
ALLEY CROPPING ON AN ALFISOL IN THE FOREST SAVANNA 
TRANSITION ZONE: ROOT, NUTRIENT, AND WATER 
DYNAMICS 

A.,.M. Smucker', B.C. Ellis' and B.T. Kang' 
1 Departmenl of Crop and Soil Sciences, Michigan Stale Universily, East Lansing. Michigan 
'International InSlilute of Tropical Agriculture, PMB 5310, fOOdan, Nigeria 

Key words: alley cropping. below-ground biomass, maize, cowpea, nitrate, min irhizotron, 
soil water 

Abllracl: Below-ground rool competition between Leucaena hedgerow and inrercropped 
maize and cowpea was evaluated on an Alfisol in the humid zone of southwestern Nigeria. 
Four-meter spaced hedgerows were established ;n J 983, and trials carried oUI with 
sequenlially cropped maize and cowpea in 1990 and 1991. Root dynamiCS were observed 
by minirhizotron and video camera technOlogies. Maize yield increased with distance from 
Ihe hedgerow and with the addition of Leucaena prunings. From 68-98 days after planting 
IDAP) biomass accumulalion rales for the hedgerow prunifJgs averaged 11.4 kg ha" d ' and 
was 91 kg h.·'d' for maize. Pruning applications had little effect on cowpea growth and 
yield. 

ROOl numbers were fewest directly below the hedgerow and increased significanlly at 50, 
150 and 350 cm from the hedgerow. Root numbers at all soil deplhs declined during the 
period from 61-83 DAP. Few Leucaena roots were observed in Ihe 0-90 cm of 'he soil profile. 
Maximum growth rates of maize roots, 1625 m·1d', were observed at 60 em depths for the 
8-day period from 19-37 DAP In lreatments receiving Leucaena prunings. An explOSion of 
root accumulations at 60 em in treatments with prunings may have resulted from favorable 
edaphic factors such as aecumulal'ed nutrients, waler andlor other roOl gro'Nfh.promoting 
components 01 the soil. Death rares 01 roots in alley cropping systems ranged from 470 m'] d' 
in Ihe 0-10 cm region oflhe soil to 160 m" d' at depths of 30-80 cm. At depths between 0-40 
em, root volumes occupied up to 1.3% of the soil pore volume, and the root length densities 
ranged from 0.59-3.50 cm/cm' al depths from 0-40 cm. Creater turnover rates of maize rOOls 
in Ihe control trealmenl appeared 10 increase Ihe N cycling within the rool zone. During the 
14 weeks of maize growth, an estimated 91 kg N ha" may be released into the soil by 
decomposing maize roots. Leucaena rOOls could contribute up to 101 kg N ha" during the 
maize crop. The proportion of this N pool which is reabsorbed, leached or recycled by the 
plant ;s unknown. Nitrate concenlralions reffected initial fertilization and were inversely 
related 10 rOO/ mass wilhin the 10-50 cm layers of Ihe soil. 

1. Introduction 
Sustainable agriculture in the humid tropics requires Irequent additions 01 nutrients 
and organiC materials lor maintain ing crop growth and yield. Although inorgan ic 
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fertilizers may provide these nutrients, timely supply and cost of fertilizers often 
prohibit their use in many areas of the world. Alley cropping has provided an 
alternative for this rei iance on inorganic N fertilizers and can also provide much 
needed organic material to maintain soil productivity. 

Water and nutrient availability may vary substantially among the different parts 
of the root system. In addition to the vertical gradients associated with the water 
regimes of a naturally drained soil which loses water from the root zone by surface 
evaporation, plant water uptake and drainage, soil water and nutrient gradients also 
occur at textural interfaces within the soil horizons. Therefore, root systems of 
different plant species, which explore different portions of the soil horizon, will 
absorb different quantities of water and associated nutrients by their associations 
with different regions of the soil profile. 

Growing food crops in association with N-fixing leguminous trees (NFT) in alley 
cropping has proven to be a sustainable system for food production on 
nutrient-deficient soils which are common in the humid tropics IKang, Reynolds and 
Atta-Krah 1990]. Although alley cropping experiments have been conducted for 
many years, root studies have been limited, and no effort has been made to quantify 
the below ground dynamics of plant root systems of the hedges and associated food 
crops. A joint investigation was undertaken by the International Institute of Tropical 
Agriculture (IITA) and Michigan State University (MSU ) in 1990 for three years. The 
purpose of this study was to identify the competition for nutrients and water by roots 
of plants in the hedgerows and associated food crops, and to develop a database of 
root dynamics, nutrient and water status in alley cropping systems. 

2, Tree Root Dynamics 
More than half of the annual net primary productivity (NPP) of many tree species is 
allocated below ground. Nutrient fluxes to the soil from fine root mortality can be 
greater than those from aboveground litter fall [Arthur and Fahey 1992, Cox et al. 
1978, Fogel and Hunt 1979, Grier et al. 1981, Harr is, Kinerson and Edwards 1977, 
Hendrick and Pregtizer 1992, Duguma and Kang 1985, Keyes and Grier 1981, Vogt 
et al. 1989]. Many aspects of fine root dynam ics of trees are, however, poorly 
understood. Very little is known about the longevity of fine roots, though this is a 
key factor affecting C and nutrient fluxes to and from the fine roots. A major 
problem is the inability to measure the magnitude of concurrent fine root production 
and mortality, especially when trees are pruned, as in alley cropping management 
systems. Physical sampling of roots precludes direct measurements of their rates of 
production and mortality. 

White roots of sugar maples in a temperate forest lose about 40% of their N as 
they turn brown [Goldfarb et al. 1990]. Fine root turnover appears to dominate C 
and N inputs to the soil, accounting for approximate ly 56% and 48% of the total C 
and 58% and 48% of the N cycled annually for white and brown roots respectively. 
About 60% of NPP is allocated to fine roots in the sugar maple ecosystems 
examined. In tulip poplar, fine root death and decay accounted for 67% of the 
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biomass litter production and about 60% of the N·cycled via detritus ICox et al. 
19781. Grier et al (1981) estimated that 55% of the total ecosystem NPP was 
allocated to fine roots in a 23 year old Pacific Silver lir stand, while the 
corresponding value from a 180 year old site was 69%. Since root growth is 
inhibited [Deans 1979, Kaufmann 1977, Kuhns et al. 1985, Taylor and Davies 1990, 
Teskey and Hinckley 19811 and root ageing (suberization) and turnover rates are 
accelerated [Bartsch 1987, Kuhns et al. 1985, Rogers 19391 at negative soil moisture 
potentials, new root growth may ini t ia lly be rapid, but retarded as drought 
progresses, resulting in greater root death (turnover) rates with increasing soil water 
deficiL It follows therefore, that the increased root death rate follow;ng each pruning 
of Leucaena hedgerows could be accentuated by periods of drought. Assum ing that 
approximately 50% of the N cycled annually in alley cropping systems orig inates 
from the roots, up to 250 kg N ha·1 may be cycled annually by the root systems 
[Kang et al 19901. Together, the above ground biomass, (excluding the woody 
material) and below ground root systems could recycle nearl y 500 kg N ha' . 

3. Nitrogen Cycling in Alley Cropping Systems 
The role of NFT in supplying nutrients tor crops has been the subject of mu ch 
discussion [Sanginga 1988, Kang et al. 19901. Nitrogen added to the so il as 
estimated from N yields of prunings, ranges from 100 to 300 kg N ha" y,' IGi churu 
and Kang 1989, Guevarra 1976, Kang and Duguma 1985,. Kang et al. 19901. 
Estimates as high as 600 kg N ha" y" have been reported when the trees were 
inoculated with an effective strain of Rhizobium [Sangin ga 19861. Despite the'N 
added to the soil from prunings of Nfl, maize still responds to N fertilization 
[Gichuru and Kang 1989, Kang et al. 1990, Sanginga et al. 19861 . Th is apparent 
anomaly may occur for several reasons. First, adding prunings to the crop may 
improve the surface soil structure and increase the water infiltration rate [LaI1989a , 
Lal 1989bl. This in turn might enhance leaching in alley cropping systems and may 
move the N below the rooting zone of the crop. Alternat ively, the hedgerows may 
reabsorb some of the leached N as it moves deeper into the profile resu lting in 
higher apparent values for the symbiotically fix ed N. Second, decomposition of 
added prunings may lead to retention of the N in organic forms that are resistant to 
rapid mineralization. Third, there may be a lack of synchronization between the 
timing of N rel eased from prunings and crop N demand. The addition of Leucaena 
prunings has been reported to increase N accumulation in the surface soil [Lal 
1989bl. In th is case, even though large quantities of total N are added to the soil, 
re latively little may be available for immed iate plant uptake. In order to improve 
alley cropping systems, basic processes occurring in the soil must be understood, 
including quantification of interactions between roots and nutrient cycles. 

4. Materials and Method. 
This investigat ion was conducted at the IITA main station at Iba da n (N igeria) in an 
established alley cropped area where Leucaena leucocephala trees were planted in 
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1983 at interhedgerow spacings of 4 m. The control plot had an alley width of 8 m. 
The experimental area was uniformly cropped with maize from 1983 to 1986 and 
fallowed from 1987 - 1990. A randomized block design with 2 treatments consisting 
of no prunings (controll and prun ings added (alley cropped) was replicated 6 times. 

The annual cropping sequen ce was maize (Zea mays L. cv. TZSRW) followed 
by cowpea (Vig"" unguiculata, cv. IT845-2246-4). Mai ze was planted on May 9, 
1991 at interrow spacings of 1 m, beginning at 50 cm from the hedgerows and 
cowpea at 50 cm interrow spacings. Intra-row spacing was 25 cm for both cowpea 
and maize. 

Basel ine soil parameters (table 1) were taken in 1990 and instru ments were 
installed. Data for the above and below ground parameters were measured during 
the 199 1 growing season. Above ground biomass and yield parameters were 
collected and measured by convent ional methods, after drying at 65c for J days. 

Minirhizotron polybuterate tubes (2 m lenglh and 0.05 m diameter were 
installed at 45 degree angles to the soil surface). Video camera technologies 
[Ferguson and Smucker 1989; Upchurch and Ritchie 1984J and time domain 
reflectrometry (TOR) [lopp and Davis 19B3 [ using stainless steel wave guides (30 cm 
length at 5 em spacings, installed at 10, 20, 30, 50, 75, 125 and 175 CIJI soil depths) 
were used for nondestructive quantifi cation of plant root dynamiCS and so il water 
contents within the soil profi le. Video recordings of roots intersecting the above 
portion of below ground mi nirhizotron tubes were taken at inte rvals during the 
cropping Season by a microvideo camera IB artz Technology, Santa Barbara. 
California, USAJ. The video root recordings were ana lyzed at Michigan State 
University by both man ual counting and compuler image processi ng. Soil water 
contents were determ ined, using a Tektron ix cab le tester1

, at vari ous times during 
crop growth. Soil s were sampled during crop growth, dried, sieved and exlracted 
with 1 N KCI, and analyzed for NO,' and NH.· contenls with an autoanalyzer. Data 
were analyzed as a randomized block, with split treatme nts by the M5U/MSTAT 
program. 

5. Results and Discussion 
The experimental si te has a pH between 6.3 and 6.4 in the surface 30 em. Organic 
carbon decreases from about 2% in the surface 10 em to 0.85 percent in the 20-30 
em layer. Nitrate N decreases in approximately Ihe same pall ern as O rg. C, but NH,
N is essentially constant in the upper 30. There were approximately 7 kg N ha" as 
nitrate and 11 kg N ha" as am monium in Ih e top 30 em of the soi l at the beginning 
of the experiment in 1990 (table 1). 

Model 1502B, Tektron ix Inc., Farmington Hills, Michigan, USA. 
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5.1 Biomass and yield responses 
leucaena hedgerows were trimmed five times during the 1991 cropping season to 
a height of 25 em above the soil; harvested material amounted to 5,100 kg ha" 
(2,470 kg ha" before planting maize, 475 kg ha" at 22 days after planting, 1,100 kg 
h." at 77 DAP and 430 kg ha" before planting cowpea, and 625 kg ha" at 52 DAP 
cowpea). The largest quantity was harvested at the firs t pruning. The rale of growth 
of the hedgerow prunings averaged I 1.4 (± 3.6) kg ha" d" . Ma ize plant biomass was 
higher in the alley cropped treatments which received three applications of prunings 
with significant increases measured between 70 days after planting (DAP) and 
physiological maturity (figure 1). The greatest biomass accumulation rates for maize 
plants, for the period 68·98 DAP, were at 86 and 95 kg ha" d" for treatments 
receiving no prunings (control) and prunings respectively. These data suggest an 8 
to nearly 9-fold greater production of above ground biomass by maize than the 
hedgerow trees during the ma ize growing season. 

Table 1. Initial soil paramete .. , 1990' 

Depth pH Organic NOJ-N NH.-N 
H,O carbon 

(em) Wo) .(018 N kg" so;l) ..... 

0-10 6.33 2 .03 2.68 2.80 
to·20 6.36 1.56 1.75 2.89 
20·30 6.35 0 .85 0.92 2.64 

'Each value is a mean of S replications sampled from the hedgerow, middle of alleys and control . 
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Fipr. 1. Whole planl biomass of maize grown in an alley cropped 
management system with prunin (alley cropped) and without prunings 
(control) 
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Figure 2. Maize grain yield on an Ox ic Pa leusla l( in contro l (A) anu with pl'unings 
(8) and \ocation of rows south (5) or nonh (N) of hedgerow 

Leucaena hedgerows competed with the first two rows of the a ll ey cropped food 
crops. Maize yields were significantly lower in the rows 50 and 150 cm from the 
hedgerow wh en compared to maize yields in rows? 250cm from the hedgerow 
(figure 2). Yield differences were a lso greater on the down-slope (south) side of the 
conlrol hedgerows, wi thout pru nings, suggest ing a latera l movement of nu trients 
across the hedgerows and maize. Solar energy reachi ng the top of the maize canopy 
was reduced in the two maiz e rows nexl to the hedge until the second row (150 em) 
(table 2). Radiation at mid-canopy was less than 97% up to 2 m from the hedgerow. 
Light interception by the maize, measured at the soi l surface, increased as the crop 
matured. The lower yields of maize in rows near the hedgerow may be due to 
competition fo r both light and so il resou rces. Cowpea yields were unaffected by the 
addition of prunings. There was a dramatic reducti on in yields of the first row, 50 
cm fro m the hedgerow (figure 3), Cowpea yields were depressed in 1991 due to 
severe insect infestation at pod setting stage. However, root distribution patterns, 
sampled during the growing season, were unaffected as presented later in this paper. 

5.2 Root dynamics of maize 
Root distributions in soi l depths 0 . 90 em, from nea r the hedgerow to 350 em 
withi n the plot, and from 13 to 62 DAP, as estimated by the mini rhizotron (MR) and 
video recording meth ods, are summarized in figure 4. Maximum root growth 
occurred at two months after planting in a ll parts of the p ia l. Roots numbers were 
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. =-1000 

lowest beneath the Leucaena 
hed~row •• Significantly great· 
er numbers of roots were 
observed beneath the fi rst row 
of maize 50 cm from the 
hedge, and another significant 
increase occurred beneath the 
rows at 150 cm. The greatest 
number of roots were observed 
at 350 cm from the hedge· 
rows. Root numbers began to 
decline three months after 
planting everywhere in the 
plot. The steady increase and 
decline of roots beneath the 
hedgerow, which follows the 
growth and maturation of the 
maize crop, suggest that maize 
roots invaded the hedgerow 
root zone and the majority of 

Figure 3. Cowpea yield responses 10 pruning, treatments 
and distance from the hedgerow 

roots observed originated from the maize. 
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Figure 4. Root distribution responses to prunings (Ale) 
and no prunings (C) dislanees (em) from the hedgerow 
and days after planting (DAP). Each bar represents the 
total number of roots identified along the minirhizotron 
tubes installed to depths of 90 em 
(n = 12- 22) 

The changing distribution 
pattern of the roots showed the 
spatial and temporal dynamiCS 
of roots in alley cropping 
experiments. Beneath the 
hedgerow, roots displayed a 
bimodal distribution (fig. SA); 
maize roots were the most 
abundant at 0-30 cm and at 
60-80 cm, which possibly 
included some roots of 
Leucaena. All roots at 60-80 
em were white in color, and 
had branching patterns similar 
to the roots of maize. 
Maximum root numbers rang
ed from 4000 to nearly 15,000 
m-2 in the 0-10 crn soil depths 
and from 1000 to 9000 m-2 for 
the deeper roots at 60-80 cm. 
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Table 2. Radiation ,radieni. at full sunlight, at the surface and within the canopy of mai •• 
planted in OlIn aJley cropping system with L~ucaena 

2 1 May 1991 29 May 199 1 

Di~nce Above Mid Soil Above Mid Soil 
from he<lge canopy clInopy surface canopy canopy surface 

1m) . , .. . . .. . .... . .. !", full sunl ighl) . ... .. . . .. .. . . . .. 

0 22.8 19.6 14.7 5.3 4 .2 4.9 
0.5 75.4 65.9 61.0 76 .6 58.6 48.3 
1.0 93 .6 94.4 89.0 98.3 905 80.2 
1.5 99.6 95 .2 88.4 97 .6 88.1 68.2 
2.0 98.3 94 .8 90.6 100.0 97.1 89.2 
2.5 IOU 975 94 .8 101 .7 81.5 78.2 
3.0 98.9 97.4 93 .6 108 .0 106.2 102.4 
3.5 110.0 93.3 68 .5 102.5 91.8 78.2 

Note: N\ay 21 , hedge heighl:= 118cm and maize heigh' = 29cm 
May 29, hedge height.= 1 S7cm and ma ize height = 4Scm 

Maize roots were observed in the 0·' 0 cm of soil below the first row of maize, 
50 em from the hedgerow, in Ihe control treatmenls al 13 DAP (figure 58). Root 
num bers increased, up to 32,500 in the 0-10 em layer at 6 2 DAP. Nea rly 5.000 
more roots appeared per m' at the 20 and 30cm depths du ring the 8-day peri od 
from 29-37 DAP (fi gure 58). Substantial rool growlh a lso occurred ill 80 em, where 
nearly 9,000 m" roots appeared during Ihe period from' 3·62 DAr. Relatively fewer 
roots were observed al soil depths of 60-70 em beneath Ihe firsl mai ze row of th e 
control plots. 

Many more rools were observed al all deplhs for all periods of ma ize growlh al 
350 em from Ihe hedgerow (figure 50. In Ihe conlrol Ihere was grealer rool 
exploralion of Ihe soil profile du ring th e firs t 37 DAP, wil h more Ihan 380 new rools 
appearing per day in the 60-80cm region of the soil resulling in a nearly uniform 
vertical dislribution of roots in Ihe 0-80c .... region of Ihe soil profile al 62 DAP 
{figure 50. Fewer roots were at observed 10 and 20 em Ihan from 0-10 em for all 
S dates of measurement, wh ich were similar to the root profiles in the SOcm control, 
suggesling Ihal root growlh may have been impeded by a dense soil layer or Ihal 
fewer nutrients were present in this region of the soi l. 

Root growth in Ihe alley cropped Irealments, mulched wilh prunings, was greater 
than in the control and was uniformly distribuled throughout Ihe soil profiles at 
depths from 30-80 em in the first row, 50 em (rom the hedgerows (figure 6A). 
Maximum root growth rates of 530 rools nf' d-l occurred al 0-' 0 em soil depth in 
the alley Clopped trealmenl during the first 62 days afler sowing maize. In Ihe all ey 
cropped treatments there were more rools between 60-70 em, Ihan in the control 
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Figure s. Root distribution profiles shbwing the numbers of rools observed in the control 
treatments at the upper surfaces of minirhizotron tubes installed at 45 degrees beneath the 
hedgerow (511), ma ize rows at 50 em (5B) and 350 em (SCI (or Ii,e dales denoted as days 
after planting (DIIP) 
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figure 6. Numbers 01 roolS observed in .Iley cropped lre.lmenl, wilh pruning' on Ihe upper 
surfaces of minimizOIron lubes in5lallOO .1 45 degrees beneath planl rows al SO cm (GA) and 
150 cm (66 .nd 6e) from 'he hedgerow, at mulliple days .fler pl.nting (n = 12-22) 
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treatments (figures 5B and 6A), suggesting greater nutrient accumulation at this depth 
in the soil receiving prunings. Almost no root growth was detected at 90 cm below 
the first row of maize in the alley cropped treatments. 

The greatest rates of root growth in this experiment, 1625 roots m" d", were 
observed during the first 50 days of a maize crop planted in the alley cropped 
treatment receiving prunings at 150 cm from the hedgerows (figures 6B, 6C), The 
explosion of root growth at 60 cm, during the first 62 days of crop growth, strongly 
suggests an accumulation of nutrients, water and possibly other soil components 
which promote excessive root growth. Since the mechanical impedance in this 
region, horizon IIIB" at 45-72 cm on similar soil, increases by a factor of 2.4 
[Moormann et al. 1975), some edaphic factor, eg., discontinuity of water flow, 
nutrient accumulations, etc., must have stimulated root growth in this region even 
though impedance was relatively high. It is assumed that the majority of these were 
maize roots, as no reddish or pinkish roots, typical of Leucaena, were observed at 
these depths and distances from the hedgerows. The high root density in this region 
suggests that competition for root growth-promoting soil components over
compensates for the apparent mechanical resistance. Root numbe'(s increased during 
the first 62 DAP and decreased for the duration of the maize crop (figures 6B and 
6C), suggesting that root growth and death rate are about equal in the 50-70 cm 
region of the soil. Under maize rows at other distances from the hedgerow,lin 
contrast to the control treatment) there were apparently many maize roots in the soil 
below 90 cm, beyond the limits of observation by the minirhizotron Ifigures 6B and 
6e). These data suggest that the application of hedgerow prunings increases the 
depths of maize roots. This trait might improve the tolerance of maize and possibly 
other alley cropped food crops to drought. Although total root numbers were greater 
at the 0-10 and 60 cm depths in the alley cropping treatments, at 150 cm from the 
hedgerow, 62 DAP, absorptive root surfaces may be too small as roots occupied less 
than 1.3% of the soil pore volume from 0-40 cm. At 150 cm from the hedgerows, 
total surface area of maize roots sampled in June at depths of 0-40 cm were 15% 
greater in the alley cropped treatment receiving prunings Itable 31. One month later, 
(July B), root length densities were greater, indicating Significant increases in root 
growth in the alley cropped and control treatments at most depths and distances 
from the hedgerow (table 4). Root length density values> 2.25 cm cm" for all soil 
depths in the control treatment at 350 cm distance from the hedgerow, suggest that 
more than adequate amounts of nutrients were added at sowing. These and the data 
in table 3 suggest food crops would benefit from a greater root absorption area, 

During the three-week period between 62-B3 DAP lfigure 7 A), root numbers 
dropped from about 10,000 to 6,000 m" at soil depths from 20-40 cm in the first 
row of the control plot. This high turnover rate, representing a net loss of 3:30-475 
roots per day, resulted from a reduction in new root growth and an increased root 
death rate. From 95 to 381 roots per m' disappeared each day at 40-60 cm during 
the period from 62-63 DAP. The relative absence of roots at 90 cm during the 
growing season suggests that only maize roots were observed at these depths, at 350 
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cm from the hedgerow (figures 58 and 5C). Therefore, rool lurnover rales can be 
estimated by Ihe net loss of root numbers with lime. Although specific root birth and 
dealh rates were not measured in these studies, previous reports have indicated the 
same phenomena IHendrick and Pregilzer 19921 . Rool death rales be low Ihe first 
row of alley cropped maize during the period from 62-83 DAP, averaged 
approx imately 500 roots m" d" in the 0-20 em soil depths (figure 7A) and the 
143-405 roots m" d"from 30-80 em depth . 

Table 3. foul root surface .rea· of washed, video recorded, and image processed maize 
root response to alley cropping and control treatment at 150 em from hedgerow 
at June. 1991 ("=4) 

Horizon Depth Al ley cropped Control 

em Total em' 'Y, Total em! 'Y. 

O· 14 282 71 237 66 
14 · 26 68 17 68 20 
28·40 49 12 42 12 

400 100 347 100 

- Extracted from 703 cc of soil. 

Greater maize root turnover rates al increa sing distances fro m the hedgerow up 
to 800 roots m" d", could resul t in the cycl ing of large quan tit ies of N within the 
root zone of the food c rop (fig. 7 A). Pre liminary calculations indicale Ihal between 
3-10 kg of N ha" may be released by maize roots each week, depending on Ihe size 
of the plants. Using the aver- Root turnover no per m2 
age of these numbers and -20000 -15000 -O<XXJ -5000 0 
multiplying by 14 weeks, the or:"':"':"':"''''':''':''':'''-""T---'--'''''' 
duration of the maize c rop. 
suggests that up 10 91 ~g N 
ha" would be released by 
maize each season. In contrast, 
Leueaena produced approxi
mately 5100 kg of prunings 
per growing season. Assuming 
Ihal the N fluxes into the soil 
from the roots and Ihe 
prunings are equal [Arthur and 
Fahey 19921. and that roots 
have a 2'1'. N concentration, 
then up to 102 kg N would be 
cycled by Leucaena roots each 
growing season. If we combine 
the values from maize and the 
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hedgerows (Le., an average of 6.5 and 7.3 kg N ha·' week·' ), there could be as much 
as 13.6 kg N ha·' available each week or up to 193 kg N ha-' recycled during each 
maize growing season. Much of this N could be released by decomposing roots of 
both the hedgerows and the food crops, as 50-650/0 of the roots disappear during the 
dry season (figure 78). It a,.pears that in the dry season following cowpea, the 
control plots lose up to 2 to 3 times as many roots as the Lcucaena hedgerows (table 
5) suggesting that some tree roots may have grown into deeper horizons than the 
food crops. Research using isotopes is needed to determine what proportion of this 
N is reabsorbed, recycled or exchanged between specics in the a lley c ropping 
systems. 

'" D 
;: 
~ 
c. 

~ 
D 

E 
OJ c 
~ 

8 
a: 

300 

200 

100 

0 

1991 

351 
DOY 

~ Hedge 
0--0 /\IC, 50 
.......... AIC,ISO 
lI---i\ Control,15O 
t'----q Control,350 

1992 
Filure 7b. Decline in root numbers intersecti ng minirhizotron tubes during the dry 
season, follow-jng a cowpea crop (or J 11 2 day fJc riod (December 16 1991 - April 
6 1992) (n = 12-22) 

Table 4. Root length density of maile 8 July' in aney cropping, distance from hed,erow 
and soil depth In = 12-20 MR) 

Cootrol Alley cropped Standard 
Soil depth Hedge devla1ion 

row 
SOem JSOcm SOem 1 SO erg 

em .. . [em rocA/m" solD . 

0-10 1.1 8 2.55 2 .9 1 2.63 l .SO 0.76 
10-20 0.79 1.43 2.24 .... 2 .03 0.51 
20-30 0 .98 I.S7 2.62 o.~ 1.76 0.63 
30-<0 0 .58 1.22 2.25 1.13 1.9 1 0 .59 
40-50 0.42 0 .81 2.28 0 .75 1.62 0 .68 
50-60 0 .-45 0 .67 2.36 0.74 1.<41 0.69 
60-70 0 .55 0 .5) 2.]5 0.77 2 .13 0.80 
70-80 0.78 0 .78 2.48 0.86 2.77 0.90 
80-90 0 .21 0.20 0.90 0 .10 0 .049 0.29 

·Cakulated by equation from Upchurch and Ritchie 11984) 
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Tablo 5. Root woisht .nponlU of an alloy croppi", system to the dry __ 
(1991.1992) 

T .... 1menI 

Hedgerow 
Alley Cropped 
Control 

Date: 16/12131 

l00b 
127b 
209. 

3011/92 

alb 
9Sb 
150. 

2/3/92 6/4/92 

S5b 
7501> 
107. 

47b 
65.b 
85. 

Mean v.lues for !he .. me date are nol .ignirtcantiy different at P.OS when followed by Ihe .. me leu.< 

5.3 Cowpea root dynamics 
Cowpea root density was 
lower than maize root density; 
the development of cowpea 
roots was greater where 
prun ing. were not added (C, 
figure 8) There was some 
growth of hedgerow roots, 
which was not synchronized 
with the growth of cowpea 
roots. Much of the cowpea 
root growth, 350 cm from the 
hedgerow, occurred before 25 
DAP. In other words, the birth 
and death rates were nearly 
equal at 350 cm from the 
hedgerow, 25 to 98 OAP. 
Roots, positively identified as 
cowpea roots were manually 
counted by the open trench 
method when the crop was 
near maturity (figure 9). There 
was a large decrease in roots 

.300 
-a 

• 1 0 z 

Figure 8. Distribution response of cowpea roots to two 
additional of prunings (A/C) and no pruning. (C), 
distances from the hedgerow (em) from 25·98 DAP 
(n = 12·22) 

from the surface to 180 cm soil depth, with most of the roots at a depth of 0·70 em. 
Essentially no gradient in root numbers was observed below 20 cm in the interrow 
region between the hedgerow and the first row of cowpeas (figure 9). These data 
indicate that few tree roots occupy these regions in the all eys. Few large conducting 
roots from the hedgerows were encountered by the open trench method (less than 
2 roots, 3·5 mm, per m', visual observation) and they seldom branched near the soil 
surface. Root profiles of cowpea (figure 10) suggest that most of the roots, 16,000 
to 28,000 roots m'z, were concentrated in the 0·10 cm of soil at 25 OAP. 
Apparently, drought reduced the number of shallow roots from 28,000 to 15,500 m'z 

by 37 OAP. Root. grew deeper into the soil profile as the season progressed. There 
were few roots at 60 cm, but greater accumulations at soil depths of 70·80 cm. 
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5.4 Soil water sbtus 
Soil water content was 
higher in the top 50 
cm when prunings 
were added to maize 
than in the control 
which had 5.5% less 
water (table 6). The 
lower water content of 
the control may have 
exacerbated below 
ground competition, 
between the hedge 
food crop. More 
research in drier 
climates is needed to 
evaluate th e 
significance of this 
result. Cowpea and 
maize root systems 
(figures 5, 6 and 10 ) 

AllEY CROf'PING ON AN ALF ISOlIN SAVANNA TRANSITION ZONE 

g -
• g 
'" 

9. Root ion at open face soil i 20-50 em 
from hedgerows when cowpea crop was at physiologica l maturity 
(n = 3). 

suggest that most of the roots observed in the alleys between the hedgerows, 
originate from the food crops, there were few identifiable Leucaena hedgerow roots 
within the 0-90 em soil depths; root numbers increased and decreased with the 
growth and maturation of the two food crops. 

5.5 Soil nitrogen " .. Ius 
Data for the nitrate content of the soils on three sampling dates are given in table 
7. The data reflect the application of 30 kg N, as fertilizer, on May 10, 1991. The 
first pruning of Leucaena was on 29 April 1991, but this did not increase the nitrate 
concentration over the control (data not reported). 

The nitrate levels changed liltle at first , but in the period between 17 June and 18 
July, the nitrate concentration of the IOta 30 em layer was reduced to near the 
initial levels. Th e nitrate content in the 40 to 50 cm layer also declined during this 
period. This reduction in ni trate corresponded to a large increase in total root count 
from 37-50 DAP (Figures 5C and 68). It is of interest that the surface layer (0-10 cm) 
showed an increase in nitrate content during th is period. 
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rows of cowpea receiving prunings il SO and 150 em (l OA and IOUl and wilhoul prunings 
at 50 and 350 em (lOC ar'lll 100) " • 12·22. 



ALLEY CROPPING ON AN ALFISOL IN THE SAVANNA TRANSITION ZONf 

Table 6. Influence of pruninp on water retention in and soil profiles at 150 em distances 
from hed,erow (n • 4) 

Trealmenl Depth Days afief plolnting 

(em) 7 8 14 21 28 43 50 

..•..•.....•.•• (~IJ VokJmevic water) ..... ' ......•. 

Hedgerow 10 10.0 16.0 12.7 11 .1 11.1 13.2 12.7 
20 13 .9 19.7 15.6 16.6 14.4 18.6 17.7 
30 15.9 20.6 17.7 18.4 17.0 19.6 18.8 
50 13 .4 17.7 15 .4 16.7 15.8 17.6 16.8 

. . •.. (% Change from hedgerowl . . .. .. . 

Control 10 2.1 2.5 1.8 3.1 -0.5 2.7 2.8 
20 -1.6 ·2 .7 -1.7 -2.3 -3.2 -3.9 -3 .9 
30 -3 .9 ·5 .0 ·3.3 -3.9 -2.8 ·4.6 -4.4 
50 :.L! -il :..U -0.6 .-Q :Q,2 · 1.0 

To,.1 -4.5 -7.3 -4 .4 -3.7 -6 .5 -6.7 -5.5 

Alley 10 6.1 2.7 1.6 3.5 0.9 6.4 1.7 
cropped 20 -1.7 -0.1 -2.3 -0.5 .1.3 -1.9 -0.4 

30 -2.5 -2 .2 -3.2 0.1 .1.2 -1.3 -1.8 
50 J!,2 0.4 .:ll ...u .bQ .u :!.2 

Total 3.8 0.8 -5.8 4.7 0.4 4 .4 -2.2 

Table 7. Nitrate content of ",il for control and alley cropped treatments in 1991 

Date Depth Control Alley Cropped 

(em) . (mg N as NO) kg " soil) . 

May 30 0-10 10.2 10.0 
10-20 5.3 5.0 
20-30 8.3 6.8 
40-50 8.3 7.2 

June 17 0-10 7.8 7.8 
10-20 3.5 7.5 
20-30 6.0 5.4 
40-50 14.8 6.5 

July 18 0-10 11.2 13.9 
10-20 4.6 4.8 
20-30 3.4 3 .4 
40-50 5.4 3.4 

Nofe: EKh villue reported is a mean of 6 replications and two row distances from the hedge. 
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6. Conclusions 
Below ground studies of alley cropping root systems indicate massive accumulations 
of maize roots at 60-67 cm depths of an Oxic Paleustalf after prunings from a 
nitrogen fixing tree are applied to the soil surface. Improved root proliferation at 
these soil depths has potential for enhancing the drought tolerance of food crops in 
alley cropping systerns given the short dry spells commonly occurring in 
southwestern Nigeria. The addition of pruning. increased above and below ground 
biomass and maize yield. There was very little root competition between the trees 
and food crops in the upper 90 cm of the soil, as root numbers increased and 
decreased with the phenological development of the maize crop. 

Soil water content remained higher when prun ings were added. More water was 
used by the smaller ma ize crops when no prunings were added. Nitrate 
concentrations in the soil reflected fertilizer additions and were inversely related to 
root growth below 10 cm soil depth. The large turnover rates of maize roots can 
produce a potential of 90 kg N ha" and Leucaena root death may contribute up to 
102 kg N ha·'. Together, nearly 200 kg N ha" may be recycled through the root 
zone6 of the respective crops. Most of the plant roots from 0-90 cm died during the 
dry season from January to Apri I. 

References 
Arthur MA and Fahey TJ (1992) Bioma.s and nutr ients in an Egelmann spruce - subalpine fir 

forest in north central Colorado: pools, annual production and internal cycling. Canadian 
lou mal of Forestry Research 22: 315·325. 

Bartsch N (1987) Respon<e of root systems of young Pinus sylves/ris and Pice. abies plants 
to water deficits and soil acidity. Canadian Journal of Forestry Research 17: 805-812. 

Cox TL, Harris WF, Asmus BS and Edwards NT (1978) The role of roots in biogeochemical 
cycles in an eastern deciduous forest. Pedobiologia 1 S: 264·271. 

Deans 10 (1979) Fluctuations of the soil environment and fine root growth in a young Sitka 
spruce plantation. Plant and Scil 52: 195·208 . 

Ferguson JC and Smucker AJM (1989) Modifications of the minirh izotron video camera system 
for measuring spatial and temporal root dynamics. Sci l Science Scciety of America 
Journal 53: 1601·1605. 

Fogel R and Hunt G (1979) Fungal and arboreal biomass in a western Oregon Douglas fir 
ecosystem: distribution patterns and turnover. Canadian Journal of Forestry Research 9: 
245·256. 

Gichuru MP and Kang BT (1989) Calliandra ca/othyrsus (Meissn.) in alley cropping system 
with sequentially cropped maize and cowpea in southwestern Nigeria. Agroforestry 
Systems 9: 191 ·203. 

Goldfart 0 , Hendrick R and Pregitzer K (1990) Seasonal nitrogen and carbon concentrations 
in white, brown, and woody fine roots of sugar maple (Ace, saccharum Marsh). Plant and 
Scil 126: 144·148. 

Grier CC, Vogt KA, Keyes MR and Edmonds RL (1981) Biomass distribution and above and 
below-ground production in young and mature Abies amabllis zone ecosystems 01 the 
western cascades. Canadian Journal 0( Forestry Research 11 : 155-167. 

Guevarra AD (1976) Management of Leucaena leucocephala (lam.) de Wit for maximum yield 
and nitrogen contribution to intercropped corn. University of Hawaii. Ph.D thesis. 

120 



ALLEY CROPPING ON AN AtElsot. IN THE SAVANNA TRANSITION ZONE 

Harris WF, Kine""n RS and Edwards NT (1977) Comparison of belowground biomass of 
natura) deciduous forests and loblolly pine plantations. Pedobiologia 17: 369-3 81. 

Hendrick RL and Pregitzer KS (1992) The demography of fine roots in a northern hardwood 
forest. Ecology 73: 1094.1104. 

JOi.lin JD and Henderson GS (1987) Organic matter and nutrients assoc iated with fine root 
turnover in a white oak stand. Forest Science 33: 330·346. 

Kang BT and Duguma 8 (1985) Nitrogen management in alley cropping systems. tn: 
Proceedingsolthe international symposium on nitrogen management in the tropiCS. Kang 
8T and van der Heide I, eds, pp.269.284 . Institute of Soil Fertility, Haren, Netherlands 

Kang BT, Wilson GF and Sipkens L (1981) Alley cropping maize and Leuc •• n .. in southern 
Nigeria. Plant Soil. 63: 165·179. 

Kang BT, Reynolds L and Atta.Krah AN (1990) Alley Farming. Advances in Agronomy 43 : 
315·359. 

Kaufmann MR (1977) Soil temperature and drought effects on growth of monteray pine. For. 
Sci. 23: 317·325. 

Keyes MR and Grier CC (1981) Above and below·ground net production in 40 yr-old 
Douglas.fir stands on low and high productivity sites. Canadian lournal of Forestry 
Research 11: 599-605 . 

Kuhns MR, Garrett HE, Teskey RO and Hinckley TM (1985) Root growth of black walnut trees 
related to soil temperature, soil water potential and leaf water potential. Forest Science 
31: 617·629. 

Lal R (1989a) Agroforestry systems and soil surface management of a tropical Alfisol : V. Water 
inflltrability, transmissivity and soil water sorpt ivity. Agroforestry Systems 8: 217·238. 

Lal R (I 989b) Agroforestry systems and soil surface management of a tropical Alfisol: III. 
Changes in soil chemical properties. Agroforestry Systems B: 113· 132 . 

Moormann FR, lal Rand luo ASR (1975) The soils of IITA. IITA Technical Bulletin No. 3, 
24pp. 

Rogers WS (1939) Root studies. VII . Apple root growth in relation to rootSlock, soil, seasonal 
and climatic f«tors. I. Pomol. 17: 99·130. 

Sanging. N (1988) Nitrogen fixing trees in Agroforestry: Biological nitrogen fixation and 
contribution to soil fertility. Essay submitted to IITA, Ibadan, Nigeria. 

Sanginga N, Mulongoy K and Ayanaba A (1986) Inoculation of Leucaena leucoeeph.l .. (lam.) 
de Wit with Rhizobium and its nitrogen contribution to a subsequent maize crop. 
Biological Agriculture and Horticulture 3: 341·347. 

Taylor G and Davies WI (1990) Root growth of F.gussy/varica : Impact of air quality and 
drought at a site in southern Britain. New Phytol. 116: 457·464. 

Teskey RO and Hinckley TM (1981) Influence of temperature and water potential of root 
growth of white oak. Physiologia Plantarum 52: 362·369. 

Topp GC and Davis IL (1983) Measurement of soil water content using time·domain 
reflectrometry (TOR): ~ field evaluation. Soil Science Society of America lournal 49: 
19·24. 

Upchurch DR and Ritchie IT (1984) Banery-operated color video camera for root observations 
in minirhizotrons. Agron. 1. 76: 1015·1017. 

Vogt KA, VOgl DJ, Moore EE and Sprugel DG (1989) Methodological considerations in 
measuring biomass production, respiration and nutrient resorption for tree roots in natural 
ecosystems. In: Torrey IG and Winship LJ, eds, Applications of continuous and 
steady·state methods 01 root biology, pp 217·232 . Kluver, Dordrecht. Netherlands. 

121 




