers in 1992 on leaf area might be due to severe soil moisture stress as a result of

prolonged dry spells.

4.1.2 Dry Matter Production

From the results it is discernible that pmning of trees in an agrisilviculture system

increased above ground dry matter production irrespective of distribution of rainfall. The

performance of intercropped sorghum was superior in a year with normal distribution of

rainfall, while it was affected severely in 1992. The dry spell in 1992 resulted in a reduction

of sorghum dry matter production by half at early stages compared to that of 1991.
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Intercropped sorghum and cowpea suffered greatly in association with unpruned

trees compared to pruned trees. Both crops responded more strongly to shoot pruning than

to fertilizer application or root barriers. This is likely due to reduced competition for light

and soil moisture with pruned trees, with competition proportional to dominant tree leaf

area. Pruning twice during cropping season suppressed tree growth, reduced shade and

demand for soil water.

4.2 Comparison of Sorghum (C4) and Cowpea (C3)

A comparison of leaf area index and above ground production of dry matter by

sorghum (C4 ) and cowpea ( ) in a similar environment clearly displayed higher above

ground dry matter production by sorghum although differences in leaf area index were small.

This confirmed the findings of Monteith (1978), who concluded that C4 species are more

productive than C3 species in warm climates. This comparison appears to hold in

agrisilviculture systems constrained for light, moisture and nutrients. Differences in

aboveground production might be due to differences in photosynthetic pathway or plant leaf

architecture or cost of N fixation by the C3 legume or all of the above. Loomis and Connor

(1992) observed maximum rates of leaf photosynthesis with plants having C4 pathway, while

Lawson and Kang (1990) recorded a severe reduction in yield of short-statured cowpea

when compared with tall growing maize in alley cropping studies. Eagles and Wilson (1982)

recorded photosynthesis rates of C4 species and that were double of those I species.
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Although, photosynthesis was not measured in this study, the differences in above ground

production widened with age of the crops.

In agroforestry systems, soil water, light and nutrients are limiting at one point in

time or another. In the semi-arid areas, soil moisture is more critical than nutrients or light

(Singh et al., 1989a). Brown and Simmons (1979), Good and Bell (1980), Pearcy and

Ehieringer (1984) observed C4 species to be more productive compared to C3 in situations

of limited water supply. The other reason for the poor performance of C3 leguminous

cowpea could be low availability of phosphorus in tropical soils (Dudal, 1977), and a high

demand of P by legumes (Lame and Patterson, 1981). Plants with C4 pathway were

observed to be efficient when nitrogen in soil is limiting. Brown (1978), Sage and Pearcy

(1987) recorded higher nitrogen use efficiency (the photosynthetic rate per unit of leaf N)

in C4 than C3 plants. These are favorable plant characteristics of C4 since soils of semi-arid

tropics are mostly deficient in N apart from P.

In agroforestry systems poor transmittance of light by tree canopy puts the

understory crops at a disadvantage. In C3 species this situation can be extreme as the top

leaves become light-saturated and lower leaves light-starved. Eventually this resulting in

less yield (Donald and Hamblin, 1976). In intercropping studies involving annual crops,

advantages in radiation use have been suggested for combinations of tall C4 species grown

as intercrops with shorter C3 species (Fordham, 1983: Trenbath, 1986). The advantage in

intercropping might be due to simultaneous sowing of annual crops compared to a

preestablished perennial in agrisilviculture system. A tall C4 species, like sorghum, benefits

from greater light penetration and therefore better light distribution over more leaves
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(Keating and Carberry, 1993). A greater penetration of light also might be due to position

of the sun, which is overhead for much of the cropping season at lower latitudes (Hocking

and Rao, 1990). Considering good performance of sorghum in the present and other studies

(Singh et al., 1989b; Rao et al., 1991); C4 plants hold promise in agroforestry systems.

4.3 Crop Yield

Absolute and relative grain production of sorghum was reduced more severely than

yield of straw as a result of poor distribution of rainfall in 1992 compared to 1991.

Orthogonal contrasts and factorial analysis of data demonstrated a high response of both

crops to tree pruning. Pruning of trees was more effective than fertilizer application or root

barriers in improving crop yields. Severe reduction in yield of crops was found with

unpruned trees. The data suggested little advantage even with pruned trees when compared

to pure cropping in improving crop yields in an agrisilviculture system. Seed yield of cowpea

was reduced greatly compared to its dry matter yield or sorghum grain yield in association

with leucaena trees.

Fertilizer application benefitted crop yield more than root barriers in the

agrisilviculture system. Schroth (1995) found no yield increases of the crops with barriers

in alley cropping study with Gliricidia sepium in the sub-humid region of Cote d' Ivoire

despite water limited conditions. On pruned plots without root barriers grain yield was

increased an average of 47% and ranged from 27 to 75% by fertilization. On pure crop

plots grain yield was increased an average of 25% and ranged from 3 to 57% by fertilization.
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A better response of intercropped sorghum and cowpea to fertilizer application in

agrisilviculture system than in their respective pure crops might be due to higher need of

nutrients by annual and perennial component compared to pure cropping. Pure crop of

sorghum responded to fertilizer application only in a year with normal distribution of rainfall

(1991) when the yield increased by 63% over unfertilized crop in 1991 compared to only

10% in year with poor distribution of rainfall (1992). This highlighted the risk associated

with fertilizer application in the semi-arid tropics, since the response of crop to fertilizer

application is dependent upon the distribution of rainfall, which is highly unpredictable.

Irrespective of root barriers, a strong response to pruning showed the importance of

above ground competition for light and suggested pruning of trees and fertilizer application

to crop as suitable management options in this agrisilviculture system.



5.0 CONCLUSIONS

In an agrisilviculture system, it is apparent that pruning twice during cropping season

was advantageous, increasing crop production 100 per cent. Under the most intensive

management regime (pruning, fertilization and root barriers) crop production in the agrisilvi-

system was reduced an average of 16% from pure fertilized crop. Impact of root barriers

was small on both crops suggesting barriers were less efficient than tree pruning and

therefore not a worth while practice. A positive growth response of intercrops to

fertilization compared to response of respective pure crops suggests a need to estimate the

N and P requirement of tree and crop and timing of application to avoid competition for

nutrients.

The study highlighted the competitive interaction between trees and crops and

showed little advantage of the agrisilviculture system even with pruned trees over pure

cropping for meeting the increasing demand of food in the over populated semi-arid tropics.

Stability in fodder and fuelwood production is likely to be achieved with this agrisilviculture

system but at the cost of annual crops yield.
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CHAPTER II

Effect of Shoot Pruning and Root Barriers on Leucaena
Diameter Growth and Dry Matter Yield in an

Agrisilviculture System
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ABSTRACT

This study aimed at quantifying the effect of shoot pruning and root barriers around

pollarded Leucaena leucocephala trees on diameter growth and dry matter yield of the trees

when intercropped with sorghum or cowpea. All trees were pollarded at the beginning of

the growing season. Unpruned trees grown without a crop had the maximum diameter

growth (1.1cm yr') and produced the highest dry matter yield (6291 kg ha' yr'). Pruning

twice during the cropping season reduced tree diameter growth and dry matter yield

severely.

Intercropped pruned trees had an annual diameter growth of0.3 cm compared with

1.0 cm for unpruned trees. Tree diameter growth followed closely the rainfall pattern, about

78% of the annual growth occurred in the four months growing" season, which received

75% of the total annual rainfall. Intercropped unpruned trees yielded 5643 kg ha'yf' dry

matter compared with 2219 kg haAyrl for pruned trees. Pruned trees yielded mostly foliage

and small twigs suited for fodder compared to unpruned trees that yielded large sized

branches and twigs suitable for ffielwood. One hectare of unpruned trees could yield enough

IEiielwood to meet the needs of a family for one year, but may not meet the demand of food

in view of greater suppression of crops yield.
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1.0 INTRODUCTION

Agroforesters, foresters and horticulturists prune trees routinely, although with

somewhat different objectives. Foresters prune for improving the quality of lumber and

horticulturists for enhancing the size and quality of fruits. Agroforesters prune or pollard

trees primarily to improve the growth and yield of understory crops. A few tree species

are compatible with understory crops without pruning including Faidherbia albida, Zizyphus

spina-christi (Verinumbe, 1993) in Africa and Prosopis cineraria in India (Shankarnarayan

et al., 1987). These species are, however, slow growing when compared with Leucaena

leucocep ha/a. The fast growing habit of the leucaena demands canopy management for

intercropping of arable crops. In an evaluation trial in the semi-arid part of India, leucaena

ranked first in terms of height and second in diameter growth among 60 species (Osman et

al., 1992). Kirmse and Fisher (1989) identified L. leucocephala, Atriplex canescens and

Prosopis a/ba as high biomass producers suitable for semi-arid conditions of Texas, New

Mexico and Arizona. Brewbaker (1987) observed the coppicing potential of leucaena to be

excellent when compared withAcacia spp. The good coppicing potential of leucaena is an

essential feature for survival and growth in the semi-arid regions threatened by stray cattle.

Brewbaker et al. (1982) noted L. /eucocepha/a to be one of the top seven outstanding

tropical nitrogen-fixing trees suitable for fuelwood production. Pathak et al. (1987)

observed leucaena to be a good raw material for gasification. Leucaena wood has a heating

value of 3895 cal. per kg that is 39 percent of fuel oil (NAS, 1977). In a tree productivity

trial in the semi-arid zone of Brazil (Lima, 1986), leucaena outyielded the highly versatile
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Prosopisjulflora tree. The annual dry fodder yield of leucaena was 7.3 t ha1 compared to

6 t ha1 of pods from P. julifiora. Leucaena foliage nutritive value is comparable to alfalfa

(lucern) and rye grass but contains a toxin, mimosine. The crude protein content of leucaena

leaf is 25.9% and is a good fodder for livestock (NAS, 1977), but this fodder must be fed

in small quantities to avoid the toxic effect of mimosine.

In the semi-arid tropical regions of India, as well as in other parts of the world

leucaena has been the species of choice in alley cropping studies (Singh et al., 1989a).

Leucaena, once established, has proven to be quite hardy and tolerant of extreme drought.

Leucaena is maintained as a hedge in alley cropping systems by close planting and frequent

pruning. Leucaena prunings are a rich source of nitrogen only if left on site. Application of

prunings improved crop yield significantly besides ameliorating soil physical and chemical

characteristics (Kang et al., 1981; Kang et al., 1984; Kang et al., 1985; Kang et al., 1990;

Kass et al., 1986; Lal, 1989; Mulongoy and Meersch, 1988; Ssekabembe, 1985; Wilson et

at., 1986). However, in the semi-arid and arid tropics, tree prunings including crop residues

are too valuable as fodder to be used as mulch (Singh et al., 1986a); and trees are mostly

tended to meet fodder and fuelwood needs, rather than for soil improvement. Management

of leucaena as hedge is more difficult than as a tree in India and also in most tropical

countries because of intense grazing pressure by wandering livestock after crop harvest.

A tree and crop combination has the advantage of the tree producing fodder or

fuelwood even when crops fail due to erratic distribution of rainfall. A study in Kenya

showed that fuelwood obtained from unmanaged leucaena was more lucrative than the loss

in crop yield (Getahun and Jama, 1986). Growing of trees and crops is a labor intensive



53

practice and management of trees is essential to maintain a satisfactory yield level of the

crop. Crop production is difficult amidst larger leucaena trees, however, an acceptable

harvest of an annual crop is possible through canopy management by pollarding of trees at

2 m height (Hocking and Rao, 1990). Wood and Burley (1991) observed pollarding to be

a usefbl tool for inducing prolific re-growth of shoots and to ensure the availability of green

fodder during the season.

Frequent pruning of hedgerows is generally practiced to achieve higher crop

production. In alley cropping studies root barriers and root pruning were employed to

enhance the crops yield significantly (Singh et al., 1989b; Ong et al., 1991; Korwar and

Radder, 1994). The impact of permanent root barriers or root pruning on hedgerow

production or trees is unknown. There is, however, information available on the effect of

shoot pruning on biomass yield of leucaena hedgerows (Duguma et al., 1988). The objective

of the study was to generate information on the effect of pruning after pollarding, permanent

root barriers and crop fertilization on leucaena diameter growth and dry matter yield.

This study aimed at evaluation of the effect of intercropping, shoot pruning and root

barriers on tree diameter growth and yield with and without application of fertilizer to crop.

The following hypotheses were tested to meet the objective:

H0: leucaena diameter growth and dry matter yield is not affected by pruning and

placement of root barriers;

H: leucaena diameter growth and dry matter yield is not influenced by application of

fertilizer to crop;



2.0 MATERIALS AND METHODS

The details about the study site were given in chapter-I. Treatments included a

perennial component - pollarded Leucaena leucocephala (cv: K-8) trees and an annual crop

component - sorghum or cowpea. Two factors: tree pruning and root barriers were imposed

on pollarded trees and a third factor was fertilizer application to crop. Treatment

combinations were as follows:

T-1 Pruned, Fertilizer, Barrier + Crop

T-2 Pruned, Fertilizer, No barrier + Crop

T-3 Pruned, No fertilizer, Barrier + Crop

T-4 Pruned, No fertilizer, No barrier + Crop

T-5 Unpruned, Fertilizer, Barrier + Crop

T-6 Unpruned, Fertilizer, No barrier + Crop

T-7 Unpruned, No fertilizer, Barrier + Crop

T-8 Unpruned, No fertilizer, No barrier + Crop

T-9 Pure tree, Unpruned, No fertilizer + No crop

Four month old leucaena seedlings were planted at 4 x 4 m spacing in 1985 and were

pollarded four years after planting in 1989. Pollarding, cutting the tree and all the branches

off at 2.0 m height was continued in subsequent years before the beginning of cropping

season in May and June. Pollarded trees of T-1 to T-4 treatments were pruned twice on 45
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and 75 days after pollarding. All re-growth of twigs and foliage was cut at the time of

pruning of pollarded trees. The prunings were removed from the plot to be used as fodder

for livestock.

Permanent root barriers were installed (galvanized iron sheet, 22 gauge) around

trees of T-1, T-3, T-5 and T-7 treatments. These barriers were placed 0.5 m from tree to

a depth of 0.6 m by digging a square trench of 0.3 m width and back filled. All treatments

were replicated three times in a randomized complete block design. The gross plot size was

64 m2 (8 x 8 m) that encompassed four trees spaced at 4 x 4 m. The number of trees per

block was 64, of these 28 were the border row.

Tree diameter growth at breast height (1.3 m above ground) was measured twice a

year, coinciding with beginning and end of the rainy season, i.e. first week of June and

October. The branches, twigs and foliage after pruning or pollarding leucaena were

separated as suggested by Mac Dicken et al. (1991) and oven dried to constant weight for

estimating total dry matter yield. Dry weight of prunings were added for pruned tree

treatments (T-1 to T-4) to annual harvest (pollarding) for computing total dry matter yield.

Foliage and twigs (less than 1.0 cm diameter) were used as feed for livestock while branches

were used as fuelwood.

Sorghum or cowpea crops were raised in the rainy season from June to September.

Sorghum {Sorghum bicolor (L.) Moench} and cowpea { Vigna unguiculata (L.) Walp. }

crops were fertilized with 40:30:0 and 10:30:0 kg ha1 NPK, respectively in treatments T-1,

T-2, T-5 and T-6. Sorghum (CSH-6 hybrid) was intercropped during the rainy season in

1991 and 1992 while cowpea (var: C-152) in 1993.
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Data were statistically analyzed as a randomized complete block design. Treatment

means were differentiated by least significant difference (LSD). LSD range test was

employed to make the planned comparisons when the F-ratio was significant (PO.O5)

(Fisher, 1966). Treatments sum of square (TSS) was partitioned into single degree of

freedom tests by selecting orthogonal coefficients as described by Little and Hills (1978) to

answer some specific questions like main effects of pruning, root barriers and fertilizer

application. Orthogonal partitioning of treatments sum of square was carried out only when

the level of significance was below 0.05. To overcome the initial variation in tree diameter

growth, the diameter of year 1991 (before imposing treatments) was taken as a covariate.



3.0 RESULTS

3.1 Tree Diameter Growth

Tree diameter growth at breast height for the 1991-93 growing seasons and three-

year mean growth (actual and adjusted for initial tree size) are displayed in Table 2.1. Tree

diameter growth differed significantly with treatments (P<0.01). Growth of trees in pure

tree plot (T-9) and unpruned-no barrier-crop fertilized (T-6) had about 1.0 cm growth per

year. Also, treatment T-9 and T-8 in which trees were unpruned and crop unfertilized were

equivalent. Least mean diameter growth of 0.15 cm yr1 occurred in trees that were pruned

and had root barriers, although crop was fertilized.

The orthogonal contrasts of treatments indicated a significant impact of tree pruning

and root barriers on tree diameter growth (P<0.01) (Table 2.2), while crop fertilization had

no impact (P<0.78). The impact of pruning was severe compared to root barriers and no

interaction was noticed among the factors.

About 78% of growth in diameter occurred in active monsoon period (first week of

June to first week of October), which received 75% of the total annual rainfall (Table 2.3).

The remaining growth occurred in non-crop season (October to May). Differences in

seasonal growth of leucaena trees were noticed with pruning and root barriers. Pruned trees

had 87 % of total annual increment in DBH during rainy season compared to 70% for

unpruned trees. Similarly, trees with barrier had 82% of total annual increment in DBH

during rainy season compared to 75% for unpruned trees.
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Table 2.1 Diameter growth of L. leucocephala in different years with and
without adjustment for initial variation in diameter at breast height

Means sharing a common letter do not differ (P0.05)
(ANOVA: Table B.1 & B.2)
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Treatments
Dia.
(cm)
June
1991

Diameter growth (cm)

Increment in diameter Mean of 3 years

June
1992

June
1993

June
1994

Without adj. With adj.

1 Pruned, fert.
barrier

10.77 0.13 0.33 0.09 0.18a 0.15a

2 Pruned, fert.,
no barrier

10.84 0.27 0.34 0.60 0.40a 0.36a

3 Pruned, no fert.
barrier

10.35 0.21 0.13 0.25 0.19a 0.21a

4 Pruned, no fert.
no bar.

10.70 0.30 0.28 0.26 0.28a 0 .25a

5 Unpruned, fert.
barrier

10.51 0.77 0.70 0.72 0.73b 0. 73b

6Unpruned,fert.
no barrier

11.37 1.12 1.37 0.79 1.lOc 0.99bc

7Unpruned,no
fert.barrier

9.62 0.61 0.73 0.70 0.68b 0.78b

8Unpruned,no
fert. no barrier

10.18 1.21 0.87 0.61 0.9Obc 0.93bc

9Puretree 9.71 1.04 1.13 0.82 1.00c 1.08c

LSD (0.05) 0.25 0.25



Table 2.2 Orthogonal contrasts of annual DBH increment of leucaena
with crop and per cent of pure unpruned tree, 3 year mean

ANOVA: TableB.1 &B.2

Table 2.3 Diameter growth (cm) of leucaena during rainy period

Note: Rainy period from June to September receives 70% of the total annual rainfall
Data in parentheses indicate per cent of total annual growth in diameter

3.2 Dry Matter Yield

Results for dry matter yield were similar to tree diameter growth. Dry matter yield

comprising of branches, twigs and foliage for three growing seasons and three-year mean

yield (actual and adjusted for initial tree size) are displayed in Table 2.4.
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Contrasts Mean
(cm)

% of pure
tree

F P

Tree pruned 0.24 22
vs 76.3 <0.01

unpruned 0.86 80

Intercrop fertilized
vs

not fertilized

0.54

056

50

52

0.08 0.78

Barrier 0.47 44 <0.01
vs 9.73

no harrier 0.63 58

Treatments Pruned Unpruned Mean

Barrier 0.17 (90) 0.52 (73) 0.35 (82)

No barrier 0.28 (83) 0.67 (67) 0.48 (75)

Mean 0.23 (87) 0.60 (70)



Table 2.4 Impact of pruning and root barriers on dry matter yield in different
years with and without adjustment for initial variation in DBH

Means sharing a common letter do not differ (PO.O5)
(ANOVA: Table B. 1 & B.2)
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Treatments
Dry matter yield (kg ha')

June1991-
May 1992

June 1992-
May 1993

June 1993-
May 1994

Mean of 3 years

Without adj. With adj.

1 Pruned, fert.
barrier

2419 1631 1138 1729a 1805a

2 Pruned, fert.
no barrier

2844 2200 1419 2154a 2126a

3 Pruned, no fert.
barrier

2113 1506 1294 1638a 2005a

4 Pruned, no fert.
no barrier

2569 2319 1456 2115a 2173a

5 Unpruned,fert.
barrier

3656 5738 4000 4465b 4355b

6 Unpruned, fert.
no barrier

8650 8013 5063 7242d 6261c

7 Unpruned,nofert.
barrier

3781 4613 3731 4042b 4576b

8 Unpruned,nofert.
no barrier

6825 6181 4394 5800c 5672c

9 Pure tree 6256 7600 4769 6208c 6291c

LSD 1O.O5 1140 1039
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Dry matter yield differed significantly with treatments (P<0.0 1). The dry matter yield of

unpruned pure trees (T-9) and intercropped treatments T-6 and T-8 with no root barriers

were equivalent. The lowest tree yield (1805 kg ha' yf') occurred in treatment T- 1 when

trees were pruned with root barriers and crop was fertilized.

The orthogonal contrasts of treatments showed significant effects of pruning and root

barriers (P<0.01). An interaction was noticed between tree pruning and root barriers

(P<0.01) (Table 2.5), Application of fertilizer to crop had marginal impact on dry matter

yield of leucaena (P<0.08). Trees in association with fertilized crop yielded 4063 kg ha'

yf' of dry matter compared to 3607 kg ha' yf' with unfertilized crop.

Table 2.5 Orthogonal contrasts of dry matter yield of leucaena in kg ha1
and per cent of pure trees (in parentheses), 3 year mean

ANOVA: Table B. 1 & B.2

Pruned trees yielded dry matter that comprised mostly foliage and twigs. The per

cent contribution of branch, twig and leaf changed markedly with pruning twice in cropping

season (Table 2.6). The contribution of leaves to total dry matter yield was 44% when

Intercropped trees Pure trees
(unpruned)

Treatments Pruned Unpruned

6291 (100)Barrier 1905 (30) 5319 (85)

Nobarrier 2150(34) 5967(95)

Pruning x Barrier
P <0.01

LSD (0.05) 736
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pruned twice compared to a meager 4% for unpruned trees. Similarly the contribution of

twigs to total dry matter yield was 41% and 21% with pruned and unpruned trees, while the

balance of 75% and 15% were branches.

Table 2.6 Partitioning of total dry matter yield into foliage, twigs
and branches as influenced by tree pruning

Figures in parentheses represent per cent of total dry matter yield

Treatments Dry matter yield (k ha1)

branch twig foliage

Pruned trees 304 831 892
(15) (41) (44)

Unpruned trees 3912 1095 217
(7S) (21) (4)



4.0 DISCUSSION

4.1 Tree Diameter Growth

Tree diameter growth rather than height is a useful parameter to understand the

degree of plant stress and is dependent upon carbohydrates produced by branches (Kramer

and Kozowloski, 1960). The results illustrated a greater stress on leucaena tree with pruning

than with intercropping or placement of root barriers. A severe impact of pruning might be

due to reduced leaf area, transpiration and also reduced activity of root system. Schroth

(1995) observed reduced root mass and length density of Gliricidia sep/urn with shoot

pruning during crop development phase. The effect of root barriers was small when

compared to tree pruning. Lacking root barriers, leucaena trees had 14% higher growth in

diameter over trees with barriers. The reduced growth of trees in the presence of permanent

barriers might be due to lack of access to soil surface even after the harvest of crop

Intercropping of annual crops had negligible impact on diameter growth of unpruned

trees with no root barriers when compared to pure unpruned trees (Table 2.1) suggesting

little competitive ability of crops to affect tree growth. Similarly in alley cropping studies

crops had little impact on collar diameter growth of Grevillea robusta hedge rows (Huxley

et al., 1994). Little competitive ability of annual crops might result in severe reduction of

crop yield as observed in chapter-I; sorghum and cowpea in association with unpruned trees

yielded 39% and 26% of pure crop yield.
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From the results, a close relationship was clearly discernible between the rainfall and

tree diameter growth. An analysis of two decades (197 1-1990) rainfall data of the study site

indicated that 70 percent of total annual rainfall generally comes from June to September.

The tree growth corresponded to the rainfall pattern, about 70% of the diameter growth of

unpruned trees occurred during rainy season compared to 87% for pruned trees. This

suggests an adverse impact of pruning twice during cropping season on tree diameter growth

during off-season.

4.2 Dry Matter Yield

The treatments employed to increase crop yield had an adverse effect on tree growth

and dry matter yield. The lowest yield occurred in treatment T- 1 (1805 kg ha' yr') where

all three factors of pruning, root barriers and fertilizer application to crop were imposed.

Pruned and unpruned trees produced 30% and 95% of pure trees yield (6291 kg ha')

indicating a 65% reduction as a result of pruning (Table 2.5). A similar adverse affect of

pruning on leucaena hedgerows was noticed by Duguma et al. (1988) in alley cropping

studies. He noted that increasing of pruning frequency from 6 to 1 month was detrimental

to leucaena survival and biomass yield but increased maize and cowpea yield. Moreover,

in the present study growth of pruned trees suffered in part because of tender foliage

susceptible to leaf sucking insect, psyllid (Heteropsylla cubana)

The impact of root barriers on trees was small, as evident from the small differences

in yield with and without root barriers for pruned and unpruned trees. In many studies an
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increase in crop yields were noticed with pruning of lateral roots (Rasmussen and Shapiro,

1990; Korwar and Radder, 1994; Sharma et al., 1994). The results suggested crops lacked

the ability to compete with unpruned trees; since the reduction in yield of intercropped

unpruned trees (T-8) was marginal (10%) when compared to pure unpruned trees (T-9).

In alley cropping studies, however, a greater reduction in biomass yield of hedgerows was

observed when intercropped with maize compared to uncropped hedge rows (Huxley et al.,

1994). A severe impact in alley cropping might be due to shading of leucaena hedgerows

by maize at later stages of crop growth and close spacing of trees in hedge rows. A high

yield of unpruned trees at the cost of severe reduction in crops yield (see Chapter-I) makes

the agrisilviculture system less lucrative. Tree pruning had a positive influence on crop yield

but a strong adverse impact on tree growth and dry matter yield.

Pruning of trees influenced the per cent contribution of branch, twig and leaf to total

dry matter yield markedly. Pruned trees yielded mostly fodder with high proportion of

leaves and twigs compared to fuelwood for unpruned trees. The contribution of leaves to

total dry matter yield was 44% (892 kg ha' yf') with pruned trees compared to a meager

4% (217 kg ha1 yf') with unpruned trees. In a study of Pollarding of Erythrina

poeppigiana in a coffee plantation in Costa Rica similar results were obtained (Russo and

Budowski, 1986). Pollarding of E. poeppigiana at four month's interval yielded mostly

foliage (55%) of total dry matter yield (7850 kg ha1 yr1). Without pollarding the foliage

contribution changed markedly in a study of leucaena in Philippines by Micosa-Tandung

(1986); the foliage contribution was only 3.5% to total dry weight of the whole leucaena tree
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and the remaining was stem and top wood (data were collected from 2 to 10 year old trees

and dry weight ranged between 30 to 517 kg tree').

Most of the agricultural crops (cereals and millet) use less than 50% of the total

annual rainfall and the remaining half goes to waste in dryland areas as direct evaporation

from soil (Brady, 1990). Apart from an efficient use of off-season rainfall (Rao and Osman,

1994; Nambiar and Sands, 1993), the danger of soil erosion is reduced by presence of trees

(Young, 1986; Lal, 1989; Grewal et al., 1994). Biomass production of pollarded unpruned

trees was found to be much higher than the best performing sorghum crop on the research

site. This study showed that unpruned trees with a yield potential of about 6.0 t ha1yr 1 of

dry matter useful as fiuelwood can meet the house-hold energy requirement of a small family,

but at the cost of severe reduction in crops yield. In this region of India, food production

is far more important than fiuelwood or fodder.

There remains a need to optimize the yield of crops and trees and to ameliorate soil

degradation in the long term with the presence of trees (Young, 1986). This might be

possible with modification of spatial arrangements of trees and with changes in pruning

intensity or timing. Alternatively, allocation of land area to pure grain crops or trees based

on the demand of various products could be developed. Separate cropping of crops and

trees would provide the opportunity to harvest the high yield potential of pollarded leucaena

trees.



5.0 CONCLUSIONS

Agrisilviculture system offer the possibility of high fodder and fuelwood production,

but the severe reduction in crops yield deserves further research to reduce the competition

of trees with annual crops. Pruning of trees improved crop yield but is a labor intensive

practice with adverse effect on tree growth and yield. A minor impact of root barriers

suggests that trees can maintain growth and yield even with restricted surface root system.

Crop fertilization improved tree yield indicating a higher demand of nutrients to meet the

crop and tree needs in an agrisilvicultural system.

Rapid degradation of soil and declining area of forest in most tropical countries might

increase the drudgery of women and child, who are already under great pressure to meet the

energy needs of their family. Agrisilvicultural systems show promise in helping to meet the

energy needs of people in the semi-arid tropics but at the cost of annual crop yield. Thus,

there is a need to make the tree-based farming system more lucrative by testing various other

options of land uses like tree-crop rotation and further refinement of agrisilvicultural

systems. There is a potential to develop cultural practices such as timing, intensity of

pruning, and testing of spatial arrangements of trees to optimize tree and crop yield.

67



LITERATURE CITED

Brady, NC. 1990. The Nature and Properties of Soils, 10th edition, Mc Millan Pub. Co.
New York

Brewbaker, J.L., K. Mac Dicken, and R.J. Vandenbeldt. 1982. Tropical nitrogen-fixing
fuelwood trees. j Energy conservation and use of renewable energies in the bio-
industries (ed. F. Vogt), Pergamon Press Ltd, Oxford, UK, pp: 108-1 19

Brewbaker, J.L. 1987. Performance of Australian acacias in Hawaiian nitrogen-fixing tree
trials. Jp Australian acacias in developing countries. Proc. of an international
workshop, Gympie, Queensland, Australia, Aug 4-7, 1986 (ed. J.W. Turnbull), pp:
180-184

Duguma, B., B.T. Kang, and D.U.U. Okali, 1988. Effect of pruning intensities of three
woody leguminous species grown in alley cropping with maize and cowpea on an
alfisol. Agroforestry Systems 6: 19-3 5

Fisher, R. A. 1966. The design of experiments, 8th ed, Hanfer, New York, Ch. 10

Getahun, A. and B. Jama. 1986. Alley farming in the coastal area of Kenya. Ministry of
Energy and Regional Development, Renewable Energy Development Project,
Nairobi, Kenya, 43 p

Grewal, S.S.; M.L. Juneja; K. Singh; and S. Singh. 1994. A comparison of two
agroforestiy systems for soil, water and nutrient conservation on degraded land. Soil
Technology 7(2): 145-153

Hocking, D. and G. Rao. 1990. Canopy management possibilities for arboreal leucaena
in mixed sorghum and livestock small farm production systems in semi-arid India.
Agroforestry Systems 10: 135-152

Huxley, P.A.; A. Pinney; E. Akunda; and P. Muraya. 1994. A tree/crop interface
orientation experienced with a Grevillea robusta hedgerows and maize.
Agorforestry Systems 26: 23-45

Kang, B.T., L. Spikens, G.F. Wilson, and D. Nangju. 1981. Leucaena (Leucaena
leucocephala) (Lam) de wit) prunings as nitrogen source for maize (Zea mays L).
Fert. Res. 2: 279-287

68



69

Kang, B.T., G.F. Wilson, and T.L. Lawson. 1984. Alley cropping -A stable alternative
to shifting cultivation, IITA, Ibadan, Nigeria, 22 p

Kang, B.T., H. Gnmme, and T.L. Lawson. 1985. Alley cropping sequentially cropped
maize and cowpea with leucaena on a sandy soil in Southern Nigeria. Plant and Soil
85 (2): 267-277

Kang, B.T., L. Reynold, and A.N. Atta-Krah. 1990. Alley farming. Adv. Agron. 43:
3 15-3 55

Kass, D.L., H.M. Jimenez, and DCL. Kass. 1986. Effect of applying prunings of
Gliricidia sepium to maize and beans on an oxic dystropept in San Carlos, Costa
Rica. Nitrogen Fixing Tree Research Reports. 4: 11-12

Kirmse, R.D. and J.T. Fisher. 1989. Species screening and biomass trials of woody plants
in the semi-arid southwest Unites States. Biomass 18 (1):15-29

Korwar, G.R. and G.D. Radder. 1994. Influence of root pruning and cutting interval of
Leucaena hedgerows on the performance of alley cropped rabi sorghum.
Agroforestry Systems 25: 95-109

Kramer, P.J. and T.T. Kozlowski. 1960. Physiology of Trees. Mc Graw-Hill, New York,
642 p

Lal, R. 1989. Agroforestry systems and soil surface management of a tropical alfisol, II:
water runoff, soil erosion and nutrient loss. Agroforestry systems 8: 97-111

Lima, P.C.F. 1986. Tree productivity in the semiarid zone of Brazil. For. Ecol. Manage. 16:
1-13

Little, T.M. and F.J. Hills. 1978. Agricultural Experimentation-Design and Analysis.
Wiley, New York, 350 p

Mac Dicken, K.G., G.V. Wolf and C.B. Briscoe. 1991. Standard research methods for
multipurpose trees and shrubs. Winrock International Institute for Agricultural
Development. Arlington, VA, USA, 92 p

Micosa-Tandung, L. 1986. Biomass prediction equations for giant ipil-ipil (Leucaena
leucocephala (Lam.) de Wit). Sylvatrop 11: 1-22

Mulongoy, K. and M.K. Meersch. 1988. Nitrogen contribution by leucaena (Leucaena
leucocephala) prunings to maize in an alley cropping system. Biology and Fertility
of Soils 6(4): 282-285



70

Nambiar, E.K.S. and R. Sands. 1993. Competition for water and nutrients in forests.
Can. I For. Res. 23: 1955-1968

NAS. 1977. Leucaena: promising forage and tree crop for the tropics. NationalAcademy
of Sciences. Washington, D.C., USA, 98 p

Ong, C.K. ; J.E. Corlett, R.P. Singh; and CR. Black. 1991. Above and below ground
interactions in agroforestry systems. For. Ecol. Manage. 45: 45-57

Osman, M., J.C. Katyal, and G.R. Korwar. 1992. Evaluation of multipurpose tree species
in drylands: Cafeteria approach and future thrust. J Proc. of workshop on Tree
Improvement and Provenance Research, Rajasthan State Forest Department, Jaipur,
India, pp: 107-119

Pathak, B.S., A.K. Jam, and Ajaib-Singh. 1987. Characteristics of Leucaena
leucocephala and Sesbania grandflora woods. Indian Forester 113 (3):
228-232

Rao, J.V. and M. Osman. 1994. Silvopastoral Systems for Drylands. Proc. of
International Conference on Sustainable Development of Degraded Lands through
Agroforestry in Asia and the Pacific, New Delhi, 25-30 Nov, 1994. InAgroforestry
Systems for Degraded Lands (eds. Panjab Singh, PS Pathak and MM Roy), Oxford
and IBH Pub. Co., New Delhi, pp: 755-760

Rasmussen, S.D. and CA. Shapiro. 1990. Effect of tree root pruning adjacent to windbreaks
on corn and soybeans. I Soil and Water Conservation 45 (5): 57 1-575

Russo, R.O. and G. Budowski. 1986. Effect of pollarding frequency on biomass of
Erythrinapoeppigiana as a coffee shade tree. Agroforestry Systems 4: 145-162

Schroth, G. 1995. Tree root characteristics as a criteria for species selection and systems
design in agroforestry. Agroforestry Systems 30: 125-143

Shankarnaryan, K.A., L.N. Harsh, and S. Kathju. 1987. Agroforestry in the arid zone of
India. Agroforestry Systems 5: 69-88.

Sharma, B.M.; S. S. Rathore and J.P. Gupta. 1994. Compatibility studies on Acacia
tortilis and Zizyphus rotundfolia with field crops under arid conditions. Indian
Forester 120 (5): 423-429

Singh, R.P., R.J. Vandenbeldt, D. Hocking, and G.R. Korwar. 1989a. Alley farming in
the semi-arid regions of India. p: Alley farming in the humid and sub-humid tropics
(ed. B.T. Kang and L. Reynold), pp: 100-122.



71

Singh, R.P; C.K. Ong; N. Saharan. 1989b. Above and below ground interactions in alley
cropping in semi-arid India. Agroforestry Systems 9: 259-274

Ssekabembe, C.K. 1985. Perspectives on hedgerow intercropping. Agroforestry Systems
3: 339-356

Verinumbe, I. 1993. Soil and Leucaena leucocephala L. growth variability under Faidherbia
albida Del and Zizyphus spina-christi L. Desf. Agroforestry Systems 21: 287-292

Wilson, G.F., B.T. Kang, and K. Mulongoy. 1986. Alley cropping: trees as sources of
green- manure and mulch in the tropics. Biol. Agric. Hort. 3: 251-267

Wood, P.J. and J. Burley. 1991. A Tree for all Reasons. the Introduction and
Evaluation of Multipurpose Trees for Agroforestry. International Center for
Research in Agroforestry, Nairobi, Kenya, 158 p

Young, A. 1986. Effects of trees on soils. ICRAFReprintNo: 31 Nairobi, Kenya, 41 p



CHAPTER III

Production Potential of an Agrisilviculture System Involving
Poltarded Leucaena Trees

M. Osman and W.H. Emmingham
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ABSTRACT

This study aimed at quantifying the influence of competition between trees

(Leucaena leucocephala) and crops on combined production under a non-irrigated situation

at Hyderabad, India. The soils were representative of alfisols in semi-arid climate. Leucaena

trees were pollarded annually in May before crop sowing and were pruned twice during

cropping season. Root barriers were placed around the tree to a depth of 0.6 m to mitigate

competition for below ground resources with the annual crop.

Pruning twice reduced tree production and increased crop yield in an agrisilviculture

system. The highest total biomass was produced in the agrisilvi-system by treatments with

fertilized unpruned trees. Similarly, production in terms of fodder yield equivalent (FYE)

based on cash value was greater with fertilized unpruned trees than with pure cropping,

irrespective of distribution of rainfall. This combination also gave more consistent cash

yields during drought year. In years with norma' distribution of rainfall, agrisilviculture with

unpruned trees and pure cropping were equivalent.

Land equiva'ent ratio (LER), an index for combined production based on the market

value of fodder/fhelwood and grain yield (FYE) showed no advantage with or without root

barriers when intercropped with pruned trees. Without root barriers an LER of 1.55 was

achieved with sorghum as intercrop suggesting an advantage with unpruned trees, but

presence of root barriers reduced LER to 1.16. This system appeared to be biologically

possible and economically feasible but may not be socially acceptable because of severe

reduction in grain crop yield.
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1.0 INTRODUCTION

In the semi-arid and arid tropics, most monocropping systems lack the ecological

features to ensure efficient nutrient cycling, water and soil conservation (Altieri, 1991).

Improved farming systems are needed to enhance the production and to reduce the

degradation of alfisols in the semi-arid tropics (Smith et al., 1992). Trees in the semi-arid

and arid tropics are managed primarily for fodder and fuelwood production rather than soil

improvement. Farming in this setting is mostly at a subsistence level. Fertilizers stimulates

crop production, but farmers lack the risk bearing ability to meet the cost of fertilizer in the

event of drought induced crop failure. Many problems including drought complicate

sustainable agriculture in the over-populated semi-arid tropics, and require innovative

cultural systems.

Small scale labor intensive agriculture is practiced by about one billion farmers in

developing countries who till an average of one hectare land (Norman, 1978). If ignorance

and poverty can be eliminated, small-scale farms could result in increased production and

perhaps sustainable systems with other advantages. Sustainability of land use systems has

both short and long term aspects (Price, 1995). In the short-term economic sense,

sustainabiity implies an ability to survive fluctuations in the conditions of production on the

farm and sale in the market place (Price, 1995). In the long term sustainability is the

maintenance of productive capacity of soil. Drought prone areas lack some elements of

both the aspects of sustainability.
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This study aimed at quantifying the effect of shoot pruning, root barriers around tree

and crop fertilization on combined production by tree and crop, as indicated by three

different indices of production: 1. total biomass production, 2. fodder yield equivalent, and

3. land equivalent ratio in a short term economic perspective. The null hypothesis was that

production was similar for 1 an agrisilviculture system 2. pure crop system and 3. pure tree

system. The hypothesis was tested using the three different indices of production.



2.0 MATERIALS AND METHODS

The details of layout of the agrisilviculture system and treatments are presented in

chapter-I. The methodology adopted to compute production for different indices are

discussed here.

Three different analysis of outputs were followed to assess the production of

agrisilviculture system vis a vis pure tree or pure crop. The approaches were biomass

production (BM), fodder yield equivalent (FYE) and land equivalent ratio (LER).

In the first approach the net above ground biomass production of tree and crop by

intercropped treatments was compared with pure systems of tree and crop without assigning

any weightage to grain or seed crop yield.

There is no widely accepted criterion available for assessing the production of

agrisilviculture system yEs a vis pure cropping, thus, the concept of fodder yield equivalent

(FYE) was adopted as second approach. This involved transformation of tree and crop yield

into a common commodity "fodder" based on cash value. Sorghum straw is considered as

a valuable fodder for livestock and fetches a good price in local markets. Rao (1983)

showed the price of sorghum straw fluctuated between 20% and 25% of grain price, while

Hocking and Rao (1990) found 15% in their study.

For estimating fodder yield equivalent, the grain of sorghum was valued at 8 times

the value of sorghum straw. Pruned trees produced fodder while unpruned trees produced

fi.ielwood. The price used for fiielwood was twice that of sorghum straw, while the price

of leucaena fodder was similar to that of sorghum straw; as observed by Hocking and Rao
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(1990) for the same region as this study. Because there is no well-developed market for

leucaena products, prices used were those for minimally-priced comparable commodities.

For cowpea, seed was converted to fodder yield equivalent by doubling its value

compared to sorghum grain, since the prevailing market rate of cowpea seed for human

consumption was two times of the price of sorghum grain. Dry matter of cowpea stalks was

not included, since there is no market value for plant stalks of cowpea, when grown for seed

purpose. Thus, one kilogram of sorghum straw was equivalent to one kg of leucaena

fodder, half kg of leucaena fuelwood, 1/8th kg of sorghum grain and 1/16th kg of cowpea

seed based on cash value.

The third approach, land equivalent ratio (LER) is the most commonly used index

for intercropping studies (Riley, 1986). LER was selected compared to other indices like

area x time equivalency ratio and area x harvests equivalency ratio because of its re'evance

in the semi-arid tropics, where double cropping is not possible (Fukai, 1993). LER is

defined as the relative area needed to produce the same yields by pure system as are

produced by agrisilviculture system. Land equivalent ratio was formally defined by Wiley

and Osiru in 1972 as:

LER = yic/pc + yit/ypt

where yic = the yield per unit area of intercropped annual crop component;

ypc = the yield per unit area of pure annual crop;

yit = the yie'd per unit area of intercropped tree component; and

ypt = the yield per unit area of pure tree.
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LER values were estimated for intercropped treatments from T-1 to T-8. LER is

based on fodder yield equivalent values of tree and crop. Fodder yield equivalent values of

crop and tree were taken to avoid the dissimilarities of the products in agroforestry research

as proposed by Riley (1986). Any value of land equivalent ratio (LER) more than unity

suggested yield advantage of agrisilviculture over pure system of tree or crop.

Data on biomass production and fodder yield equivalent were analyzed as

randomized block design using statgraphics software for respective years and also taking

three years as replicate (Manugistics, 1993). Land equivalent ratio was statistically tested

as factorial RBD taking two year yield data of tree and sorghum as intercrop. Sorghum was

raised from June to September in 1991 and 1992, while tree yield correspond to June 1991

to May 1992 and June 1992 to May 1993. Treatment means were differentiated using

Fisher's protected least significant difference (LSD), and multiple comparisons were made

using LSD range test (Fisher, 1966).



3.0 RESULTS

3.1 Biomass Production

Large differences in biomass production were associated with years (P<0.01) and

treatments (P<0.01). Biomass production was the highest in 1991-92 (6840 kg ha')

followed by 1992-93 (5751 kg ha') and was the lowest in 1993-94 (3957 kS'ha ).

Irrespective of rainfall distribution in different years, unpruned fertilized plots had

consistently high total biomass production (Table 3.1). Unpruned tree treatments had high

production in 1992-93 when sorghum failed due to prolonged dry spells. Over 3 years

significantly higher production was recorded for pure tree compared to pure crop. The

negative impact of root barriers was statistically significant with unpruned trees and crop

fertilized.

3.2 Fodder Yield Equivalent

Strong differences in production in terms of fodder yield equivalent (FYE) were

noticed with treatments (P<0.01). Production was the highest in 1991-92 (19649 kg ha1)

and differed significantly from 1992-93 (12135 kg ha') and 1993-94 (12047 kg ha1). No

advantage of agrisilviculture system over pure cropping was noticed in years with normal

distribution of rainfall when intercropped with sorghum (1991) or cowpea (1993) (Table

3.2). Irrespective of rainfall distribution in different years, the fertilized unpruned tree plots
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Table 3.1 Effect of pruning, root barriers and application of fertilizer on
biomass production (kg ha-1) in an agrisilviculture system

Means sharing a common letter within column do not differ (P<O.05), S=Sorghum; C=Cowpea; LLeucaena
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Treatments
1991-92 1992-93 1993-94 Mean

of 3
years

S L total S L total C L total

lPrune,fert.,
barrier

4731 2419 7150
bc

3474 1631 5105
bc

2550 1138 3688
abcd

5314
bc

2 Prune, fert.,
no barrier

4200 2844 7044
bc

3377 2200 5577
cd

1938 1419 3357
abc

5326
bc

3Prune,nofert.,
barrier

3832 2113 5945
ab

2517 1506 4023
abc

1534 1294 2828
a

4265
ab

4Prune,nofert.,
no barrier

3370 2569 5939
ab

2187 2319 4506
abc

1555 1456 3011
ab

4485
ab

5Unprune,fert.,
barrier

2831 3656 6487
abc

1887 5738 7625
ef

1294 4000 5294
de

6469
cd

6Unprune,fert.,
no barrier

2228 8650 10878
d

1435 8013 9448
g

1090 5063 6153
e

8826
e

7Unprune,
no fert., barrier

2031 3781 5812
ab

1126 4613 5739
cde

821 3731 4552
bcd

5368
bc

8Unprune,no
fert., no barrier

2101 6825 8926
cd

957 6181 7138
def

628 4394 5022
de

7029
d

9 Pure tree,
no fert.

- 6256 6256
ab

- 7600 7600
f

- 4769 4769
cde

6208
cd

10 Pure crop
fert.

6713 - 6713
abc

3459 - 3459
ab

2731 - 2731
a

4301
ab

liPurecrop
nofert.

4088 - 4088
a

3036 - 3036
a

2126 - 2126
a

3083
a

Mean of total 6840 5751 3957



Table 3.2 A comparison of agrisilviculture with pure tree or pure crop in terms
of fodder yield equivalent@ (kg ha-1)
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Means sharing a common letter within column do not differ (P<O.05), SSorghum; C=Cowpea; L=Leucaena

( 1 kg sorghum straw or leucaena fodder=1 /2 kg leucaena fuelwood:= 1/8 kg sorghum grain= 1/16 kg cowpea seed

Treatments
1991-92 1992-93 1993-94 Av. of

3 years
S L total S L total C L total

1 Prune, fert.,
barrier

19851 2419 22270
bc

9053 1631 10684
ab

12976 1138 14114
cd

15689
abcde

2 Prune, fert.,
no barrier

17766 2844 20610
bc

8578 2200 10778
ab

8688 1419 10107
ab

13832
abcd

3Prune,nofert.,
barrier

15298 2113 17411
ab

6150 1506 7656
a

6480 1294 7774
a

10943
ab

4Prune,nofert.,
nobarrier

14045 2569 16614
ab

5827 2319 8146
a

6128 1456 7584
a

10781
a

5Unprune,fert.,
barrier

12106 7312 19418
bc

5135 11476 16611
d

5632 8000 13632
bcd

16554
cde

6Unprune, fert.,
no barrier

8878 17300 26178
c

4144 16026 20170
e

5344 10126 15470
d

20606
e

7Unprune,
no fert., barrier

8422 7562 15984
ab

2673 9226 11899
bc

4016 7462 11478
abc

13120
abcd

8Unprune,no
fert., no barrier

8324 1365021974
bc

2378 12362 14740
cd

2480 8788 11268
abc

15994
bcde

9 Pure tree,
no fert.

- 12512 12512
a

- 15200 15200
cd

- 9538 9538
a

12417
abc

10 Pure crop
fert.

26488 - 26488
c

9080 - 9080
ab

17424 - 17424
d

17664
de

IlPurecrop
no fert.

16688 - 16688
ab

8517 - 8517
a

14128 - 14128
cd

13111
abcd

Mean of total 19649 12135 12047
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(treatment T-6) showed a consistent performance. In 1992, treatments with unpruned trees

maintained high production even though the sorghum crop failed due to drought.

3.3 Land Equivalent Ratio

Land equivalent ratio, an index of combined production was estimated taking the

values of fodder yield equivalent. An analysis of two year data with sorghum as intercrop

indicated a interaction between pruning and root barriers, when data were analyzed as

factorial RBD (P<O.02) (Table 3.3). LER values were close to unity when intercropped

with pruned trees and were high with unpruned trees. The effect of root barriers was more

pronounced on unpruned trees. Treatments with fertilized unpruned trees, with no root

barriers had high LER (1.55) compared to treatments with root barriers (1.16); but

differences were small with pruned trees.

Combined mean LER for all agrisilvi treatments was high in 1991-92 (1.18) followed

by 1992-93 (1.09) when sorghum was intercropped with leucaena (Table 3.4). In 1993-94,

combined LER values were less than unity (0.92) when cowpea was intercropped with

pruned trees but were high with fertilized unpruned trees.

Table 3.3 Effect of tree pruning and root barriers on 2 year mean land
equivalent ratio with sorghum as intercrop

Treatments Pruned Unpruned

Trees with root barriers 1.10 1.16

Trees without root barriers 1.03 1.55

LSD pruning x barriers 0.26



Table 3.4 Effect of pruning, root barriers and application of fertilizer on
land equivalent ratio (LER) in different years

S=Sorghum; C=Cowpea; L=Leucaena
LER was computed by taking the values of fodder yield equivalent (FYE)
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Treatments 1991-92 1992-93 1993-94

Partial LER LER Partial LER LER Partial LER LER

S L S L CL
1 Prune, fert.,

barrier
0.75 0.19 0.94 1.00 0.11 1.11 0.74 0.12 0.86

2 Prune, fert.,
no barrier.

0.67 0.23 0.90 0.94 0.14 1.08 0.50 0.15 0.65

3 Prune, no fert.
barrier

0.92 0.17 1.09 0.72 0.10 0.82 0.46 0.14 0.60

4 Prune, nofert.,
no barrier

0.84 0.21 1.05 0.68 0.15 0.83 0.43 0.15 0.58

5 Unprune, fert.,
barrier

0.46 0.58 1.04 0.57 0.76 1.33 0.32 0.84 1.16

6 Unprune, fert.,
no barrier

0.34 1.38 1.72 0.46 1.05 1.51 0.31 1.06 1.37

7 Unprune, no fert.,
barrier

0.50 0.60 1.10 0.31 0.61 0.92 0.28 0.78 1.06

8 Unprune, no fert.,
no barrier

0.50 1.09 1.59 0.28 0.81 1.09 0.18 0.92 1.10

Mean of LER 1.18 1.09 0.92



4.0 DISCUSSION

Intercropping systems are most productive when their component crops differ greatly

in their growth duration (Fukai and Trenbath, 1993). In agrisilviculture system leucaena

grew from June to May, while the crop was raised from June to September. The growth

duration of components differed greatly, therefore, these systems should produce greater

yield advantages. Analysis showed the agrisilviculture system in terms of fodder yield

equivalent (FYE), which was based on cash value, to be more profitable. Irrespective of

rainfall behavior in different years, a consistent performance of intercropped treatments with

unpruned trees demonstrated the risk reducing ability of the agrisilviculture system, when

compared to pure cropping or intercropping with pruned trees. Higher production in terms

of biomass output, FYE and LER in 1991-92 was attributed to better distribution of rainfall

and compatibility of sorghum with leucaena. Poor production in 1993-94 demonstrated

poor compatibility of cowpea and leucaena despite a favorable distribution of rainfall after

sowing of crop. Moreover, cowpea stalks lacked market value and the quantity produced

was also low when compared to sorghum straw. In alley cropping studies, Singh et al.

(1989) observed sorghum and pearl millet to be the most shade tolerant cereal crops with

yield averaging about 75% of pure crop in wide alleys across various sites and years. Lal

(1989), Lawson and Kang (1990) observed yield reduction up to 50% in cowpea compared

to 10% in maize in alley cropping studies.

Unpruned trees yielded a high biomass, FYE and LER because of high tree yield.

Canopy management in agrisilviculture system demonstrated that yield advantages resulted
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only when the dominant "tree" component was not suppressed severely by repeated pruning.

Increased LER could occur if increased yield of the annual crop could be attained by

cultural practices like application of fertilizer and change in tree geometry. Pruning of trees

increased the crop yield but that increase did not offset the greater loss in tree yield. In a

study in Kenya, ftielwood from unpruned leucaena was found to be more lucrative than the

loss in crop yield by farmers (Getahun and Jama, 1986). This agrisilvicultural system with

unpruned trees had high potential when value was attached to the scarce fuelwood

commodity. A severe reduction in crops yield makes this agrisiliviculture system socially

unacceptable, although, economically feasible and more sustainable in the long term.

Root barriers had negative impact with fertilized unpruned trees and reduced the

LER from 1.55 to 1.16, while the impact of root barriers with pruned trees was found to be

small. This was similar to finding of Hocking and Rao (1990), where in they got a LER of

1.35 with pollarded leucaena with no root barriers and sorghum as intercrop. Getting a

sustained LER in agroforestry systems is difficult because of no tree harvest during initial

years of tree establishment, however, crop yield reduction will be minimal during that period.

Earlier studies showed that income from trees pollarded in the 4th year can meet the cost of

tree establishment. Rao et al. (1991) observed no advantage of alley cropping in terms of

LER for the same region as this study when hedge prunings were used as mulch. The highly

positive LER associated with pre-growing season pollarding and no pruning during cropping

season may be explained by the vigorous re-growth of coppice shoots, larger leaflet size

(Hocking and Rao, 1990), and the high value of fuelwood compared to fodder.
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Drought and frequent crop failure is a common feature of dryland agriculture. Trees

are less prone to extremes of climatic conditions and can overcome the aberration of variable

monsoon rains. In 1992-93, sorghum crop failed, but treatments with unpruned trees

imparted stability in fodder and fuelwood production. More importantly in drought years,

livestock can be saved with tree based farming systems. This can help farmers maintain their

livestock until the next season and avoid the distress sales that may start a downward spiral

of land loss and poverty. In 1985 at Rajkot, India, all the crops failed due to poor rainfall

(30% of the normal) but leucaena yielded 5 tonnes ha1 of green fodder; a valuable

commodity in drought years (GAU, 1986).

There are several advantages of unpruned management of pollarded leucaena trees.

First, the family labor can be effectively utilized for collection of pod and fuelwood during

the off season before the onset of monsoon. Second, litter fall is greater during spring before

the harvest of fiielwood. This may improve the soil properties in the long term. Third, the

green tender pods during post monsoon period will provide nutrient rich feed for livestock

or can be cooked as a food for humans. Seed also can be collected from mature pods to

extract the gum. The system will become more lucrative by increased use of leucaena seed

for productive purposes like manufacturing of gum, which can cut paper making cost

(Banoun, 1992). All the above advantages are unlikely to overcome the single biggest

disadvantage of reduction in crop yield.

There might be a possibility to increase the yield of annual crops in association with

unpruned trees by modifying planting geometry from square to paired row or cluster. A

wide inter-row spacing between paired rows of trees might reduce the tree-crop competition.
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Another approach could be planting of trees in clusters resembling the traditional farming

system of dispersed trees in crop lands. Management of tree plantations for fodder and fuel

in combination with pure crops area may offer advantages if markets of fuelwood and fodder

can be accessed. Earlier studies in the same region showed little or no economic advantage

of alley cropping over block planting of tree or crop components, but alley cropping was

beneficial in terms of soil and water conservation (Rao et al., 1991). Alley cropping (Singh

et al., 1989; Rao et al., 1991) and this agrisilviculture have demonstrated little relevance of

these two agroforestry systems in improving crop yield in the short term economic sense in

this region. However, soil and water conservation, nutrient cycling characteristics of these

systems are well proven (Young, 1986) and are important to impart long term sustainability

in this fragile agro-ecosystem.

The option of block planting of tree and crop components with rotation in time is

promising but tree establishment is a costly activity. The disadvantage with block planting

is the long waiting period of 8-10 years to rotate trees and crops and little use of off-season

rains which account for 30% of total annual rainfall. Moreover, tree establishment in dry

semi-arid tropics is a difficult task because of edaphic, climatic and biotic stresses. The

option of field boundary planting also holds promise, since land holding sizes are small in the

semi-arid tropics. This will enable to harvest the high yield potential of leucaena trees and

may impart some of the ecological features to ensure both the long and short term aspect of

sustainability.



5.0 CONCLUSIONS

An agrisilviculture system with unpruned trees was observed to be more productive

in terms of biomass production, fodder yield equivalent and land equivalent ratio but at the

expense of crop yield. The agrisilviculture system with pruned trees was found to be less

productive than a pure grain crop system in terms of fodder yield equivalent and LER

suggesting no advantage of pruning in agrisilvi system over pure tree or pure crop system.

Fertilizer application to grain crops improved total production by tree and crop, suggesting

the necessity of fertilizer application in an agrisilviculture system. Root barriers do not

appear practical because of a strong negative impact with unpruned trees and a marginal

positive impact on crops yield. Within the agrisilviculture system, pruning was more

effective in enhancing grain crop yield than root barriers.

In view of the great demand for food crops in the semi-arid tropics, the

agrisilviculture system needs to be perfected for minimal impact of trees on crops to make

the agrisilviculture system more lucrative. Other agronomical cultural practices like choice

of crop, tree planting geometry, timing and intensity of pruning, fertilizer scheduling, etc.

may be useful for enhancing total output and economic gains. Other land use options like

tree-crop rotation, planting of trees on field boundary may be tested v/s a v/s agrisilviculture

system to give a variety of tree-based land use models suitable according to the needs and

production objective of the farming community.
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CHAPTER 1V

Crop Uptake and Changes in Soil N & P Content as Influenced by
Pruning of Leucaena Trees and Sorghum Fertilization

in an Agrisilviculture System

M. Osman and W.H. Emmingham
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ABSTRACT

This study aimed at quantifying the influence of pruning of trees (Leucaena

leucocephala) and crop fertilization on nutrient uptake and changes in soil available N & P

on representative alfisol soils in semi-arid India. Leucaena trees were pollarded annually

before crop sowing. Pollarded trees were pruned twice during the cropping season. Crop

uptake and changes in soil N & P were determined with and without trees, shoot pruning,

and crop fertilization.

The highest uptake of N & P was with fertilized pure crop, followed by crop in

association with pruned trees and fertilization. Uptake of both N & P was lowest with

unfertilized crop intercropped with unpruned trees. Tree pruning twice reduced nutrient

recycling through litter fail because pruned twigs and foliage were removed for fodder. Tree

pruning reduced flowering, fruiting and leaf fall. Unpruned trees, when managed for

fiielwood production, recycled 103 kg of N and 6.8 kg of P ha1annually through seed, pod-

wail and leaf fall. An improvement in available N & P in the soil occurred with application

of fertilizer to sorghum with or without leucaena trees. A possibility of meeting N demand

of cereals exists with unpruned trees but at the expense of crop yield, while meeting the P

requirement would demand application of phosphate fertilizers.
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1.0 INTRODUCTION

Sustainabiity of land use systems has both short and long term perspectives (Price,

1995). In the short-term economic sense, sustainability implies an ability to survive on the

sale or consumption of crops produced. In the long term, sustainability implies maintenance

of productive capacity of the soil. In the humid tropics, agroforestry systems, i.e. alley

cropping have proven that they can improve soil physical and chemical properties by return

of tree foliage to the system (Young, 1986; Kang et al., 1984; Kang et al., 1985; Lal, 1989;

Young, 1989a; Palm, 1995). In the semi-arid tropics, apart from soil moisture, production

is also limited by the availability of soil nitrogen (Vandermeer, 1989). Moreover, tropical

soils are also deficient in phosphorus (Dudal, 1977). Nitrogen enrichment of soil is possible

by growing leguminous trees (Palm, 1995), but demand for phosphorous by legumes is high

(AlIen, 1963).

Leucaena leucocephala (Lam.) de Wit is one of the promising nitrogen fixing

leguminous tree species. Application of leucaena prunings have been observed to increase

the yield of different crops (Kang et al., 1981; Kang et al., 1984; Kang et al., 1985; Kang

et al., 1990; Kass et al., 1986; Lal, 1989; Mulongoy and Meersch, 1988; Ssekabembe, 1985).

In the arid and semi-arid tropics, however, tree prunings and crop residues are too valuable

in the short term as a source of fodder to be returned to soil for long term sustainability (Ong

et al., 1991). Trees in the semi-arid and arid tropics are mostly managed for fodder and

fuelwood production rather than soil improvement. Application of tree prunings, green

manuring, or use of mulches is rare. Thus, long term sustainability is unlikely because of
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annual harvest of trees and crops without supplementing required nutrients like phosphorous

in an agrisilviculture system. In a review article, Sanchez (1995) observed that several

agroforestry systems met the nitrogen requirements of moderate yields of grain crops, but

these systems were unable to meet the phosphorous requirements.

This study aimed at quantif'ing the effect of tree pruning and crop fertilization on

nutrient availability and crop uptake. This issue was addressed by observing the changes in

available N and P content of soil over time. Removal of the nutrients in crop were examined

in view of annual addition through fertilizer and mobilization through litter. Quantification

of other internal nutrient fluxes like nitrogen fixation and phosphorous mobilization and

export of nutrients through tree harvest were not attempted. The study concentrated on N

& P which are critical nutrients for maintaining production in these soils.

To meet the above objective, I tested the null hypothesis that presence of trees does

not influence the uptake of N & P by crop and available N & P in soil in a six year old

agrisilviculture system.



2.0 MATERIALS AND METHODS

The details about the study were given in chapter-I. The methodology adopted to

determine crop uptake and changes in soil N & P content are discussed here. The study was

confined to the period of 1991-93 when sorghum was intercropped with leucaena trees.

Sorghum was fertilized with 40 kg of nitrogen in two splits (at sowing and 4 weeks after

sowing) and 30 kg of phosphorous at the time of sowing. The treatments included a

perenrñaj component - pollarded Leucaena leucocephala (cv: K-8) trees and an annual crop

- sorghum. Treatment combinations were as follows:

T- 1 Tree pruned + Crop fertilized

T-2 Tree pruned + Crop unfertilized

T-3 Tree unpruned + Crop fertilized

T-4 Tree unpruned + Crop unfertilized

T-5 Pure crop fertilized

T-6 Pure crop unfertilized

T-7 Pure tree unpruned, unfertilized

Nitrogen and phosphorous content of grain and straw at harvest for all treatments

were determined for sorghum raised in 1991 and 1992. The uptake was computed by

multiplying the respective N & P concentration with dry weight of sorghum grain and straw.

Nitrogen concentation of sorghum grain and straw were determined by micro Kjeldahl,

while P concentration was determined by wet digestion method (Piper, 1966).
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Pods were collected from unpruned trees before seed shedding from November 1992

to January 1993 to estimate N and P content of seed and pod-wall. Pods were formed only

on unpruned trees. Weight of seed and pod-wall was recorded separately after sun drying

and threshing of leucaena pods. N & P concentration of different plant parts of leucaena

litter like leaves, seed and pod-wall were determined using the methods followed for

sorghum grain and straw. Total foliage of an average sized tree was harvested before the

leaf fall in November. The weight of foliage was recorded after drying to a constant weight

in an oven at 65 °C. Nutrient concentration of fallen leaves was used to estimate the N &

P recycled through leaf fall N & P concentration of fallen leaves was multiplied with the dry

weight of harvested foliage. Leaf fall and nutrient recycled through leaf fall was estimated

on a hectare basis taking a density of 625 trees spaced 4 x 4 m apart. No leaf fall was

observed for pruned trees, since repeated pruning in cropping season eliminated leaf fall even

during the winter and spring.

Soil samples were collected in June 1991, June 1992 (before sowing) and January

1993 after the harvest of second crop of sorghum for assessing the changes in soil available

N & P. Available N was determined using alkaline permanganate method (Subbaiah and

Asjja, 1956) and available P was determined by Olsens method (Olsen et al., 1954).

Data of N & P uptake were analyzed as 2 x 3 x 2 factorial taking two years (1991

& 1992), level of tree canopy (tree pruned, unpruned and no tree) and level of crop

fertilization (fertilized and unfertilized). Data of available N & P in soil were analyzed both

as randomized block design and factorially for crop containing treatments as above.

Treatments mean were differentiated using Fisher's protected least significant difference.



3.0 RESULTS

3.1 N & P-Uptake by Sorghum at Harvest
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Crop performance was normal in 1991 because of adequate distribution of rainfall,

while in 1992 the crop faced a prolonged dry spell in the early vegetative and late grain

filling stage. N-uptake by sorghum grain differed strongly with year, pruning and crop

fertilization (Table 4.1). The highest uptake occurred with the pure sorghum crop and the

lowest was with the crop raised in association with unpruned trees. Uptake of N by

sorghum grain in 1992 was half of that of 1991. Fertilizer application increased the uptake

of N by sorghum grain.

N-uptake by sorghum straw differed significantly with year, pruning and crop

fertilization. In contrast to grain, sorghum straw had higher uptake in 1992 than in 1991

(Table 4.1). Highest uptake occurred with pure crop and fertilizer application increased the

N-uptake.

Total N-uptake by sorghum grain and straw differed strongly with year, pruning and

crop fertilization (Table 4.1). Total uptake was high in 1991 compared to 1992. Presence

of trees reduced the uptake of nitrogen and the lowest uptake occurred when sorghum was

intercropped with unpruned trees.

P-uptake by sorghum grain differed strongly with year and tree pruning (Table 4.2).

An interaction was found between year and tree pruning (P <0.03). P-uptake in 1992

reduced significantly compared to 1991.
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P-uptake by sorghum straw differed strongly with year and pruning. An interaction

was found between year and pruning (Table 4.2). Tree pruning increased the uptake and

was high in 1991 compared to 1992.

Total P-uptake by sorghum grain and straw differed strongly with year and pruning

(Table 4.2). Uptake was high in 1991 compared to 1992. Highest uptake occurred with

pure crop and the lowest was with crop associated with unpruned trees.

3.2 Nutrient Recycled Through Leucaena Litter

Pruning of leucaena eliminated flowering, fruiting and leaf fall. Unpruned trees

produced large quantity of pods and had heavy leaf fall. Pod yield of leucaena was not

influenced by root barriers and fertilizer application to sorghum (P<0.2). On average,

unpruned leucaena trees produced 2313 kg ha1 of pods, yielding 1050 kg ha1 of seed per

annum and the rest was pod-wall (1263 kg ha 1) The foliage yield obtained from the

harvest of an unpruned representative tree was 3.4 kg. On a hectare basis, the estimated leaf

fall was 2125 kg for a plantation at a density of 625 trees. Based on that density, the nutrient

recycled from seed, pod-wall and leaf fall was 50, 15 and 38 kg ha1 of N and 3.8, 1.1 and

1.5 kg ha1 of P, respectively (Table 4.3). Leucaena seed had the highest N & P

concentration compared to other plant parts. Fallen leaves had less N & P concentration

compared to intact green leaves.



Table 4.1 N-uptake by sorghum grain, straw, and total grain plus straw as
influenced by pruning and fertilization in 1991 and 1992 (kg ha-1)
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Treatments 1991 1992 Mean

Fert. Unfert. Fert. Unfert.

Grain 23.3 18.2 11.5 8.5 15.4
Tree pruned + crop

Straw 12.7 8.9 23.0 11.6 14.1

Total 36.0 27.1 34.5 20.1 29.5

Grain 15.1 13.3 7.2 3.2 9.7
Tree unpruned + crop

Straw 8.3 6.9 10.6 5.3 7.8

Total 23.4 20.2 17.8 8.5 17.5

Grain 32.8 17.9 16.3 13.4 20.1
Pure crop

Straw 21.1 9.5 27.3 17.6 18.9

Total 53.9 27.4 43.6 31.0 39.0

Grain 23.7 16.5 11.7 8.4
Mean

20.1 10.0

Straw 14.0 8.4 20.3 11.5

11.2 15.9

Total 37.8 24.9 32.0 19.9

31.3 25.9

Grain Straw Total

LSD P LSD P LSD P
year 3.13 0.01 2.88 0.01 5.12 0.04
pruning 3.83 0.01 3.52 0.01 6.27 0.01
fertilizer 3.13 0.01 2.88 0.01 5.12 0.01
yearxpruning NS 088 NS 0.11 NS 0.65
year x fertilizer NS 0.22 NS 0.26 NS 0.88
pruningxfert. NS 0.25 NS 0.12 NS 0.11
yearxprun.xfert. NS 0.17 NS 0.39 NS 0.19



Table 4.2 P-uptake by sorghum grain, straw and total grain plus straw as
influenced by pruning and fertilization in 1991 and 1992 (kg ha-1)
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Treatments 1991 1992 Mean

Fert. Unfert. Fert. Unfert.

Grain 8.2 7.1 2.6 2.1 5.0
Tree pruned + crop

Straw 1.5 1.1 3.9 2.6 2.3

Total 9.7 8.2 6.5 4.7 7.3

Grain 4.5 3.4 1.4 0.9 2.6
Tree unpruned + crop

Straw 1.4 1.2 1.4 1.3 1.3

Total 5.9 4.6 2.8 2.2 3.9

Grain 9.0 8.3 3.0 1.9 5.6
Pure crop

Straw 2.8 2.1 3.6 2.1 2.7

Total 11.8 10.4 6.6 4.0 8.3

Grain 7.2 6.3 2.3 1.6
Mean

6.8 2.0

Straw 1.9 1.5 3.0 2.0

1.7 2.5

Total 9.1 7.7 5.3 3.6

8.5 4.5

Grain Straw Total

LSD P LSD P LSD P
year 1.03 0.01 0.74 0.04 1.37 0.01
pruning 1.26 0.01 0.90 0.03 1.68 0.01
fertilizer NS 0.11 NS 0.90 NS 0.25
yearxpruning 1.78 0.03 1.27 0.05 NS 0.06
year x fertilizer NS 0.83 NS 0.29 NS 0.47
pruningxfert. NS 0.99 NS 0.39 NS 0.73
year x prun.x fert. NS 0.90 NS 0.46 NS 0.67



Table 4.3 N & P recycled in kg ha-1 by unpruned trees through litter fall
and nutrient concentration (%) in different plant parts

Note: Figures in parentheses represent nutrient concentration
of intact green leaves

3.3 Available N & P in Soil

Strong differences in available N & P content of soil were found with year (P<0.01)

and treatments (P<0.01). A significant interaction was found between treatments and year

for both N & P (Table 4.4). Initial differences in available N & P were found between plots

with trees and no trees @ure crop plots). Available N & P in pure tree plot (unpruned) were

consistently greater than in pure crop plot.
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Plant parts Dry matter N P
(kg ha')

(kg ha') % (kg ha1) %

seed 1050 50.4 4.8 3.78 0.36

pod-wall 1263 15.2 1.2 1.14 0.09

fallen leaves 2125 38.3 1.8 1.49 0.07
(73) (011'
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Table 4.4 Available N & P in soil as influenced by tree pruning and application
of fertilizer to crop

Factorial analysis of available soil N data indicated strong interaction among year,

tree pruning and crop fertilization (Table 4.5). Crop fertilization increased the soil available

N with or without leucaena trees. A rapid decline in soil available N was found with the

pure crop unfertilized treatment. Soil available N remained similar in all the years in plots

with unpruned trees and crop unfertilized.

Treatments
N (kg ha') P (kg ha')

1991 1992 1993 1991 1992 1993

Tree pruned, crop fertilized 211 219 224 28,0 29.3 37.4

Tree pruned, crop unfertilized 210 207 201 28.5 24.7 20.5

Tree unpruned, crop fertilized 210 211 224 28.9 30.7 32.0

Tree unpruned, crop unfertilized 211 209 211 28.5 26.6 23.9

Purecropfertilized 194 206 217 26.9 31.0 36.4

Pure crop unfertilized 194 175 161 26.8 22.8 20.2

Pure tree unpruned, unfertilized 208 212 224 28.0 32.8 37.4

LSD (0.05) Treatment x Year 1.36 1.37



Table 4.5 Available soil N as influenced by tree pruning and
crop fertilization in different years (kg ha')
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Factorial analysis of available soil P data indicated strong interaction among year,

tree pnrning and crop fertilization (Table 4.6). Crop fertilization increased the soil P

availability with or without trees. A rapid decline in soil available P was occurred in the

absence of crop fertilization. Unlike nitrogen, soil P declined in plots with unpruned trees

and crop unfertilized.

Treatments 1991 1992 1993 Mean

Fert. Unfert. Fert. Unfert. Fert. Unfert.

Treepruned 211.3 210.1 219.1 206.6 223.9 200.5 211.9
+ crop

Treeunpruned 209.5 210.8 211.0 209.1 223.8 210.9 212.5
+ crop

Pure
crop

194.0 194.0 206.2 174.8 216.9 160.8 191.1

Mean 204.9 205.0 212.1 196.8 221.5 190.6

205.0 204.5 206.1

LSD (0.05)

year 0.80 0.01
pruning 0.80 0.01
fertilizer 0.66 0.01
yearxpruning 1.39 0.01
yearxfertilizer 1.14 0.01
pruningxfert. 1.14 0.01
yrxprun.xfert. 1.97 0.01



Table 4.6 Available soil P as influenced by tree pruning and
crop fertilization in different years (kg ha-1)
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Treatments 1991 1992 1993 Mean

Fert. Unfert. Fert. Unfert. Fert. Unfert.

Tree pruned
+ crop

28.0 28.5 29.3 24.7 37.4 20.5 28.1

Tree unpruned
+ crop

28.9 28.5 30.7 26.6 32.5 23.9 28.5

Pure
crop

26.9 26.8 31.0 22.8 36.4 20.2 27.4

Mean 27.9 27,9 30.3 24.7 35.4 21.5

27.9 27.5 28.5

LSD (005) P
year 0.55 0.01
pruning 0.55 0.01
fertilizer 0.45 0.01
year x pruning 0.95 0.01
year x fertilizer 0.78 0.01
pruningxfert. 0.78 0.01
yrxprun.xfert. 1.35 0.01



4.0 DISCUSSION

A prolonged dry spell in 1992 reduced sorghum grain yield and nutrient uptake

drastically, thus confirming the apprehension of farming communities. Fertilizer application

increased the uptake of N & P by crop but this was not reflected in grain yield. The straw

showed high levels of N & P perhaps due to poor translocation of photosynthates to grain

due to the late season dry spell. Nutrient uptake by grain suffered in 1992, but trees made

use of the applied nutrients and dry matter yield of trees improved (see Chapter-IT).

Growing of trees and suppressing their growth by repeated pruning for fodder

production will minimize the recycling of nutrients through litter fall; since litter production

was reduced when trees were pruned. Pruning of trees favored higher uptake of N & P by

crop, but at the expense of tree litter production. Unpruned trees recycled an estimated 4.4

t ha'yr 'of organic matter to soil pool. Pruned trees did not loose their leaves during the

dry season, apparently due to frequent pruning and adequate availability of soil water during

the non-crop season (see Chapter-V). Similar results were obtained by Russo and Budowski

(1986); no leaf fall occurred when Erythrinapoeppigiana trees were pollarded three times

a year at four-months interval.

I estimated that the nutrient recycled by unpruned trees could support low to

moderate yield of crops, particularly nitrogen even without fertilizer application. Crop yield

in association with unpruned trees was low and reduced by half compared to pure crop (see

Chapter-I). Moreover, the pattern of nitrogen release should be studied thoroughly before

drawing final conclusions. Rhoades (1995) showed that half of the mineralized nitrogen
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became available during the first month of rainy season when the crop demand was small

under Faidherbia albida trees. In this context, in agroforestry systems, the normal practice

of fertilizer application at the time of crop sowing and timing of top dressing needs

validation, particularly for nitrogen, since leaching and gaseous losses are high.

Soil degradation is a major concern in the semi-arid tropics. Agroforestry systems

are considered a promising option for restoring favorable soil chemical and physical

characteristics. Improved soil fertility and crop yield was noted with recycling of prunings

in alley cropping studies in the sub-humid tropics (Kang et al., 1984; Kang et al., 1985) and

was attributed to efficient nutrient cycling by trees and addition of organic matter through

litter fall and root turnover. In the semi-arid tropics, no advantage in terms of crop yield

occurred with mulching of leucaena prunings in alley cropping studies (Singh et al., 1989;

Rao et al., 1991) but benfitted in terms of soil and water conservation (Rao et al., 1991).

In the semi-arid tropics, short-term immediate benefit through increased crop yield is unlikely

but soil fertility improvement in the long-term is imminent through N-fixation, litter fall and

fine root turnover (Palm, 1995). Mulching of leucaena prunings in semi-arid tropics is

unlikely because of greater demand for green fodder (Singh et al., 1989). In the

agrisilviculture system. pollarded trees when unpruned during cropping season are likely to

contribute to soil improvement through litter fall apart from root turnover and nitrogen

fixation, but at the expense of crop yield. There is a possibility of overcoming the loss in

crop yield through the sale of fuelwood obtained from unpruned trees.

Symbiotic N fixation could be substantial. Guevara et al. (1978) reported nitrogen

fixation by leucaena to be as high as 500 to 600 kg N ha' yr' under ideal conditions, but the
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normal range is much lower and lies between 20 and 200 kg N ha' yf' (Young, 1989b).

Apart from nitrogen fixation (not estimated), the above ground content of nutrients in

leucaena litter fall was 103 kg of N and 6.4 kg of P ha' yf' for unpruned trees. Nitrogen

recycled from leaf fall (38 kg ha' yr ') alone would nearly meet the crop N demand of the

most dryland crops. The recommended fertilization rate for cereals and millet is 40:30:0 kg

The major challenge in soil maintenance is meeting of phosphorous demand

of both trees and crops, as observed by Sanchez (1995) and Palm (1995). An agrisilvi-system

can not replace the variety of needed nutrients simply by including nitrogen fixing trees,

particularly when trees are pruned severely, and prunings are not recycled. In this scenario,

fertilizer application needs to be continued to maintain productive capacity of the soil.

The present study demonstrated that soil fertility build up by trees can be achieved

through annual pollarding and by restricting export of nutrients through crops or repeated

prunings. Phosphorous application is however essential, since Glumac et al. (1987) observed

leaf P to be positively correlated (r=0.71, P=0.002) with biomass yield of leguminous trees.

Lame and Patterson (1981) noted that P demand associated with N-fixing plants is high.

The possibility that competition for P might limit performance of both tree and crop needs

further investigation; since most tropical soils are deficient in P (Dudal, 1977). In a review

article by Palm (1995), the P contribution by most tree species suitable for agroforestry

systems did not exceed 11.0 kg ha' when prunings were applied at the rate of 4.0 t ha'. For

the present study 6.4 kg ha' of P was recycled with 4.4 t/halyr of leucaena litter. Soil

nitrogen enrichment with P application in agroforestry systems might be a possibility by

involving leguminous trees and by allowing natural foliage recycling.
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Clearly, when tree prunings and crop residues are both used as feed for livestock, the

soil will be depleted of nutrients relatively quickly and reduce productive capacity of the soil

in the long-term. Thus, the sustainabiity of this agrisilviculture system is highly questionable,

since fertilizer application is rare in this region.



5.0 CONCLUSIONS

Both sorghum straw and grain had the lowest uptake when intercropped with

unpruned trees. The highest uptake was with pure crop without trees. Fertilizer application

improved the N & P uptake by crop with or without trees. Similarly, fertilizer application

to the crop increased the soil available N & P with or without trees. In the absence of

fertilizer application soil available N & P declined with pure grain crop, while it improved

with pure unpruned trees.

Under high utilization norms for both grain and trees, use of fertilizers would be

necessary to sustain productive capacity of the soil with or without trees. A possibility of

meeting N demand of grain crop exists when intercropped with unpruned trees because of

less uptake by crop and efficient cycling of N through tree litter fall, but at the expense of

crop yield. Further, it may be possible to enhance N fixation in the long term with addition

of phosphate fertilizers. Thus, there is a need to investigate the nutrient requirements of the

agrisilviculture systems since they differ from the pure crop system and also quality of grain

(protein content) in view of higher uptake of nutrients when crop was fertilized. Other

options with fewer trees or modification of spatial arrangement of trees need to be tested to

improve the crop performance.
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CHAPTER V

Impact of Root Barriers and Shoot Pruning of Leucaena on
Resource Use in an Agrisilviculture System:

Light and Soil Water

M. Osman and W.H. Emmingham
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ABSTRACT

The study aimed at quantifying the competition for light and soil water between trees

(Leucaena leucocephala) and crops at Hyderabad, India. Leucaena trees were pollarded

annually before crop sowing and were pruned twice during the cropping season. Root

barriers were placed 0.5 m from trees to a depth of 0.6 m to mitigate competition with the

annual crop for soil water.

In plots with unpruned trees spaced at 4 x 4 m, 72%, 60% and 45% of incident

photosynthetically active radiation (PAR) was received by the crop at 2, 3 and 4 months

(near crop harvest) after pollarding. PAR was more than 90% at the same points in time for

plots with pruned trees. Dry matter and grain yield of sorghum and cowpea was found to

be roughly proportional to the amount of light received by the crop at harvest time with

pruned and unpruned trees, when compared to pure crop yield with no trees.

High soil water content was recorded near the surface (0.2 m depth) beneath

leucaena trees during cropping season. The increase was 17 and 8 mm m1 over pure crop

(50 mm m') with pruned and unpruned trees without root barriers. Tree pruning was found

more effective than the placement of root barriers for reducing the competition for soil water

between trees and crop plants. With root barriers in place, an increase in soil water content

was recorded at a depth of 0.4 m with pruned trees and at 0.2 m depth with unpruned trees.
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1.0 INTRODUCTION

Competition for light, soil water and nutrients is a major concern in agroforestry

systems (Sanchez, 1995). Crop yield reduction is common with leucaena based alley

cropping system in the semi-arid tropics compared to pure crop system. Singh et al. (1989a)

and Rao et al. (1991) attributed the reduction in crop yield to the competition for soil water

between trees and crops. In a study by Hocking and Rao (1990), pollarding of leucaena

trees helped mitigate the competition and improved the yield of intercropped sorghum.

Korwar and Radder (1994) observed increased yield of post-rainy season sorghum in alley

cropping studies in deep black soils when leucaena roots were pruned during the mid-rainy

season.

Water as a resource is especially interesting because water use is linked directly to

the survival and growth of the plants. Walker and Richards (1985) noticed a close

relationship between the amount of water transpired and biomass produced. Complementary

interactions, though reported, are far less common than competitive interactions for

agroforestry systems in the semi-arid tropics (Nair, 1990; Sanchez, 1995). Competition for

soil water between tree and crop is variable and is dependent on distribution of rainfall. At

Machakos in Kenya, competition for moisture was high in a season with low rainfall, but

a complementary interaction in the form of increased maize yield was noticed in a season

with high rainfall in a leucaena based alley cropping system on semi-arid alfisols (ICRAF,

1993).
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The crop component in agroforestry systems sometimes is thought to benefit from

association with a preestablished deep rooted woody perennial like Prosopis cineraria in

India (Shankarnarayan et al., 1987). A similar compatibility of leucaena like that of P.

cineraria with arable crops is unlikely, since it is a fast growing tree (Brewbaker et al.,

1982; Lirna, 1986; Osmanet al., 1992), comparatively shallow rooted (Singh et al.,1989b)

and has a high demand for above and below ground resources. Therefore, some form of

root pruning of leucaena without reducing leaf area may produce a positive response in the

annual crop.

Light provides the energy for the photosynthetic processes and sets the potential for

crop production (Loomis and Williams, 1963). In agroforestry, dry matter production by

each component is roughly proportional to the amount of light it intercepts (Cannell, 1993).

Ong et al. (1991) considered soil moisture alone, not light to be critical in the tropics limiting

production in alley cropping studies. Lal (1989) observed light to be limiting in the presence

of adequate soil water. Light is never distributed homogeneously in tree-crop mixtures.

Competition for light and soil water are intimately related to one another (Cannell, 1993).

A decrease in crop yield in agroforestry systems may be a response to water deficits or low

availability of light or a combination of both.

The study was formulated with two major objectives:

1. to examine the sharing of light in agrisilviculture system with and without pruning

of pollarded trees;
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2. to assess the variability in soil water content in time and space in an agrisilviculture

system in response to shoot pruning and root barriers around trees and compare it

with a pure cropping system.

To achieve the objectives, the following hypotheses were tested:

competition for light in agrisilviculture system can be reduced by pruning of leucaena

trees;

parning of trees can reduce effective use of light by trees;

straw and grain yield of sorghum and dry matter and seed yield of cowpea are

roughly proportional to the amount of light the crops intercept at harvest;

arable crops are unable to use all water stored in the soil;

trees augment soil water availability to crop plants;

soil water content is influenced more by tree pruning than by placement of root

barriers.



2.0 MATERIALS AND METHODS

2.1 Site and Climate

The study was carried out at Hayathnagar Research Farm (HRF) of Central Research

Institute for Dryland Agriculture (CRIDA), Hyderabad, India. The site is located on a lati-

tude of 17° 19' to 17° 20' N and a longitude of 78° 3 Eat an altitude of 515 m above

mean sea level. Soil is a shallow red sandy loam (alfisol) with depth ranging between 20 and

40 cm. Bulk density of the soil is 1.6 g cm3 and the available water is low, 65 mm m' of soil

depth. The total annual rainfall of the research farm is 728 mm and 70% of that is received

in less than four months (June to September).

2.2 Field Layout and Treatments
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The treatments included a perennial component - pollarded Leucaena leucocephala

(cv: K-8) trees and an annual crop - sorghum or cowpea. Two factors, tree pruning and root

barriers around the tree were imposed on pollarded trees. Treatment combinations were as

follows:

T-1 Pruned + Root barriers + Crop

T-2 Pruned + No root barriers + Crop

T-3 Unpruned + Root barriers + Crop

T-4 Unpruned + No root barriers + Crop

T-5 Pure crop, no tree



2.3 Tree and Crop Management
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Leucaena is a fast growing perennial tree and grows to a height of 6.0 m in 3 years

under the semi-arid tropical environment. The tree has excellent coppicing ability. Coppice

shoots can re-grow from 4 to 6 m in one year (Brewbaker, 1989). Leucaena trees were

planted in 1985 at 4 x 4 m spacing and were pollarded four years after planting (in 1989).

Pollarding was done at 2.0 m height. Pollarding, cutting of all the branches at 2.0 m height

was continued in subsequent years before the beginning of cropping season.

Pollarded trees were pruned twice during crop cropping season. Pruning removed

all of the branch and leaf material from the tree. Trees were pruned on 45 and 75 days after

pollarding in T-1 and T-2 treatments.

Permanent root barriers of galvanized iron sheet were placed around trees of T- 1

and T-3 treatments. Root barriers were placed 0.5 m from tree to a depth of 0.6 m by

digging a square trench of 0.3 m width and back filled with subsoil first and top soil later.

In 1991 and 1992, sorghum (CSH-6 hybrid) was intercropped followed by cowpea

(var: C-152) in 1993 and 1994. Experimental layout, tree and crop arrangement, and crops

yield are discussed in detail in chapter-I). The present study concentrated on the treatments

with crop fertilized. Sorghum and cowpea were fertilized with 40:30:0 and 10:30:0 kg ha'

of NPK, respectively. Crops were grown during the rainy season, June to September. All

measurements were made in a square net plot of 4 x 4 m with a tree at each corner. The

gross plot size was 64 m2 (8 x 8 m) Yield data of crops under pruned and unpruned trees,

with and without root barriers were computed as a proportion of pure crop yield.
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Intercropped sorghum and cowpea lost 12.5% of ground area to trees. Crop yield data were

regressed against the amount of light that reached the crop canopy at harvest time under

pruned and unpruned tree treatments taking the pure crop as control (PAR100%).

Sorghum straw and grain yield were regressed separately for 1991 and 1992 because of

differences in rainfall distribution and crop performance, while dry matter and seed yield of

cowpea were regressed using combined two year data of 1993 and 1994.

2.4 Light

Photosynthetically active radiation (PAR) was recorded using a Sunfleck Ceptometer

(Decagon Devices) having a probe length of 0.8 m. Eight PAR readings were taken in each

plot (4 x 4 m) and an average was computed for eight readings measured at an interval of

45 degrees (Appendix Fig. A.5). The observations were made on 2, 3, 4, 6, 8 and 11

months after pollarding in 1993-1994, observations recorded four months after pollarding

coincided with the crop harvest.

Further, PAR data were collected using two 1.0 m (LICOR LI- 191 SA) line quantum

sensors at 15 minute intervals for the pruned and unpruned treatments (T-2 & T-4). The

line sensors were placed close to tree across the crop rows at ground level from 1030 to

1515 hours. Observations were made during the rainy season on a sunny day when the crop

of sorghum was at the panicle initiation stage, 55 days after sowing or 75 days after

pollarding (August 14, 1991). Half of total short wave radiation recorded in "open" (no

tree and no crop) using pyranometer was taken as PAR (Waring and Schlesinger, 1985).



2.5 Soil Water

Neutron probe access tubes for use with neutron-probesoil-water- meter (Troxier

Model 3330) were installed to a depth of 1.1 m at three distances from trees (0.5, 1.0 & 1.5

m) across the crop rows in tree-containing treatments T-1 to T-4. One tube was placed in

each of three replications in the pure crop treatment (T-5). Treatments with root barriers

(T-1 & T-3) had the first access tube (0.5 m distance from tree) inside the root barriers.

Data were recorded at a soil depth interval of 0.2 m to a depth of 1.0 m for 12 months

starting from October 1991 An average was computed for months having more than one

observation. Monthly data for twelve months were analyzed statistically taking an average

of 1.0 and 1.5 m distance from tree for treatments having trees. The values of soil water

near surface (0.2 m depth) were excluded for comparison of all treatments during different

months, since soil moisture measurements were made using neutron-probe.

Soil water data of cropping season (June to September) was separately probed for

the variation in soil water content at different depths, distance from tree and for the effect

of root barriers. Soil water content of pruned (T-2), unpruned (T-4) and pure crop (T-5)

treatment at different depths (0.2, 0.4, 0.6, 0.8 & 1.0 m) was statistically compared using a

t-test (Devore and Peck, 1986).

The impact of distances from tree on soil water content was tested statistically for

treatments involving trees, taking an average of five depths for cropping season data.

Further, soil water content (SWC) within 1.75 m distance was weighted by radius to get an
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integrated value using the following equation for tree-containing treatments and data were

analyzed as 2 x 2 factorial.

SWC = ((it 0.75 m2swc05)

For assessing the impact of root barriers, crop season data (four months, three

replicates, n=12) from tubes placed in and outside of the root barriers of pruned (T-1) and

unpruned (T-3) treatments were used. Data were tested using t-test for respective soil depth

separately for pruned and unpruned treatments (Devore and Peck, 1986).

2.6 Collection of Rainfall

Rain water was collected at different distances from trees (0.0, 0.5, 1.0, 2.0 m) in

four different directions and in 'open" where no trees or crops interfered in 1992. The rain

water was collected in metallic cans of 10 cm diameter and 10 cm depth on 12 occasions

associated with rain storms. The study concentrated on light rainy events, rainfall events of

more than 20 mm were discarded because of spill-over of rain water. The 12 rainy events

were grouped into two; less and more than 10 mm based on intensity of rainfall. An average

of six events were used for each of the two rainfall intensities.

+(t 1.25 m2- 0.75 m2swc10)+(t 1.75 m2- 1.25 m2swc15)}



3.0 RESULTS

Sorghum crop performance was normal in 1991 because of adequate rainfall

distribution. A poor crop of sorghum in 1992 was due to early and late season drought (see

Chapter-I, Fig. 1.1). Low rainfall in June delayed sowing of cowpea in 1993 and 1994.

These crops did not face prolonged dry spells subsequently and the performance was normal.

This chapter discusses the crop performance in relation to light availability and sharing of soil

water between tree and crop.

3.1 Light

3.1.1 Incident PAR under Pruned and Unpruned Trees

Pruning of trees increased the availability of light essential for crop growth.

Incident photosynthetically active radiation (PAR) on 60 and 90 days after pollarding was

72% and 60% of 'open' under unpruned trees with cowpea as intercrop in 1993. On

pruned plots, incident PAR was 97% of that of open after pruning and was 90% before

pruning (Fig. V.!). Four months after pollarding, nearing harvest of the crop (3 months

after sowing at end of September), incident PAR was 90% and 45% for plots with pruned

and unpruned trees. Six months after pollarding (November), incident PAR was 87% and

37% for plots with pruned and unpruned trees. By April, the difference between plots

having pruned and unpruned trees was negligible (12%) because of leaf fall in unpruned trees

as against leaf retention with pruned trees. During the cropping season, from June to
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September PAR received was low compared to non-crop season from October to May

because of cloudy weather.

In 1991, the receipt of photosynthetically active radiation (PAR) at ground level

(beneath the sorghum canopy) on the 55th day after sowing of sorghum with pruned (20

days after pruning) and unpruned trees was 30% and 8% of the open" (1265 t mole m2 s')

(Fig. V.2). Fluctuations in PAR noted under pruned trees and in open were due to cloud

cover. In contrast, PAR was relatively uniform and very low under unpruned trees.

3.1.2 Crops Yield

At the end of cropping season, near crop harvest, intercropped plots with pruned and

unpruned trees received about 90% and 45% of PAR incident over pure crop (Table 5.1).

Straw and grain yield of sorghum was roughly proportional to the amount of light

intercepted by the crop at harvest under pruned and unpruned tree plots. A similar

relationship was noticed for cowpea dry matter yield but not for seed yield. A strong linear

relationship between crops yield and light reaching the crop canopy at harvest was noticed

for either crop, irrespective of rainfall distribution and crop performance from 1991 to 1994.

The coefficient of determination (R2) ranged between 0.77 and 0.94 irrespective of crops and

their straw/dry matter and grain/seed yield (Appendix Fig. B.!).

The positive impact of root barriers was small in improving crops yield. The increase

in straw and grain yield of sorghum with root barriers ranged from 4 to 12% over no root
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Fig. V.2 Incident PAR measured by line sensors placed close to tree, at ground
level across the crop rows of sorghum at panicle initiation stage, 75 days
after pollarding
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barriers. Similarly for cowpea, the increase in seed and dry matter yield with root barriers

was less than 8% with unpruned trees but not with pruned.

Table 5.1 Relationship between incident photosynthetically active radiation at
harvest and crop yield (% of pure crop)

Note: Average of two year data with standard error (n=6)

3.2 Soil Water

3.2.1 Relationshij Between Rainfall and Soil Water

Soil water content followed closely the rainfall pattern in all treatments (Fig. V.3).

Soil water content was the highest in October/November and was the lowest in April/May

in 1991-92. Plots with pruned trees generally had high soil water content, particularly

where root barriers were in place during the non-crop season. An analysis of monthly data

indicated lack of significant differences in soil water content among treatments except in

January 1992 (Table 5.2).

Treatments % of pure crop

Incident
PAR

Sorghum yield Cowpea yield

Straw Grain Dry matter Seed

barrier no
barrier

barrier no
barrier

barrier no
barrier

barrier no
barrier

Pruned
tree + crop

90 80±8.1 75±10.3 83±6.0 76±6.2 107±9.6 93±8.8 8 1±9.1 56±6.0

Unpruned
tree + crop

45 45±9.2 36±5.0 49±6.0 37±6.5 53±2.4 45±9.2 33±3.4 29±6.0'
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Table 5.2 Soil water content as influenced by pruning and root barriers in
different months from October 1991 to September 1992

Average of measurements made at 0.4, 0.6, 0.8 and 1.0 m soil depth

3.2.2 Soil Water Content During Crop Season

During cropping season, soil water content was observed to be more under tree plots

compared to pure crop plot (Table 5.3). Tree pruning increased the soil water content near

surface (0.2 m) marginally when compared to pure crop plot (P<0.08). A comparison of

plots with pruned and unpruned trees indicated favorable impact of pruning in increasing soil
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Months Pruned,
barrier

Pruned,
no barrier

Unpruned,
barrier

Unpruned,
no barrier

Pure
crop

LSD 0.05

October91 133.4 136.7 129.1 115.8 130.7 NS 0.429

November 125.5 132.4 119.7 99.0 116.9 NS 0.175

December 112.9 114.5 101.9 86.7 89.5 NS 0.064

January92 103.1 107.6 90.0 76.7 80.9 19.9 0.027

February 95.0 95.2 85.0 72.2 76.6 NS 0.079

March 82.1 80.0 73.2 73.3 74.5 NS 0.415

April 74.6 66.5 64.8 69.7 67.7 NS 0.477

May 73.4 63.9 62.2 67.8 70.5 NS 0.138

June 80.4 65.8 65.3 75.4 70.1 NS 0.213

July 97.3 87.2 80.2 88.1 84.3 NS 0.444

August 99.7 88.0 82.1 90.0 90.4 NS 0.536

September 104.1 110.0 92.1 95.6 94.3 NS 0.267
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water content down to a depth of 0.6 m. Pruned trees depleted more soil water from deeper

layers than from surface compared to unpruned trees (P0.01).

Table 5.3 Impact of pruning on soil water content at different depths
during cropping season, June to September

Two-tailed t-test. Treatments without root barriers.

There were no differences in soil water content with increasing distances from trees

(P>0.2). Plots with pruned trees with no root barriers had an average of 82.7, 82.7 and 84.6

mm m1 depth at 0.5, 1.0 and .5 distances from tree, respectively. The corresponding

values for unpruned trees were 82.4, 80.1 and 8L7 mm m1, respectively. A more

pronounced trend was noticed for pruned trees with root barriers. Plots with pruned trees

having root barriers had an average of 75.2, 86.8, and 95.4 mm m' depth at 0.5, LO and L5

m distances from tree. The corresponding values for plots with unpruned trees with root

Soil
depth

Pruned
T-2

Unpruned
T-4

Pure
crop T-5

Pt

(m) (n=36) (n=36) (n=2) Pruned
vs

Unpruned

Pruned
vs

pure crop

Unprunec
vs

pure croç

0.2 67.3±4.6 58.6±4.6 50.4±9.4 0.188 0.084 0.398

0.4 94.3±3.8 80.4±3.5 8L7±6.4 0.008 0.102 0.852

0.6 90.6±3.8 88i±3.0 82.6±5.5 0.614 0.279 0.365

0.8 85.6±3.5 9L5±2.0 84.9±5.6 0i50 0.922 0.166

1.0 79.0±3.9 90.0±1.9 89.9±5.7 0.013 0.152 0.987



barriers were 76.3, 77J, and 74.2 mm m' depth. No differences in soil water with regard

to tree pruning or root barriers were noted when integrated for distances from tree (Table

5.4)

Table 5.4 Integrated soil water content within 1.75 m
weighted by radius during cropping season

A comparison of soil water content in and outside of the root barriers showed

increased soil water content in cropped area on outer side of the root barriers (Table 5.5).

The impact of root barriers went to a greater depth (0.4 m) in plots with pruned trees, while

the effect was limited to 0.2 m depth with unpruned trees.

Treatments Soil water content (mm m 1)

Pruned Unpruned

Barrier 463.2 417.2

No barrier 457,4 448J

LSD(OO5) P
Pruning NS 0.28
Barrier NS 0.58
Pruningxbarrier NS 0.44



Table 5.5 Impact of root barriers on soil water content at different
soil depth during cropping season

Notes: Comparison of soil water content inside and outside of root barriers
for respective soil depth using one-tailed t-test (n=12);
root barriers were placed to a soil depth of 0.6 m
* high soil water content outside root barriers usethl to crop plants
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Soil
depth
(m)

Soil water content mm m')

'runed tree, root barriers (T- ) Unpruned tree, root barriers (T-3)

Distance from tree (m) Distance from tree (m)

inside root
barriers,
O5m

outside root
barriers

LOm

P inside root
barriers,

O.5m

outside root
barriers,

1.Om

P

0.2 45.1±8.11 69.6±8.68* 0.03 38.4±8.31 57.4±8.23* 0.06

0.4 67.3± 4.39 80.7±7.70* 0.07 80.8 ±6.69 78.3± 5.70 0.61

0.6 76.0±5.92 82.4+5.36 0.22 81.4+5.75 90.2±5.66 0,14

0.8 95.5±6J2 100.7±3.11 0.23 94.8±7.17 8L4±5.09 0.93

LO 92.2±4.79 0O.5±4.43 Oil 86.3 +4.36 77.9±6.63 0.85

Mean 75.2 86.7 76.3 77.1



3.2.3 Effect of Tree Canopy on Redistribution of Rainfall

Analysis of light rain events of less than 20 mm gave data on how tree canopies

affected distribution of rainfall. In both pruned and unpruned treatments, more rainfall was

collected close to trees than in 'open" (no crop and no tree)(Table 5.6). In pruned

treatments, the amount of rain water collected decreased with increasing distance from the

tree, irrespective of the intensity of rainfall. However, under unpruned trees, there were two

peaks, near the stem and at one meter from tree with high intensity of rainfall. Stem flow

was not measured in this study, but, visual observations indicated that it would contribute

significantly to soil water content near the tree base.

Table 5.6 Influence of pollarded leucaena tree canopy on rainfall redistribution
at different distances from tree (an average of six rain events)
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Treatments
Rainfall (mm)

Distance from tree (m)
Open

0.0 0.5 1.0 2.0

Rainfall event < 10 mm

Prunedtree+crop 7.11±2.10 6.31±1.62 5.73±1.51 5.81±1.26
6.94±0.89

Unprunedtree+crop 7.65±1.68 5.66±1.33 6.19±1.71 5.29±1.85

Rainfall event> 10 mm

Pruned tree+ crop 14.67±2.21 13.08±1.76 12.35±1.58 12.56±1.58
13.30±0.93

Unprunedtree+crop 13.88±1.04 12.92±1.37 14.71±2.23 12.71±1.33



4.0 DISCUSSION

4.1 Light

Trees in agroforestry systems add a barrier to incoming light, in addition to clouds

and atmospheric turbidity. In this study, reduced availability of photosynthetically active

radiation under unpruned trees showed the need for canopy pruning to improve the growth

of understory crops. Pruning of trees increased the availability of photosynthetically active

radiation (PAR) to the crop plants, as hypothesized, and was similar to 'open' (no tree, no

crop). Within two months after pollarding, unpruned trees intercepted 28% of incident

PAR with trees spaced at 4 x 4 m. Brewbaker (1989) observed high coppicing ability of

leucaena with regrowth of coppiced shoots from 4 to 6 meters in one year, with a major part

of tree growth (70% of total annual) during rainy season (see chapter-Il).

In terms of resource use, unpruned trees plus grain crop utilized solar radiation

efficiently. During rainy season with standing crop, only 8% of above canopy PAR reached

the ground with unpruned trees compared to 30% with pruned trees. Keating and Carberry

(1993) argued that an aim of intercropping systems with annual crops is to minimize the

proportion of radiant energy reaching the ground; and that holds for iritercropping of trees

with crops. In an agrisilviculture system, the grain crop suffers a big disadvantage with a

preestablished tree root system and tree canopy above the crop.
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Improved soil water content induced by placing root barriers around trees showed

little benefit for crops when the competition was for light. An average of two years yield

and regression analysis showed a strong proportionality between the light interception and

crops yield. Presence of root barriers improved crop yield but their impact was small. The

differences were less than 12% for sorghum straw and grain yield irrespective of root

barriers, indicating less competition for below ground resources (soi[ water and nutrients).

A high dry matter and low seed yield of cowpea in association with leucaena trees

may indicate some kind of interruption in amount of flowering and translocation of

photosynthates to the seed growth. Observed flowering and pod setting suffered as the

amount of shade increased. Lawson and Kang (1990) observed a reduction of 50% in seed

yield of cowpea when compared to pure crop in association with closely spaced hedgerows.

They attributed the reduction in seed yield to shading, since the incident light was 50% of

the open.

Root pruning in alley cropping studies found to increase the yield of post-rainy

sorghum by 33% (Korwar and Radder, 1994) compared to 12% in this study with permanent

root barriers. Similar high yield increases due to polyethylene root barriers have also been

reported from associations with Leucaena leucocephala (Singh et al., 1989b; Ong et al.,

1991). Singh et al (1989b) concluded that yield reductions in sorghum adjacent to the hedge

were mainly the consequence of competition for soil water even though shading of 85% was

recorded in rows adjacent to the hedge. The yield advantages realized in alley cropping

studies are difficult to be realized in agrisilviculture system because the trees are taller than

the hedge rows and intercept most of the incoming light.
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During cropping cycle, the competition in early stages could be considered as "two-

sided" for water and nutrients because trees were pollarded. Later it could be considered

one-sided for light; since trees have greater height and foliage area. Weiner and Thomas

(1986) concluded that early competition between seedlings was often two-sided; later on

increased size inequality resulted in one sided competition for light. According to Spitters

(1990), if trees are taller than the vegetation (hi /h2> 1) in a mixture, trees will intercept

most of the radiation if trees have an equal or greater leaf area. In a cassavalsoybean

intercropping system, light transmitted to soybean was found to be negatively correlated

with the height of cassava cultivars studied (Cenpukdee and Fukai, 1992). In the

leucaena/crop system the height and rapid leaf area development ability of leucaena

necessitates canopy pruning for promoting growth of understory crops. Pollarding and later

pruning helped in forcing two-sided competition for water and nutrients between tree and

crop rather than one sided for only light. In the absence of pruning, competition would be

mainly one sided and trees will be winners and crops would be penalized because of being

overshadowed (Cannell, 1993).

In agrisilviculture systems, the competition is typically light driven. In this study the

increases in crop yield with root barriers around trees were small compared to no barriers.

I speculate the competition for above ground resource - light in agrisilviculture systems with

closely spaced trees is stronger than for below ground resource soil water. The present

study supports the theory that dry matter production is roughly proportional to the amount

of light an annual component intercepts in tree-crop combinations (Cannell, 1993).



4.2 Soil Water

4.2.1 Rainfall and Soil Water

Drought resulting from prolonged dry spells is a common feature of the monsoon

climatic pattern in the semi-arid and arid tropics. A close relationship was observed between

soil water content and rainfall. The difference between the highest (rainy season) and the

lowest (April/May) soil water content indicated a soil storage capacity of 65 mm water per

meter depth of soil. The low water holding capacity of alfisol soils is primarily responsible

for crop failures due to prolonged dry spells during the cropping season. In contrast to

failure of grain crops in drought years, production of fodder and ftielwood can be maintained

by the trees in this agrisilviculture system but at the cost of crop yield in years with adequate

distribution of rainfall (see Chapter-I). Upon crop failure in drought years, trees can

maintain production of fodder and ftielwood because of deeper root system and capability

of drawing water from deep (Zwieniecki and Newton, 1995) as well as from surface soil

layer.

4.2.2 Soil Water Content During Non-Crop Season

The highest amount of water content in soil was recorded in October 1991, after the

harvest of annual crop in September (Fig. V. 3), since fall rains recharged the soil. Sanchez

(1995) hypothesized that annual crops are unable to use all water stored in the soil; and it

holds in the semi-arid tropics with uni-modal rainfall pattern. Lacking leucaena trees, the
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available soil water during the non-crop season would have gone to waste. A more gradual

depletion in soil water content in treatments with trees suggested the moderating effect of

trees on microclimate compared to pure crop plot. This is likely due to reduced evaporation

from the soil under tree shade which was referred to as shelter" effect by Huxley et al.

(1994). A reduction in evaporation of the order of 20 to 30% have been recorded for one

of the agroforestry systems in the semi-arid dry savannah zone (Young, 1989), however,

trees may deplete water through increased transpiration during dry periods. Rhoades (1995)

also observed greater fluctuations and less soil moisture in open sites than beneath the

canopy of Faidherbia albida trees, while maize yields were not depressed. Observations

in several intercropping systems also showed a higher moisture content in the surface soil

under intercrop than under pure crop possibly due to less exposure of soil and less

evaporation (Midmore et al., 1988; Olasantan, 1988; Ikeorgu et al., 1989).

4.2.3 Soil Water Content During Crop Season

In many studies the water holding capacity of soil was improved by growing trees

in agroforestry systems (Young, 1986; Lal, 1989; Lawson and Kang, 1990). This is

important in dry topics where the productivity is primarily limited by the availability of soil

moisture (Singh, 1989a). The increased water holding property of the soil might be due to

several complementing factors like high infiltration rate, reduced runoff, retention of finer

soil particles (Young, 1986), addition of organic matter through litter fall (Allison, 1973),

reduced evaporation from the soil under trees (Young, 1989; Huxley et al. 1994).
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In the present study, soil water content was observed to be higher under leucaena

trees than in pure crop plot, particularly near the surface. Similar observations were made

by Rhoades (1995) and Farrell (1990). They found soil moisture increases in surface soil

beneath the canopies of cropland trees in central Malawi and in semi-arid Mexico,

respectively. In Senegal, however, a study ofF. a/bk/a found improved water conditions

to a depth of 1.2 m beneath tree crowns. Below 1.2 m, soil moisture was lower under the

trees (Dancette and Poulain, 1969). They attributed these finding to reduced evaporation

under the trees affecting the upper soil and tree water uptake from the lower depths. In this

study, the increase in soil moisture content might also be due to deposition of litter at surface

during the past six years after tree planting in 1985 and reduced transpirational demand of

the crops beneath trees. In this study, an annual deposition of 4.4 t ha' of dry matter was

noted through litter fall for six year old trees (see Chapter-IV).

Rosecrance (1992) recorded more water availability in the range of 0.3 to 1.0 bar and

higher availability near soil surface by Lal (1989) in alley cropping studies. Grewal et al.

(1994) observed less runoff (4.4 % of annual rainfall) and reduced soil loss (0.3 t ha') with

silvopastoral system (L. leucocephala + Pennisetum purpureum) compared to 20.5% runoff

and 2.7 t ha1 of soil loss with traditional rainfed cropping system (sesame followed by

rapeseed). Apart from agroforestry systems, mulching and conservation tillage offer a

possibility of increases in soil moisture content, however, these are rarely practiced in the

semi-arid tropics.

A lack of strong impact of root barriers to greater depth with unpruned trees in

augmenting soil water content to crop plants might be due to a higher activity of root
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systems of unpruned trees. Schroth (1995) observed decreased root mass and length density

with intensive shoot pruning of trees during crop development phase and additional

regeneration of roots during the dry season, Another possible reason could be due to re-

routing of rainfall toward stem inside the root barriers by the large canopy of unpruned trees.

In the absence of root barriers, the water use pattern at different depths suggested that roots

of unpruned trees were active near the surface as well as at greater depths and would

compete with annual crops during prolonged dry periods to meet high transpirational

demand. With or without root barriers plots with pruned trees had high soil water content

near surface compared to unpruned. S sekabembe (1994) recorded a beneficial effect of root

barriers on poor soils with high gravel content with black locust hedgerows. The present

study demonstrated tree pruning to be more effective in reducing tree water use than the

placement of root barriers around trees on shallow alfisols. Pruning of pollarded leucaena

trees in agrisilviculture system reduced the transpiring foliage and increased soil water useful

to crop plants.



5.0 CONCLUSIONS

Pruning of trees twice during cropping season increased the availability of PAR and

also soil water useful to the crop plants. Crop yields were found to be roughly proportional

to the PAR reaching the crop canopy at harvest. A possibility of augmenting the soil water

to the crop p'ants exists during the cropping season in the long term because of continued

deposition of tree litter at surface in an agrisilviculture system. Pruning was found to be

more effective than placement of root barriers in increasing grain crop yield suggesting

strong competition for light in this agrisilviculture system. Within the agrisilviculture system,

pruning of trees twice during cropping season improved crop yield but is a 'abor intensive

practice which reduces output from trees (see Chapter-IT) and nutrient cychng (see Chapter-

IV). Therefore, there is a need for further research to optimize resource sharing by tree and

crop and for ameliorating soil through trees in the long term. This may be carried out by

optimizing pruning intensity, planting geometry, and tree density to obtain acceptab'e yie'ds

of both grain crops and tree.
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CHAPTER VI

Effect of Root and Shoot Pruning on Transpiration of
Leucaena Using Heat Pulse Technique

M. Osman and W.H. Emmingham
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ABSTRACT

Sharing of soil water between tree and crop is a major concern in management of

agroforestry systems of the semi-arid tropics. Root and shoot pruning is useful to reduce

the competition effect of trees on the crop. Transpiration of pollarded leucaena was

recorded using a heat pulse technique under different levels of canopy and root pruning to

varying depths. Transpiration declined with the removal of leaf area only after more than

half of the tree leaf area was removed. Pruning of roots by digging a square trench 50 cm

from the tree to a depth of 60 cm (30 cm wide) caused no decline in transpiration, which

continued at normal rates. The results suggested that leucaena roots penetrate deeply and

that deep roots draw on an abundant water source.

A strong relationship was detected between leaf area and photosynthetically active

radiation intercepted (PAR interceptance) by pollarded leucaena trees (R20.83). A simple

linear relationship was useful in predicting leucaena tree transpiration based on PAR

interceptance as a measure of leaf area (R=0.58, P<0.02) during the post-rainy period. This

chapter discusses ways to improve the model by combining tree leaf area and environmental

variables.
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1.0 INTRODUCTION

In the tropics, Leucaena leucocephala (Lam.) is the most popular tree species

selected for agroforestry because of its excellent coppicing ability and rapid regrowth.. It

is widely grown as a hedge or a tree. There are 13 species of the genus Leucaena in the

great family of legumes. These are native trees of the Americas, ranging originally from Peru

to Texas. The most conmion species is Leucaena leucocephala, the white-headed leucaena

(Brewbaker, 1989). L. leucocephala is a perennial tree with a bipinnate arrangement of

leaves. When mature trees are coppiced, they can regrow 4 to 6 m in height in one year

(Brewbaker, 1989). Full grown trees are pollarded for intercropping of arable crops.

Pollarded trees produce vigorous regrowth of coppice shoots that are similar to the juvenile

growth phase of saplings which in all species is more rapid than in mature or semi-mature

trees (Hocking and Rao, 1990). Leucaena is highly adapted to the semi-arid climatic

conditions and escapes drought by shedding the leaves before the beginning of the dry

summer (March - May). Leaf fall begins in December, two months after cessation of

monsoon rains. The tree produces a deep tap root system with laterals growing downwards

at a sharp angle to the tap root (Pound and Cairo, 1983). Where there is a hard pan or high

water table, a more laterally spreading root system is developed by the tree.

In semi-arid tropical regions, soil moisture limits crop production. Lopping of the

shoot and pruning of roots are the standard practices used to reduce competition from trees

for soil water. Water is transported from the soil into the roots, through the xylem, to the

leaves, and into the atmosphere under tension (Dixon, 194). Water flow in trees occurs
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through the lumen of vessels and tracheids and through the lateral pits that interconnect the

conduits (Esau, 1965). High rates of transpiration can result from an increased conductivity

or an increase in the pressure gradient. A strong relationship exists between stem hydraulic

conduction and leaf area (Ewer and Zimmerman, 1984). Conductance and stomatal aperture

respond to a variety of environmental stimuli including light, vapor pressure deficit (VPD),

soil water potential and wind (Smith and Hollinger, 1991). Transpiration rate is a function

of stomatal and xylem conduction, the driving force, VPD and water supply. Walker and

Richards (1985) observed a close linkage between plant survival, growth or biomass

production and the amount of water transpired.

Leaf area is considered one of the most sensitive and integrated measures of the

degree of stress experienced by a tree irrespective of whether the stress is abiotic (light,

water, or nutrient) or biotic (defoliation by insects, disease), and irrespective of whether the

stress is caused by deficiencies in soil or competition (Nambiar and Sands, 1993). Myers and

Talsma (1992) observed a strong dependance of transpiration on foliage mass in a non-

limiting water supply situation. Wendt et al. (1968) using honey mesquite plants noticed a

strong influence of vapor pressure deficit on transpiration. Stomatal conductance was found

to be largely controlled by quantum flux density and vapor pressure deficit for eucalyptus

plants in a non-limiting water supply situation (Dye and Olbrich, 1993).

The sap flow method can produce reasonably accurate estimates of water transpired

by a tree (Salisbury and Ross, 1991). Improvements in sap flow gauges have created an

opportunity to use these instruments to estimate transpiration in response to manipulation

of leaf area and root pruning. A direct relationship exists between water movement in the
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plant and the rate of water loss from the leaves (Torrecillas et al., 1989). Heat pulse and

heat balance techniques for measuring sap velocity have been successfully applied in both

trees and small plants (Ong et al., 1990). The development and applicability of the heat pulse

technique for measuring sap flow was discussed in detail by Swanson (1994). An average

disparity of ±10-20% was noticed between xylem sap flow and tree transpiration in a New

Zealand broad-leaved forest (Kelliher et al., 1992). Concurrent measurement of trunk sap

flow and whole tree water loss by precision weighing lysimeter showed sap flux to be within

±8% of actual water loss in pecan trees (Steinberg et al., 1990).

In agroforestry, it is important to understand the water use pattern by each

component of the system, particularly the perennial component because of its preestablished

root system and tree leaf area positioned above the crop. In hedge row intercropping studies

root barriers and root pruning techniques were employed to partition the soil water used by

trees and crops (Singh et al., 1989; Ong et al., 1991; Korwar and Radder, 1994). They

concluded that competition for water from trees was responsible for the negative interactions

commonly found between trees and crops in the semi-arid tropics.

The present study examined the impact of reducing leaf area by cutting of branches

on tree transpiration. Also, the study examined the impact of reducing root area by pruning

of lateral roots on tree transpiration. An attempt was made to test the relationship between

leaf area and tree transpiration.
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The following questions were addressed in the present study:

what is the influence of progressive shoot pruning on transpiration rate of leucaena

trees;

what is the impact of root pruning to a soil depth of 60 cm on transpiration rate of

leucaena trees;

what is the relationship between tree transpiration and environmental variables (solar

radiation and vapor pressure deficit) in a non-limiting water supply situation; and

what is the relationship between leaf area (estimated by PAR interceptance under the

tree canopy) and tree transpiration.



2.0 MATERIALS AND METHODS

2.1 Study Site

Tree transpiration measurements were made at Hayathnagar Research Farm of

Central Research Institute for Dryland Agriculture, Hyderabad, India. The research farm is

located at latitude of 17° 19' to 17° 20' N and longitude of 78° 36' E at an altitude of515

m above mean seas level. The average annual rainfall at the research farm is 728 mm, mostly

received during the southwest monsoon from June to September (Fig. VI.!). The soil type

is a shallow alfisol with low water holding capacity (65 mm m1 depth) and a high bulk

density (1.6 g cm3).

2.2 Measurement of Tree Transpiration

The seedlings of L. leucocephala (cv:K-8) were planted in 1985 at 4 x 4 m spacing.

Trees grew to a height of 7.0 m in four years. Leucaena trees were pollarded at 2.0 m

height in 1989 and every year thereafter just before the onset of the rainy season. Crops

were grown in between the rows of leucaena trees. Cowpea (var: C- 152) was intercropped

during the rainy period, July to September 1993 Details of the experimental site, layout,

tree and crop management are discussed in Chapter-i.

Tree transpiration was measured using heat pulse technique (Greenspan Technology,

Australia) in response to shoot and root pruning of leucaena during the post-rainy period

(November, 1993 to February, 1994). Measurements were made during the post rainy
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period for three reasons, first the lack of interference of crop with trees in meeting the

evaporative demand, second the trees had a fully developed canopy by the time of

transpiration measurements and third, there were less chances of a rainfall event influencing

transpiration measurements. The experiments of shoot and root pruning were repeated first

with one tree and later with two trees to confirm tree transpiration pattern irrespective of

variations in weather.

2.2.1 Shoot Pruning

Transpiration measurements were made during two time periods (experiment 1: Nov

8-27, 1993; experiment 2: Dec 27 to Jan 20, 1994). In experiment 1, an average size tree

(14.0 cm dbh) was selected having nine branches. One branch was removed on every

alternate day early in the morning. Branches were cut at 2.0 m height. In experiment 1,

two sets of probes (Appendix Fig. C.!) were installed on opposite sides of the tree at 0.7

m height above ground level to depths of 2, 7, 12, and 17 mm below the cambium. One set

of probe consisted of two sensors. Measurements were made for 2 days, i.e. the day of

cutting and the day following the cutting. Data reported correspond to the measurements

made the day following cutting.

In the experiment 2, transpiration of one pruned and one unpruned tree was

measured. One branch was cut off the pruned tree on each alternate day as in experiment

1. In experiment 2, one set of probes was installed on the pruned tree and one on the

unpruned tree to a depth of 2 and 7 mm below the cambium.



2.2.2 Root Pruning

A second set of experiments was designed to test the effect of root pruning on

leucaena transpiration to help understand the lack of impact of root barriers on crop yield.

In the root pruning experiment, transpiration measurements were made during two time

periods (experiment 3, Nov. 28 to Dec. 15, 1993 and experiment 4, Jan 25 to Feb. 6, 1994).

In experiment 3, a tree of 15.5 cm dbh was selected. The probes were installed as described

above for experiment 1. Transpiration was monitored for two days without watering. After

two days, 100 mm water was impounded in the 16 m2 area surrounding the tree. The water

was absorbed by the soil the same day. Two days later, a square trench (30 cm wide and 50

cm away from tree) was dug out to a depth of 15 cm. The moist soil was spread evenly on

the surface surrounding tree outside the trench. The area around the tree was mulched with

rice husk and was covered by tarpaulin to reduce soil water loss through evaporation.

Later, the trench was deepened by 15 cm on each alternate day to a depth of 60 cm and the

lateral roots were severed. During experiment 3, a rainfall of 39 mm was received after

digging the trench to a depth of 30 cm in the first week of December.

In experiment 4, measurements were repeated with two trees; one tree with root

pruning as in experiment 3 and one tree intact. The trees selected for experiment 4 were

watered every alternate day for one month period to activate the surface root system of

leucaena trees before applying the root pruning treatment. The probes were installed as

described above in experiment 2.
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2.3 Leaf Area Estimate

In a preliminary study, a simple linear relationship was established between leaf area

and leaf dry weight to estimate leaf area of pruned branches prior to the shoot pruning

experiment. The leaf area was determined using a leaf area meter (LICOR-LI 3100) and dry

weight after drying to constant weight at 65 °C. The following model (R2=0.95, n17,

P 0.01) was employed to estimate the leaf area of individual branches based on leaf dry

weight.

y=277.12+81.11*x Eq.1

where: y = leaf area (cm2)

x = leaf dry weight (g)

The tree in experiment 1 had a total leaf area of 48.0 m2 compared to 20 m2 in the

experiment 2. Leaf fall occurred after the experiment 1 in December. The leaf area index

was estimated as a ratio between the sum of leaf area of all pruned branches to the ground

area occupied by the tree (16 m2 when planted at a spacing of 4 x 4 m).

In another preliminary study, a relationship was quantified between leaf area and the

fraction of photosynthetically active radiation intercepted by leucaena canopy

(interceptance). Photosynthetically active radiation was measured with a sunfleck ceptometer

(Decagon SF-80) with all 80 sensors functional. Before cutting of the branches, 12

observations of PAR (Qt) below the tree canopy at 30° angle intervals around tree stem and

8 incident PAR (Qo) values in the "open" were used to calculate the canopy transmittance

(QtJQo). The interceptance was calculated as unity minus the mean transmittance (Law and
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Waring, 1994). The leaf area of pruned branch was determined using Eq. 1. A strong

relationship was noticed between interceptance and leaf area for leucaena tree (R2=O.83,

P<O.O1, n=9) (Appendix Fig. C.2).

y=O1113+O.01567*x Eq.2

where: y = interceptance

x = leaf area (m2)

2.4 Transpiration Estimate Based on Leaf Area as a Function of PAR
Interceptance

I developed a prediction equation for transpiration based on leaf area determined as

a frmnction of fraction of photosynthetically active radiation intercepted (interceptance) by

leucaena canopy, using the data set of shoot pruning experiment 2 (R20.58, n=9, P<O.02).

y1.911+27.345*x Eq.3

where: y = Transpiration (L d-')

x = interceptance

The model performance was tested by taking the transpiration data from shoot

pruning experiment 1 and comparing it with transpiration computed by Eq. 3 The values

of interceptance for experiment 1 were determined using Eq.2.
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2. Relationship Between Transpiration and Solar Radiation I Vapor
Pressure Deficit

Climatic data was gathered from the meteorological observatory of the research

farm. Hourly transpiration and solar radiation data for Nov 11, 1993 (Experiment 1) was

classified in three intervals: 0600 hours (sunrise) to 1200 hours (noon), 1200 hours to 1800

hours (sunset) and after sunset till the transpiration stopped (2000 hours).

Using the data of experiment 3, relationship between transpiration and vapor

pressure deficit, transpiration and solar radiation was tested on daily bases. Actual vapor

pressure (AVP) was calculated using measurements of air temperature and relative humidity.

Saturation vapor pressure (SVP) values were determined using the technical circular 3 of

Indian Meteorological Department, Poona, India. Vapor pressure deficit was estimated as

a difference between SVP and AVP.



3.0 RESULTS

3.1 Effect of Shoot Pruning on Tree Transpiration

Results of shoot pruning experiment 1 are plotted in Fig. VL2. There was little

change in transpiration pattern up to removal of five branches from a pollarded leucaena

tree having a total of nine branches. The removal of five branches resulted in a decline of

LAT from 3.01 to 1.69 (i.e., leaf area decreased from 48.1 m2 to 27.0 m2). Cutting of 6th

and 7th branch led to a decline in transpiration. LAT dropped from 1.69 to 0.9. A steep fall

in transpiration was noticed with removal of the last two branches. The decrease in tree

transpiration with the removal of leaf area followed a nonlinear trend.

In the second experiment, the pruned tree had a marginal increase in transpiration

with the removal of first branch as compared to unpruned tree (Fig. YI.2). As in

experiment 1, a steady marked decline in transpiration occurred when 4 or fewer branches

remained.

Taking the results of this study and extrapolating, rough water use estimates for

leucaena plantations can be estimated using the following equation, as suggested by

Vrecenak and Herrington (1984):

Water use = ground area (m2) x LAT x water loss rate (liters m2 day')

On a hectare basis, i.e. ground area 10000 m2, LAT 3.0 (leaf area 48 m2, ground area 16 m2

tree') and water loss rate 0.42 liters per ni of leaf area based on an average transpiration

of 20 liters per day for tree having leaf area of 48 m2, the estimated transpiration loss was
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12600 liters ha1 or 12600 kg ha1 or 1.26mm dar' ha:' for 625 leucaena trees spaced 4 m

x 4 m apart.

3.2 Effect of Root Pruning on Tree Transpiration

Results of root pruning experiments 3 & 4 indicated no change in transpiration

pattern with progressive cutting of roots 50 cm from the tree to a depth of 60 cm (Fig.

VI.3). The impact of adding 100 mm of water on tree transpiration was small. A similar

pattern of transpiration with two trees in the experiment 4 (roots pruned and roots

unpruned) supported the findings of experiment 3. Although the two trees in experiment 4

had different transpiration rates on a daily bases, the relative amounts did not change with

root pruning.

3.3 Relationship Between Transpiration and Leaf Area based on
PAR Interceptance

Among various simple models tested for the relationship between transpiration and

leaf area (measured as a function of photosynthetically active radiation intercepted =

interceptance), a linear model had the best fit (R2=0.58, n=9, P<0.02) based on data of

experiment 2 (Eq. 3).

y1.911+27.345*x Eq.3

where: y = Transpiration (L d')

x = interceptance
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The model was tested by taking the data of experiment 1 of shoot pruning, it showed

an average deviation of 20% of the actual transpiration (Table 6.1). The model

overestimated transpiration at beginning and end of the experiment.

Table 6.1 Model performance, prediction of transpiration based on
interceptance as a measure of leaf area

Note: Figures in parentheses over (+) and under (-) estimate of transpiration
Data of shoot pruning experiment 1, Crown diameter 3.5 m

Day No. of
Intact

Branches

Leaf
area
(m2)

Radiation
(Mj m2 d')

Interce-
ptance

Transpiration in literM
per day

Actual linear
model

Nov9 9 48.1 19.4 0.865 20.9 25.6
(+22.5%)

Nov11 8 44.6 12.1 0.810 18.7 24.1
(+28.9%)

Nov 13 7 39.5 15.6 0.730 20.5 21.9
(+6.8%)

Nov 15 6 34.5 18.9 0.652 22.1 19.7

(+ 10.9%)

Nov 17 5 27.0 19.6 0.534 23.6 16.5
(-30.1%)

Nov19 4 21.4 19.9 0.447 17.2 14.1
(-18.0%)

Nov21 3 13.9 17.6 0.329 14.2 10.9
(-23.2%)

Nov23 2 10.8 19.4 0.281 12.6 9.6
(-23.8%)

t'4ov25 1 4.9 21.4 0.188 6.1 7.1

(+ 16.4%)



3.4 Relationship Between Transpiration and Solar Radiation / Vapor
Pressure Deficit

Transpiration followed the solar radiation pattern more closely during the morning

till noon period than in evening (Fig. VI.4). Transpiration continued at a higher rate till

1500 hours, although there was a reduction of incoming radiation. Transpiration continued

even after the sunset (1800 hours), but at a negligible rate and ceased around 2000 hours.

A comparison of daily sapflow in forenoon and afternoon showed that 47% of the

total sapflow occurred from 06 to 12 hours in the forenoon compared to 50% in afternoon

(12 to 18 hours). The balance of 3% was observed after the sunset from 1800 hours to 2000

hours.

The simple relationships between daily transpiration and solar radiation, daily

transpiration and vapor pressure deficit were nonlinear. R2 values improved with nonlinear

model compared to linear. Both the environmental variables, solar radiation and vapor

pressure deficit had the strong relationship with tree transpiration (R20.92, P<0.01, n17)

(data from experiment 3) (Fig. VI.5).

y = 0.154 * (x1702) Eq. 4

where: y = transpiration (L day')

x = solar radiation (MJ m2 day1)

y = 22.874 * (x''62) Eq. 5

where: y = transpiration (L day')

x = vapor pressure deficit (K Pa)
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Multiple regression taking log transformed values of solar radiation and VPD gave

a suitable model for predicting transpiration in a non-limiting situation of water supply

(R2 =0.93, P<O.O1, n=17). Since, data set was small and confined to post-rainy period, there

is a need to improve the model further by taking transpiration measurements during different

seasons.

y-15.638-5.351(logxl)+11.439(logx2) Eq.6

where: y = transpiration (L day')

xl = vapor pressure deficit (K Pa)

x2 = solar radiation (MJ m2 day')



4.0 DISCUSSION

4.1 Effect of Shoot Pruning on Tree Transpiration

Removal of nearly 50% leaf area did not result in a proportional reduction of water

loss through transpiration by trees. Transpiration was maintained at nearly the normal rate

of a full canopy. Similar results have been reported for eucalyptus forests of western

Australia (Greenwood and Beresford, 1979). With a reduction of canopy cover to less than

10% of the original leaf area, transpiration was maintained at nearly half of the rate of a

complete canopy.

The increase in transpiration rate observed after one branch was removed might be

due to higher exposure of leaves to solar radiation and lowering of the boundary layer

resistance. Leucaena trees possess bipinnate leaves having small leaflets that offer low

boundary layer resistance and high convective heat transfer (Salisbury and Ross, 1991).

Pollarded leucaena trees produced multiple branches within 2.0 meters of tree stem near the

cut surface. The branches grew radiating from the main stem outwards and upwards at angle

of 15 to 60° from vertical. Leaf area index of more than two and pollarding of trees

increased the chances of overlapping of branches and mutual shading of leaves. Kitano and

Eguchi (1989) observed no change in transpiration with excision of one leaf even in a small

cucumber plant having ten leaves. Moreover, hardwoods are efficient in conducting water

because of large diameter vessels with fewer restrictions to water flow between cells than

tracheids found in conifers (Waring and Schlesinger, 1985).
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Theoretically shoot pruning would benefit the crop plants by allowing more solar

radiation reach the grain crop and reducing water use. Light pruning may not, however,

decrease the uptake of water by trees. Crop plants may, however, make better use of

available water with increased availability of solar radiation. This might result in greater

water and solar use efficiency.

Leucaena, is classed as an evergreen tree in its native range (NAS, 1977), but it

behaves like a deciduous tree in semi-arid climatic conditions, perhaps in response to

insufficient soil water availability. Leaf fall was noticed from December onwards. Good

survival of leucaena trees in the semi-arid regions seemed to be due to shedding of leaves

by the plants which mitigates evaporative demand. No mortality of leucaena trees was

recorded in 1993 and trees survived through a severe dry period of 150 days from January

to May (Fig. VI.!). Kavanagh (1993) observed cavitation to affect the survival of evergreen

western hemlock seedlings as a result of high evaporative demand and reduced supply of

water. Leucaena's capability of shedding leaves may well allow it to avoid cavitation and

survive prolonged dry periods.

4.2 Effect of Root Pruning on Tree Transpiration

The results suggested root pruning of established eight year old trees to a depth of

60 cm did not affect transpiration. Water uptake by trees with a detached surface root

system matched the evaporative demand. Similar results were reported by Ong and Khan

(1993) with cutting of lateral roots. The results demonstrated that the leucaena root system
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penetrates to a greater depth and can draw water from deeper soil layers, beyond the access

of most crop plants.

Studies of the root systems of trees suitable for agroforestry systems have indicated

that roots are concentrated in the upper surface (Singh et al., 1989; Kessler and Breman,

1991) but fewer attempts were made to study the contribution of deep tap roots (Wang et

al., 1995). In earlier studies on the same site, leucaena roots were traced to a depth of 2.5

m in semi-weathered granite rock, suggesting a sizeable water uptake by deeper roots. On

sites with shallow soils, Zwieneicki and Newton (1995) observed plants can draw soil water

from bedrock in semi-arid Mediterranean climatic conditions, while Jones and Graham

(1993) recorded an availability of 12-14% water on volume basis in weathered granite rock.

This has great relevance in agroforestry systems, since crops are cultivated during

wet rainy season in dry tropics, particularly in shallow red soils (alfisol). Singh et al. (1989)

and Ong et al. (1991) observed no adverse effect of root barriers on leucaena hedge rows

and a positive influence on the growth of crops due to increased availability of soil moisture

near surface in alfisols. Root pruning and root barriers reduced the competition from trees

for soil water at surface and increased crop growth. Most trees possess both shallow

horizontal and deep vertical roots (Commerford et al., 1984; Eastham et al., 1990); and fine

roots are most abundant in the uppermost layer of soil (Santantonio, 1982). An advantage

in agroforestry systems with root pruning seems to result from restricting access of tree

roots to soil water present in the surface layers during the crop period, while retaining access

to an adequate supply of soil water via deep roots.
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Cannon (1924), Commerford et al. (1984), and Eastham et al. (1990) observed

different functions of shallow and deep root systems. Shallow root systems function as

absorbers during rainy periods, while deeper roots become active as the surface soil dries

out. In another study, leucaena trees maintained their growth and yield with permanent

metallic root barriers placed 50 cm from the tree to a depth of 60 cm (see Chapter-Il). The

results showed that leucaena trees can meet transpirational demand and continue to grow

even after the surface roots are detached.

If water is available in deeper layers in the post-rainy season, then it may be

presumed to be present during the monsoon crop season. Yadav and Khanna (1992)

observed a positive impact of root pruning on the crop of mustard when intercropped with

a well known deep-rooted Prosopis cineraria trees. They observed lateral root growth of

P. cineraria trees in response to loosening of soil by plowing for crop seeding. In this

context, cutting of lateral roots near the soil surface holds promise for keeping leucaena

roots away from the surface soil during the cropping period.

4.3 Relationship Between Transpiration and Leaf Area based on
PAR Interceptance

The results clearly demonstrated that total amount of water transpired on a daily

bases is strongly influenced by plant leaf area within a brief study period. Thus, there is a

possibility of predicting tree transpiration based on leaf area in situations of unlimited water

supply and in a relatively stable climatic conditions. Ewer and Zimmerman (1984) noticed

a strong relationship between stem hydraulic conductivity and leaf area. Allen and Grime
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(1995) observed a strong dependance of transpiration on leaf area for Guiera senegalensis

bushes that occupied 19% of the land surface. Myers and Talsma (1992) observed a strong

dependance of transpiration on foliage mass in non-water limited stands of Pinus radiata.

A number of researchers (Kanemasu et al., 1976; Tanner and Jury, 1976; Rosenthal et al.,

1977) have used leaf area index along with microclimatic and soil factors to predict

evapotranspiration and br transpiration using only leaf area index for maize (A1-Khaisi et

al., 1989). Apart from leaf area, total amount of water transpired is dependent upon the

driving force, vapor pressure deficit (\TPD) in situations of unlimited water supply. A similar

observation was made in the present study. Both solar radiation and vapor pressure deficit

were found to be strongly related with tree transpiration on daily bases (P<0.01, R20.92,

n=17). A strong correlation was noticed between solar radiation and vapor pressure deficit

(r0.88, n=17). In many studies vapor pressure deficit was found to be a better indicator

of transpiration than other environmental factors like solar radiation, ambient air

temperature, humidity and wind velocity (Wendt et al., 1968, Kitano et al., 1990; Dye and

Olbrich, 1993).

Change in leaf area is common with pruning or lopping of trees in agroforestry

systems involving fruit and fodder trees. This necessitates repeated measurements of leaf

area which is easier to estimate via light interceptance. Apart from light interceptance, it is

now possible to estimate LAI using cross-sectional area of sap wood (Waring et al., 1982),

digital videography (Law, 1995), litter fall for deciduous trees (Maass et al., 1995), image

analysis (Ansley et al., 1992), or fish eye photographs. These values of leaf area can b.e
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correlated with transpiration estimates obtained with sapflow gauges for a variety of soil

moisture and climatic conditions.

An improvement in the model to predict tree evaporation is possible by coupling key

factors like plant (leaf area), soil (soil water content) and evaporative demand (VPD). The

component of soil evaporation can be eliminated by applying water to the sub-surface root

zone. The model could be useful in scheduling irrigation and meeting of precise demand of

water by plants to enhance water use efficiency. However, other physiological and soil

parameters can be tested for their inclusion in the model. I think, a simple approach with

few variables holds promise, compared to complex models which have little applied values

for agroforesters.

4.4 Relationship Between T ans s iration and Solar R. di. tion

Transpiration followed the radiation pattern more precisely in the morning till noon

period (Fig. VI.4). In contrast to the present study, Kelliher et al. (1992) observed a lag of

1-2 hours in the morning between sap flow and estimated tree canopy transpiration (total

evaporation minus forest floor evaporation). This lag was attributed to many epiphytic

mosses and lichens present in the tree canopy, and evaporation from these plants, and also

dew fall and its subsequent evaporation before transpiration began in the early morning. A

lack of lag in the present study between transpiration and availability of light is likely due to

the absence of dew fall and epiphytic plants. The transpiration pattern suggested solar
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radiation to be main regulating factor in the morning. Similar results were obtained by

Chamont et al. (1995) in a study of stomatal behavior in cucumber plants.

In the after noon, transpiration was maintained at an high rate even with reduction

of solar radiation. The high transpiration rate was attributed to the high evaporative demand

of warm air capable of holding more moisture (Salisbury and Ross, 1991) and sufficient

availability of soil water. Chamont et al. (1995) observed stomatal behavior during the day

to be more sensitive to vapor pressure deficit when this was accompanied by a rapid

decrease in solar radiation. Moreover, this site received more rainfall than normal during

rainy period in 1993 suggesting a high supply of water.

Continuation of transpiration after sunset might be due to storage effect, high

evaporative demand, non-restricted supply of soil water and non-closure of stomata.

Edwards and Warwick (1984) observed a transpiration lag of half an hour after sunset

compared to two hours in the present study. They attributed the lag between the

evaporative demand and sap flow in kiwi fruit to a storage effect between the site of stem

flux measurement and the leaves. Steinberg et al. (1989) observed a continuation of sapflow

in pecan trees till the early morning and no lag between trunk sap flow and canopy

transpiration. Anderson and Brodbeck (1988), Steingberg et al. (1990) found little evidence

of stomatal closure in pecan trees during conditions of high evaporative demand and midday

leaf water potential depression to -2.0 M Pa. In small leucaena trees when pollarded at 2.0

m height, water storage would be negligible as compared to large conifers growing to a

height of 100 m (Waring and Running, 1978). Moreover, measurement of sap flow was
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made at mid-height of the pollarded leucaena tree. Koestner et al. (1992) observed a

minimal use of stored water in a pristine broad-leaved forest in New Zealand.

The results showed leucaena to be very efficient in meeting the evaporative demand

in situations of unlimited water supply and it may continue to photosynthesize at higher

rates. A concurrent measurement of stomatal behavior and sap flow may give a better

understanding of influence of environmental variables on hydraulic conduction.



5.0 CONCLUSIONS

The study suggested that light shoot pruning or removal of fewer shoots may not

reduce water uptake by leucaena trees but might benefit the crop plants by increasing the

availability of solar radiation.

A lack of negative impact of root pruning to a depth of 60 cm on transpiration

suggests that leucaena can meet evaporative demand without a surface root system.

A good relationship exists between tree transpiration and environmental variables in

situations of non-limited water supply.

Frequent estimation of leaf area is possible with PAR interceptance. The estimate

of transpiration using sap flow gauges, leaf area based on PAR interceptance for individual

tree crowns and environmental variables (vapor pressure deficit and solar radiation) can be

an effective tool to develop transpiration prediction models. Once tree transpirational

demand is known, it might be possible to apply required amount of water through sub-

surface irrigation and avoid losses through deep drainage and direct evaporation from soil.
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Crop production in the semi-arid tropics in general and on shallow alfisol soils in

particular results in low, unpredictable and often uneconomic yields. To meet the growing

population demand of both humans and livestock, more and more marginal and sub-marginal

lands are brought under cultivation. A tree and crop system might be the most appropriate

for meeting the multiple needs of food, fodder, and fuel on a sustained basis. Intercropping

of fast growing woody perennials with annual crops, termed agrisilviculture, holds promise

but the tree decreased crop yields drastically due to a preestablished root system and canopy

above the crop.

This study was designed to investigate an agrisilviculture system composed of

pollarded Luecaena leucocephala trees and annual crops sorghum or cowpea. It focused on

manipulation of tree canopy and root system of leucaena trees (with and without application

of fertilizer to crop) to reduce the competition between trees and crops and to ensure

efficient resource use.

Pruning ofpollarded trees during the cropping season was the most effective practice

for maintaining a reasonable level of sorghum grain production at about 75% of the pure

cropping system. Within the agrisilviculture system, permanent root barriers increased

sorghum grain marginally, less than 10% over no barriers. The practice of shoot pruning

does not, however, hold great promise for sustaining long term productive capacity of the

soil when pruned material is used as fodder. Clearly, when pruned material is not recycled,

the soil might be depleted of nutrients relatively quickly, thus making the system highly

unsustainable, and may negate the advantage of trees bringing the nutrients from deep in the
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soil profile. An agrisiviculture system with nitrogen fixing leucaena trees may not replace

the variety of nutrients required for maintaining production (e.g. phosphorous), but might

supply some of the nitrogen needed by the crop. This might result in N economy but at the

cost of crop yield and low uptake of other nutrients. Unpruned trees recycled a quantity of

nitrogen sufficient for grain crop production through litter fall but reduced the crop yield

severely.

The present study demonstrated that pollarded-unpruned leucaena-based

agrisilviculture is economically feasible and biologically possible, but greatly reduces crop

yield. This system may not be socially acceptable, since the demand for food is high

compared to fodder or fiielwood in the densely populated semi-arid tropics. This is an

example of low input, sustainable agriculture, since the long-term advantage is expected with

unpruned management of pollarded leucaena trees with the sacrifice of short term benefit of

higher grain yield. Continued deposition of litter near surface, apart from nutrient cycling,

has an additional advantage of improvement in soil properties resulting in increased soil

water content beneath trees during the cropping season.

Therefore, the adaptability of the system depends upon the objective of the farming

system. Agrisilviculture may not be an attractive proposition for a farmer purely interested

in food grain production. This may be an option for a farmer who is interested in a

reasonable income and diversification, since loss in crop yield can be overcome with

marketing of fijelwood from unpruned trees. There is a possibility of combining

agrisilviculture with animal husbandry or meeting household energy needs but at the

expense of crops yield. One management option could be elimination of pruning in years
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when rainfall is inconsistent, and grain crop failure is imminent. This would allow tree limbs

to grow, flower and fruit. During years when rainfall is favorable for the grain crop, pruning

can be continued. Other alternative is block planting or field boundary planting where trees

and crops are separated. In this case the farmer still has the advantage of high production

potential of unpruned leucaena trees.

In view of the above, consideration should be given to management of trees to make

the agrisilviculture system socially acceptable, possibly through reduced tree density,

shortening the gap between pollarding and sowing and proper selection of a suitable crop

like sorghum instead of cowpea. Based on the results of the study, I developed the

following research needs aimed at optimizing production by tree and crop:

Test pruning of trees once coinciding with the critical stage of crop growth rather

than at fixed intervals.

Investigate intensity, timing, and manner of pruning and training of coppice shoots

to prevent lateral spread.

Determine tree density and planting patterns like paired row or cluster.

Identify suitable crops or crop varieties tolerant to shade.

Develop economical fertilizer doses and timing of application to meet the demand

of crops and trees.

Investigate other farming systems like tree-crop rotation, field boundary planting and

their acceptability by the farming community v/s a v/s agrisilviculture.
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Block III

T-1O

T-1 1

T-11 T1O T- 11 T-1O

+
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T-6 T-1 T-9

T-7 T-3 T-5

T-3 T-4 T-2

T-3 T8 T-2

T-5 T-6 T-4

T-9 11 T-7

T3 T-L.. T-5

T-1 T-8 T-2

T-6 T-7 T.-9

Block II Block I

T-1 Pruned, Fertilizer, Barrier + Crop

T-2 Pruned, Fertilizer, No barrier + Crop

T-3 Pruned, No fertilizer, Barrier + Crop

T-4 Pruned, No fertilizer, No barrier + Crop

T-5 Unpruned, Fertilizer, Barrier + Crop

T-6 Unpruned, Fertilizer, No barrier + Crop

T-7 Unpruned, No fertilizer, Barrier + Crop

T-8 Unpruned, No fertilizer, No barrier + Crop

T-9 Sole tree, Unpruned, No fertilizer + No crop

T-1O Sole crop, Fertilizer + No tree

T-1 1 Sole crop, No fertilizer + No tree

Fig. A.! Field layout of the experiment
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Fig. B.1 Relationship between crops yield and per cent of PAR reaching the crop
canopy at harvest



Si S2
,Th tTh

\-1

4 90

80

All dimensions in mm.

S3 = Sensor Pair 3
S4 = Sensor Pair 4

S3 S4
-\ tTh

Probe i

Heater

Probe 2

SPro e

Fig. C.1 An overview of the heat pulse velocity instrument

204

Probe 3

Heater
Pibè

Probe 4

80

4 9cJ

SI = Sensor Pair 1
S2 = Sensor Pair 2



0.54

0.44

0

0.34

0.24

0.14

y Lnterceptance
x leaf area (m2)

(p2O83 n=9, p<O.Ol)

Leaf area (m2)

Fig. C.2 Relationship between leaf area and PAR interceptance

205

0 4 8 12 16 20 24



Table A.! Effect of pruning, root barriers and application of fertilizer on leaf
area index of sorghum
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Treatments

Days after sowing

1991 1992

30 45 60 90 30 45 60 90

1 Pruned, fert., bar .57 2.20 1.84 1.14 .34 1.84 2.23 .98

2 Prun, fert.,
no barrier

.56 1.80 1.36 1.06 .31 1.53 1.72 .86

3 Prun, no fert.,
bar.

.74 1.83 1.56 1.07 .31 1.43 1.70 1.22

4 Prun, no fert.,
no barrier

.64 1.47 1.42 0.81 .24 1.05 1.31 0.96

5 Unprun, fert.,
bar.

.54 1.83 1.57 0.91 .05 0.41 1.31 1.02

6 Unprun, fert.,
no barrier

.55 0.86 1.09 0.58 .08 0.65 1.26 0.92

7 Unpruned,
no fert., bar.

.70 1.29 1.58 0.78 .13 0.52 1.23 0.80

8 Unpruned,
no fert., no bar.

.31 0.90 1.16 0.56 .10 0.47 1.26 0.73

9 Pure tree

lOPurecrop, fert. .63 1.27 1.31 0.62 .27 1.20 2.00 1.01

liPurecrop,
no fert.

.47 0.69 0.85 0.75 .18 1.04 1.49 1.20

SE .16 .28 .18 .23 .16 .45 .29 .14

LSD (005) NS .58 .38 NS NS NS .61 NS



Table A.2 ANOVA of leaf area (cm2) of sorghum and partitioning of TSS into
single df.
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Source of variation df 1991 1992

MS F P MS F P

Block 2 31073 0.48 0.63 112419 0.66 0.52

Treatments 9 419818 6.43 0.00 414478 2.43 0.05

Pruning 1 1236447 18.95 0.00 3062418 17.92 0.00

Fertilization 1 306264 4.69 0.04 191763 1.12 0.30

Barriers 1 939282 14.39 0.00 51421 0.30 0.59

Prun.*fert. 1 8147 0.13 0.72 140500 0.82 0.37

Prun. * bar. 1 73325 1.12 0.30 162608 0.95 0.34

Fert. * bar. 1 80718 1.24 0.28 28174 0.16 0.69

Prun * fert. * bar. 1 64603 0.99 0.33 9516 0.06 0.82

Intercrop vs pure crop 1 790010 12.11 0.00 57882 0.34 0.57

Pure crop fert. vs
pure crop not fert.

1 279508 4.28 0.05 26255 0.15 0.70

Error 18 65262 170866
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Table A.3 Effect of pruning, root barriers and application of fertilizer on leaf area
index of cowpea

Treatments

Days after sowing

1993 1994

30 45 60 90 30 45 60 90

1 Pruned,fertilizer,
barrier

.33 1.70 1.97 1.47 .27 2.24 1.66 1.20

2 Prun,fert., no bar. .28 1.46 1.66 1.23 .27 1.34 1.46 1.19

3 Prun,no fert., bar. .26 1.41 1.58 0.80 .26 0.97 1.37 1.04

4 Pruned, no fert.,
no barrier

.18 0.77 1.29 0.70 .30 1.07 1.22 0.84

5 Unprun, fert.,bar. .30 1.00 1.32 0.58 .28 1.53 1.04 0.68

6 Unpruned, fert.,
no barrier

.28 1.27 1.20 0.66 .25 1.65 1.02 0.64

7 Unpruned, no
fert., barrier.

.24 0.69 1.16 0.70 .22 0.94 0.92 0.62

8 Unpruned, no
fert., no barrier

.17 1.10 1.18 0.62 .27 1.16 0.89 0.62

9 Pure tree

l0Purecrop,fert. .27 1.45 2.25 .94 .27 1.71 1.50 1.32

llPurecrop,no
fert.

.23 1.27 1.47 .67 .22 0.98 1.38 1.05

SE .11 .24 .55 .50 .06 .31 .37 .23

LSD (0.05) NS .51 NS NS NS .66 NS .49



Table A.4 ANOVA of leaf area (cm2) of cowpea and partitioning of TSS into
single df.
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Source of variation df 1993 1994

MS F P MS F P

Block 2 730326 14.59 0.00 84644 1.03 0.38

Treatments 9 173972 348 0.01 301146 3.65 0.01

Pruning 1 347788 6.95 0.02 26663 0.32 0.58

Fertilization 1 453074 9.05 0.01 1446488 17.52 0.00

Barriers 1 515276 10.30 0.01 44433 0.54 0.47

Prun. * fert. 1 50283 1.00 0.33 44089 0.53 0.48

Pi-un * bar. 1 7894 0.16 0.69 281380 3.41 0.08

Fert. * bar. 1 59419 1.19 0.29 255429 3.09 0.10

Prun. * fert. * bar. 1 13518 0.27 0.61 173047 2.10 0.17

Intercrop vs pure crop 1 90758 181 0.20 821 0.01 0.92

Purecropfert.vs
Pure crop not fert.

1 27740 0.55 0.47 437941 5.30 0.03

Error 18 50047 82560
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Table A.5 Above ground production of dry matter (g pr1) by sorghum at different
days after sowing

Treatments
Days after sowing

1991

30
1

45 60 90 30 45

1992

60 90

1 Pruned, fertilizer
barrier

2.2 15.9 41.3 64.3 1.4 13.6 32.5 42.0

2 Prun,fert., no bar. 2.3 15.1 26.9 53.2 1.4 8.9 21.8 30.9

3 Prun, no fert.,bar. 2.8 13.1 36.4 58.8 1.2 8.0 20.9 38.8

4 Prun, no fert.,
no bar.

2.5 12.0 28.1 45.4 1.1 5.6 18.9 31.1

5 Unprun, fert.,bar. 1.9 11.7 34.9 34.2 0.4 1.9 13.7 26.4

6 Unprun, fert.,
no bar.

2.0 4.9 17.3 22.7 0.4 2.9 12.9 22.0

7 Unprun, no fert.,
bar.

2.8 8.2 22.4 31.1 0.5 2.4 12.6 20.6

8 Unprun, no fert.,
no bar.

1.3 4.9 17.4 20.0 0.5 2.5 12.7 18.7

9 Pure tree

10 Pure crop, fert. 2.8 9.9 42.6 53.4 1.4 6.6 31.7 41.9

11 Pure crop,
no fert.

2.0 4.2 26.3 27.7 1.0 5.1 24.4 34.3

SE 0.6 3.1 8.0 12.5 0.9 3.3 3.7 6.0

LSD (0.05) NS 6.4 16.9 26.3 NS 7.0 7.8 12.7



211

Table A.6 Above ground production of dry matter (g p11) by cowpea at different
days after sowing

Treatments

30 45

1993

60 90 30 45

1994

60 90

lPruned,fertilizer
barrier

1.7 8.1 12.7 13.1 1.0 6.9 14.7 20.3

2 Prun, fert., no bar. 1.4 7.3 12.6 14.1 1.0 6.9 14.2 19.6

3 Prun, no fert., bar. 1.9 6.9 10.3 10.3 1.0 6.5 13.2 19.5

4Prun,nofert.,no
bar.

1.0 5.3 8.4 8.8 1.0 6.2 10.4 16.2

5 Unprun, fert., bar. 1.4 4.4 8.5 6.3 1.0 5.1 10.4 16.8

6Unprun,fert.,
no bar.

1.4 3.6 7.4 7.1 0.9 4.9 9.0 12.6

7 Unprun, no fert.,
bar.

1.2 4.6 6.9 6.6 0.8 4.5 8.8 11.7

8 Unprun, no fert.,
no bar

1.0 3.0 6.8 6.3 0.9 4.2 7.8 10.3

9 Pure tree

10 Pure crop, fert. 1.5 7.5 12.9 12.9 0.9 7.8 12.6 19.1

11 Pure crop, nofert 1.4 6.3 9.3 9.3 0.8 4.4 11.9 18.7

SE 0.5 1.4 3.2 2.5 0.2 1.4 3.1 3.6

LSD(OO5) NS 2.9 NS 5.1 NS NS NS NS



Table A.7 ANOVA of straw yield of sorghum and partitioning of TSS into
single df.
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Source of variation df 1991 1992

MS F P MS F P

Block 2 340036 1.85 0.19 138233 0.83 0.45

Treatments 9 2088466 11.37 0.00 1687552 1014 0.00

Pruning 1 5295961 28.84 0.00 8806393 52.89 0.00

Fertilization 1 584064 3.18 0.09 2266767 13.61 0.00

Barriers 1 235224 1.28 0.27 304155 1.83 0.19

Pr1in * fert. 1 43350 0.28 0.63 260834 1.57 0.23

Pr1in * bar. 1 102966 0.56 0.46 8664 0.05 0.83

Fert.*bar. 1 29822 0.16 0.69 1507 0.01 0.92

* fert. * bar. 1 49142 0.27 0.61 98304 0.59 0.45

Intercrop vs pure crop 1 8616093 46.93 0.00 3198655 9.21 0.00

Purecropfert.vs
pure crop not fert.

1 383963 0.91 0.00 243251 1.46 0.24

Error 18 183610 166513



Table A.8 ANOVA of grain yield of sorghum and partitioning of TSS into
single df.
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Source of variation df 1991 1992

MS F P MS F P

Block 2 199954 1.78 0.20 1057 9.87 0.00

Treatments 9 1150339 10.2 0.00 1661 15.50 0.00

Pruning 1 3804084 33.8 0.00 8182 76.37 0.00

Fertilization 1 744480 6.61 0.02 2141 19.99 0.00

Barriers 1 202584 1.80 0.20 356 3.33 0.09

Prun. * fert. 1 79695 0.70 0.41 43 0.40 0.54

Prun. * bar. 1 1584 0.01 0.92 138 1.29 0.27

Fert. * bar. 1 79005 0.70 0.41 53 0.50 0,49

Prun * fert. * bar. 1 21780 0.19 0.67 100 0.94 0.35

Intercrop vs pure crop 1 3848142 34.2 0.00 3820 35.65 0.00

Purecropfert.vs
pure crop not fert.

1 1575937 14.0 0.00 114 1.06 0.32

Error 18 112567 107



Table A.9 ANOVA of straw and grain yield of sorghum
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Source of variation df straw yield grain yield

MS F P MS F P

Year 1 774984 3.1 0.09 10523535 119 0.00

Block 2 83259 0.3 0.72 166904 1.9 0.18

Pruning 2 8782369 35 0.00 2723120 31 0.00

Fertilization 1 3509377 14 0.00 927369 11 0.00

YearxPruning 2 405791 1.6 0.22 601553 6.8 0.01

Year xFertilization 1 43960 0.2 0.68 287296 3.3 0.09

Pruning xFertilization 2 516210 2.1 0.15 120020 1.4 0.28

YearxPruningxFert. 2 648555 2.6 010 254322 2.9 0.08

Error 22 251075.5 88465.7
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Table A.1O ANOVA of dry matter yield of cowpea at harvest and partitioning of
TSS into single df.

Source of variation df 1993 1994

MS F P MS F P

Block 2 5863 0.05 0.95 115019 1.35 0.28

Treatments 9 544247 4.87 0.00 800051 9.40 0.00

Pruning 1 2726483 24.4 0.00 3218459 37.8 0.00

Fertilization 1 829458 7.42 0.01 1374348 16.2 0.00

Barriers 1 168419 1.51 0.24 144615 1.70 0.21

Prun. * fert. 1 11781 0.11 0.74 803443 9.44 0.01

Prun. * bar. 1 4147 0.04 0.84 59900 0.70 0.41

Fert. * bar. 1 57085 0.51 0.48 5251 0.06 0.81

Prun. * fert. * bar. 1 16695 0.15 0.74 21063 0.25 0.62

Intercropvspurecrop 1 846007 7.56 0.01 1341291 15.7 0.00

Purecropfert.vs
pure crop not fert.

1 238750 2.13 0.16 232106 2.73 0.12

Error 18 111832 85097
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Table A.!! ANOVA of seed yield of cowpea and partitioning of TSS into single df.

Source of variation
df 1993 1994

MS F P MS F P

Block 2 3914 0.24 0.79 23161 0.93 0.41

Treatments 9 280431 17.21 0.00 392264 15.8 0.00

Pruning 1 413831 25.40 0.00 722766 29.1 0.00

Fertilization 1 269346 16.53 0.00 379287 15.3 0.00

Barriers 1 61358 3.77 0.07 119413 4.80 0.04

Prun. * fert. 1 30566 1.88 0.19 233071 9.37 0.01

Prun. * bar. 1 11682 0.72 0.41 26727 1.07 0.32

Fert. * bar. 1 10521 0.65 0.43 27547 1.11 0.31

Prun. * fert. * bar. 1 39488 2.42 0.14 18432 0.74 0.40

Intercrop vs pure crop 1 1623432 99.63 0.00 1952561 78.5 0.00

Purecropfert.vs
pure crop not fert.

1 63654 3.91 0.06 50563 2.03 0.17

Error 18 16295 24874



Table A.12 ANOVA of dry matter and seed yield of cowpea
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Source of variation df dry matter yield seed yield

MS F P MS F P

Year 1 182073 1.8 0.20 147328 9.8 0.01

Block 2 28879 0.3 0.76 9525 0.7 0.54

Pruning 2 2067993 20 0.00 1983455 132 0.00

Fertilization 1 1443763 14 000 300852 20 0.00

YearxPruning 2 42073 0.4 0.67 8675 0.6 0.57

Year x Fertilization 1 43306 0.4 0.53 6 0.0 0.98

Pruning x Fertilization 2 92041 0.9 0.42 13376 0.9 0.42

YearxPruningxFert. 2 199293 2.0 0.17 17519 1.2 0.33

Error 22 102435.3 15002.5



Table B.! ANOVA of leucaena dbh and yield and partitioning of TSS into
single df., without adjustment for initial diameter
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Source of variation
df dbh Yield

MS F P MS F P

Year 2 0.1024 1.40 0.25 16104870 10.98 000

Block 2 0.0089 0.12 0.89 10675053 7.28 0.00

Treatments 1 1.1152 15.24 0.00 40536260 27.63 0.00

Pruning 1 8.2134 112.3 0.00 217995873 148.6 0.00

Fertilization 1 0.1944 2.66 0.11 4606373 3.14 0.08

Barriers 1 1.1704 15.99 0.00 33403540 22.77 0.00

Prun * fert. 1 0.0280 0.38 0.54 3432775 2.34 0.13

Prun*bar 1 0.1121 1.53 0.22 14831348 10.11 0.00

Fert.*bar. 1 0.1176 1.61 0.21 1056238 0.72 0.40

Prun. * fert. * bar. 1 0.0004 0.01 0.92 1290958 0.88 0.35

Intercrop tree vs
pure tree

1 2.0456 27.96 0.00 47648089 32.48 0.00

Error 18 0.0732 324265194
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Table B.2 ANOVA of leucaena dbh and dry matter yield, with adjustment for
initial diameter

Source of variation df dbh Yield

MS F P MS F P

Covariate
(dbh, 1991)

1 0.2946 4.22 0.04 18074086 14.8 0.00

Year 2 0.1024 147 0.24 25063609 20.6 0.00

Block 2 0.0102 0.15 0.86 13590602 11.2 0.00

Treatments 8 1.1512 16.5 0.00 30554447 25.1 0.00

Pruning 1 5.3350 76.30 0.00 156048742 113.3 0.00

Fertilization 1 0.0055 0.08 0.78 3779305 3.1 0.08

Barriers 1 0.6797 9.73 0.00 27796182 22.8 0.00

Prun. * fert. 1 0,0021 0.03 0.86 2804001 2.3 0.13

Prun. * bar. 1 0.0378 0.54 0.46 12313221 10.1 0.00

Fert. * bar. 1 0.1166 1.67 0.20 877774 0.72 0.40

Prun. * fert.* bar. 1 0.0038 0.05 0.82 10728235 0.88 0.35

Intercrop tree vs
pure tree

1 3.0291 43.4 0.00 39621751 32.5 0.00

Error 67 0.0699 1219131



Table D.1 Pod and seed yield of unpruned leucaena trees (kg ha1)

Note: Pod = seed + pod-wall
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Treatments Pod Seed

Fertilizer + barrier + crop (T-5) 1813 875

Fert. + no bar. + crop (T-6) 2250 1000

No fert. + bar. + crop (T-7) 2313 1063

Nofert.+nobar.+crop (T-8) 2500 1125

No fert. + no bar. + no crop (T-9) 2688 1188

SE 652 289

LSD NS NS



Table F.! Climatic data, estimation of vapor pressure deficit and
tree transpiration of root pruning experiment 3

SVP: Saturated vapor pressure, AVP: Actual vapor pressure
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Date Solar Rad.

MJ m2D1

Transpir-
ation
L D1

Tavg.

°C

RH avg. SVP

K Pa

AVP

K Pa

VPD

K Pa

Nov28 19.5 18.6 18.4 58.0 2.11 1.22 0.887

Nov29 18.8 17.0 19.8 57.0 2.30 1.31 0.991

Nov30 18.8 19.1 19.3 64.0 2.23 1.43 0.803

Dec 1 16.2 18.9 19.0 62.0 2.19 1.36 0.833

Dec2 17.8 19.5 19.5 65.5 2.26 1.48 0.781

Dec 3 14.0 11.1 18.5 64.5 2.12 1.37 0.754

Dec4 13.6 18.1 21.8 61.5 2.61 1.60 1.000

Dec 5 3.8 1.0 19.0 97.0 2.19 2.13 0.065

Dec 6 5.5 3.4 21.0 89.0 2.48 2.21 0.273

Dec7 11.0 15.8 21.8 80.0 2.61 2.08 0.521

Dec 8 16.5 19.7 21.5 72.5 2.56 1.86 0.704

Dec 9 17.5 23.0 21.3 61.5 2.53 1.55 0.974

Dec 10 16.6 19.9 21.3 70.0 2.53 1.77 0.758

Dec 11 17.4 21.4 20.3 62.5 2.38 1.49 0.891

Dec 12 17.7 20.6 20.0 58.0 2.33 1.35 0.980

Dec 13 18.1 20.7 18.3 59.5 2.10 1.25 0.850

Dec 14 18.8 19.6 16.8 60.5 1.91 1.15 0.754



Hedge

Pollarding

Pruning

Straw

GLOSSARY OF TERMS

Agrisilviculture Agrisilviculture is one of the agroforestry systems that tries to
enhance productivity and ensure sustainability by intercropping an
annual food crop with a woody perennial.

222

Frequent low cutting of tree stems planted closely to promote a close
head of shoots.

Cutting back the crown of a tree to promote regrowth of shoots
beyond the reach of browsing livestock.

Removal of the twigs and foliage of a tree to produce green leaf
mulch or fodder for livestock.

Coarse roughage of sorghum or corn used as livestock feed, includes
stalks and leaves but not grain.


