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Summary The effects of variations in edaphic and hydrologic factors over a short distance 
on the root growth of soybean cv. Hernon 237 and cowpea ev. IT 82 E-60 were studied in a 
hydromorphic toposequence. During the growing season the water table (WT) fluctuated 
from 0.43 to 0.94m (high), 0.60 to 1.12m (medium) and 0.72 to 1.51 m (low), respectively 
in 1983 and from 0.47 to 0.84m (high), 0.63 to 1.13m (medium) and 0.83 to 1 20m (low). 
respecti,relv, in 1984. Poor soil aeration did not limit growth, even for high WT. 

Root penetration into the deeper soil was prevented at the low and medium water table 
sites by the presence of a naturally occurring compacted gravel layer at the 0.30-0.40m 
depth. The absence of this layer at the high water table site resulted in root growth and pro- 
liferation of soybean roots even within the capillary fringe zone immediately above the water 
table. Cowpea roots, however, were not observed in this saturated soil zone. Cowpea roots 
penetrated deeper in high than in medium and low WT. Evapotranspiration (Et) and Et/E o 
values of both crops were significantly greater at the high than at medium or low water table. 

Introduction 

The seasonal fluctuations which occur in the depth of  a water table 
in the field often result in periods when the root zone of  a crop be- 
comes saturated resulting in anaerobic conditions. At other times 
the water table may fall below the root zone and consequently the 
crop may suffer from water stress. Such contrasting water regimes 
in combination with edaphic factors in the root zone can seriously 
affect crop growth and yield. The information about the response 
of  a crop root system to a fluctuating water table and its interaction 
with soil factors is therefore of  agronomic importance. Studies of  
this aspect of  the field environment are, however, scarce in the humid 
and subhumid tropics. 

For the temperate zone, Stanley et aL 17 in a rhizotron study im- 
posed temporary water tables at depths of  45 and 90 cm during three 
different growth stages of  soybean. Yield decrease was lowest with 
the imposition of  a water table at the 90 cm depth during post- and 
pre-flowering. This was thought to be an effect of  water deficit. In 
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other studies, observations made on soybeans and cotton grown in soil 
columns indicated an increase in root density and water uptake from 
the capillary fringe zone particularly when irrigation was withheld 13' is 
Transient waterlogging is thought by some workers to result in a 
reduction in the downward proliferation and activity at depth of  roots 
following the cessation o f  waterlogging. From their studies in tropical 
environments using field lysimeters, Wien et  al.2~ reported that cowpea 
was more sensitive to high WT than were soybean or maize. Nodu- 
lation was found to be adversely affected even by transient inundation. 

The object of  the present study was to observe the effects of  
variations in edaphic and hydrologic factors over a short distance 
in a typical hydromorphic toposequence on the seasonal root growth 
patterns of  a crop. Such variations in soil properties and ground water 
fluctuations are known to be characteristic o f  the soils described as 
'hydromorphic soils' in Western Africa 7'9' 10,14. The total area which is 
covered by this soil type is estimated to be approximately 10 million 
ha 7 . 

Materials and me thods  

The exper iment  was conducted  at the  International  Inst i tute of  Tropical Agriculture (IITA), 
Ibadan, Nigeria, located approximate ly  30 km south  of  the nor thern  limit of  the  lowland rain 
forest.  The annual  rainfall ranges between 1 0 0 0 - 1 5 0 0 m m .  There are two growing seasons 
due to the  bimodal  character of  rainfall distr ibution; the  first from late March to late July,  
ending in a short  dry spell of  approximate ly  1 mon t h ;  and a shorter second season from late 
August  to early November;  The dry season lasts from November to March. 

Using the  existing natural  topography,  experimental  plots were established at 3 water 
table depths;  low, med ium,  and high, in a hydromorph ic  toposequence.  A similar field tech- 
nique was used by Moormann  e t  al. t4 , IITA 9,t~ and Mambani  and Lal ~1 to observe crop res- 
ponse to a variable soil water regime. The f luctuat ion in water table depth during the growing 
seasons of  1983 and 1984 are shown in Fig. 1. The exper imental  design used was a systematic  
design with 3 replications 16 . Each plot was 6.5 • 6.5 m. 

The soil at the  low and medium water table sites was a ferric luvisol (gleyic) [Udic haplu- 
staff],  and tha t  at the  high water table site was a mollic gleysol (Aeric t ropoquent) .  A layer 
of  angular and sub-angular quartz ('gravel layer') was located at a depth  of  approximately  
0.35 m at the  low and medium water table sites, bu t  was absent  at the  high water table site. 
The gravel content  (w/w) at the  low and medium water table sites in the  0 . 3 0 - 0 . 4 0  m and 
0 . 4 0 - 0 . 5 0 m  depths  were 34.9% and 39.5%, respectively, whereas at the  high water table 
site it was 7.2% and 9.1%, respectively, pH (water) and CEC were similar at all three locations 
having mean  values of  6.5 and 50.2 m mol  (+) kg -1 respectively. Soil texture  too was similar, 
sand, silt and clay conten ts  were 69.7%, 12.9% and 17.4%, respectively. 

Soybean (Glyc ine  m a x  L. Merr. cv. Hernon 237) and cowpea (Vigna unguicula ta  Walp. 
cv. IT 82 E-60) were planted during the  major (Apr i l -Augus t )  and minor  (Sep t embe r -Novem-  
ber) seasons o f  1983, respectively, following the no-till system. In 1984 both  soybean and 
cowpea were planted during the minor  season. Plant spacings of  0.05 • 0.75 m and 0.25 • 0.50 
m were used for the soybean and cowpea, respectively. Weeds are controlled by the  application 
of  paraquat  (1-1 '-dimethyl-4-4 'bipyridinium ion) at a rate of  0.5 kg a.i. ha  -~ one week prior 
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Fig. 1. Variation of  water table depth  and precipitation with t ime during the growing seasons 
o f  1983. x - Low WT; ~x _ Medium WT; o - High WT. 

to and at planting. Fertilizer was applied as a single application of  300kg  ha -~ of  15 :15 :15  
at planting. 

Top growth during the  season was measured as plant  height,  shoot  growth and grain yield. 
In addit ion soybean on togeny  was recorded according to the growth stage classification of  
Fehr e t  al. 6. 

Fluctua t ions  in water table depth  were followed with the  aid o f  observation wells located 
at the  centre o f  each plot.  Soil water con ten t  was measured gravimetrically at 0 . 1 0 m  depth  
increments  to a depth of  0.50 m,  and thereafter at 0.25 m depth intervals to a depth  of 1.00 m. 
Two locations were measured in every plot. Penetrometer  resistance at the  0.35 m depth was 
measured with a pocket  penetrometer .  

Rainfall was measured with a non-recording rain gauge. Potential  evaporation,  the  evapo- 
ration from a free water surface 8 , was measured with a steel tank,  0.56 m in diameter,  filled 
with water and buried in the soil leaving a freeboard of  0.15 m.  

During 1983 root  growth was moni tored  in soybean at 17, 30, 57 and 119 days after 
planting, and in cowpea at 28 and 49 days after planting. During 1984 root  growth of  soybean 
and cowpea was measured at 46 and 40 days after planting,  respectively. Cores (70 ram dia- 
meter  and 85 mm deep) were taken at 0.10 m depth  increments  in the soil profile within and 
between plant  rows at 2 locations in every plot. The cores were then  broken horizontal ly 
and the  roots  exposed at the  broken face counted 3,s. Root  number  was converted to root  
length densi ty following the procedure of  Drew and Saker 5 . Total  root  length beneath uni t  
ground area was calculated for each day of  measu remen t  as f z  Lv ' dz. where z is depth o f  
rooting and L v is root  length density.  Due to drying of  the  soil the  'core-break me thod '  was no t  
used when  measuring root  growth of  cowpea at 49 days after planting. Instead the  ' t rench- 
profile '  me thod  of  Bohm 3 was used. A t rench 0 . 7 4 m  deep and 0 . 5 0 m  wide was dug in each 
plot  across the  plant  row. The  roots  at the exposed face were counted.  The max imum depth  o f  
the  root  system was also measured.  
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Fig. 2. Variat ion of  water  table depth and precipi ta t ion with t ime during the growing season 

of  1984. x - Low WT; a - Medium WT; o - High WT. 

Results and discussion 

Plan t h eigh t 
Plant height of soybean was measured at physiological growth stages 

V3-V4,  V8 and R2-R3 in 1983 and V7, V9 and R2 in 1984 (Table 
1). Measurements of plant height were discontinued thereafter due 
to extensive lodging of the soybean. Plant height of cowpea was 
measured at 49 days after planting (DAP) in 1983 and 28, 35 and 
53 DAP in 1984. 

In general both soybean and cowpea plants grown at the high WT 
site were taller than those grown at the medium and low WT sites. 
An exception was the V8 growth stage of soybeans in 1983, when 
plants at the low WT site were taller than those at the medium and high 
WT sites. Similarly cowpea 49 DAP in 1983 was found to produce 
the shortest plants at the medium WT site. 
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Table 1. Plant height  (cm) of  soybeans and cowpea at given physiological stages 

Plant height (cm) at given table depth 

Physiological 
Year Crop stage Low Medium High 

1983 Soybean 

1984 

Cowpca 

Soybean 

Cowpea 

V 3 - V 4  31 a 29 b 30 b 
V8 55 a 47 b 48 b 
R 2 - R 3  92 b 90 b 97 a 
49 DAP 34 a 26 b 35 a 

V7 42 b 43 b 47 a 
V9 68 b 68 b 72 a 
R2 97 b 99 ab 100 a 
28 DAP 24 b 25 b 31 a 
35 DAP 36 b 35 b 46 a 
53 DAP 51 b 51 b 57 a 

Values within the same row when  followed by the same letter do not  differ significantly at the 
5% level of  probabil i ty (Duncan 's  Multiple Range Test). 

Root length density (m m-3) 
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Fig. 3. Effect  o f  water table depth  on root  length density of  soybean during vegetative growth,  
1983. x - Low WT; z~ _ Medium WT; o - High WT. 

Root growth 
Root growth of  soybeans was measured at V 3 - V 4 ,  V8, R 2 - R 3  and 

R 6 - R 7  growth stages in 1983 (Figs. 3 and 4), and V9 growth stage in 



200 H U L U G A L L E  AND LAL 

s 

0113 

0 2 0  

0 3 0  

0 4 0  

v05~ i 
O -  

rm  

O2O 

04D ! 

O60" 

08~  

2000  

Root length density (m m-5 ) 

4oo0 ~xx) s,oco o,090 o 2000 40,00 6000 

LSD (0 05)  LSD (005)  

Growth stage = R2 - R5 

Growth stage = R6 - R7 

Growth stage = R 2 -  R5 

\ 
Growth stage = R6-R7 

WifNn - row Between - row 

Fig. 4. Effect of water table depth on root length density of  soybean during reproductive 
growth, 1984. x - Low WT; a - Medium WT; o - High WT. 

1984 (Fig. 5). Some general observations made with respect to the root 
growth patterns of  soybeans are explained below. 

Root length density in the 0 - 0 . 1 0 m  depth interval during 1983 at 
the high WT site was greater than those at the low and medium WT 
sites. Root growth at other depths did not show any differences until 
cessation of  rain in the late July. This, however, was the reverse of  that 
observed in 1984, where significant differences in root length density 
were found only in the 0 .20-0 .30  m and 0 .30-0 .40  m depth intervals. 

Root growth measured at R 6 - R 7  growth stage in 1983 and V9 
growth stage in 1984 indicated that roots in the low and medium WT 
sites were unable to penetrate into the deeper soil whereas those at the 
high WT site grew into the capillary fringe above the WT. The occur- 
rence of  a gravel layer of  high strength at the 0 .30-0 .40  m depth inter- 
val in the low and medium WT sites, and the absence of  such a layer 
at the high WT site is likely to have been responsible for this pattern 
of  root growth. (Penetrometer resistance at the 0.35 m depth at the 
low, medium and high WT sites in 1983 was > 440, > 440 and 220 
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Fig. 5. Effect of water  table depth on too th  length density of soybean during vegetative 

growth, 1984. x - Low WT; zx _ Medium WT; e - High WT. 

kPa, respectively (LSD (0.05) -- 29)). Soil water contents measured 
simultaneously at the low, medium and high WT sites were 7.9, 8.4 
and 8 .2m 3 m-3%, respectively). Such 'gravel' layers are known to 
retard crop root  growth in the deeper soil horizons 1'2' 19 

The proliferation of  roots in the capillary fringe suggests that soy- 
bean plants at the high WT site were utilizing the WT as a source of  
water during the rainfree period. 

Root  length per unit area within the plant row was at all times 
greatest at the high WT site during 1983 and 1984 (Table 2). Between 
the plant row this occurred in 1983 only during early vegetative and 
late reproductive growth. 

Twenty-eight DAP in 1983, root  length density of  cowpea in the 0 -  
0 .10m depth interval within the plant row at the high WT site was 
greater than that in the low WT site (Fig. 6). In the 0 . 1 0 - 0 . 2 0 m  depth 
interval, root  length density was greater than those at the low and 
medium WT sites. These differences were reflected in the root  length 
per unit area within the plant row (Table 2). For ty  DAP in 1984, 
cowpea root  length density in the 0 - 0 . 1 0 m  depth interval within 
the row at the high WT site was greater than that at the medium WT 
site. Significant differences were not  found at other depths. Con- 
sequently root  length per unit area did not  differ among treatments. 

Root  growth of  cowpea measured with the trench-profile method in 
1983 was expressed as total number of  roots per 0.75 x 0 .50m.  Root  
numbers at the low, medium and high WT sites were found to be 
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Table 2. Root length per unit area, L A (m m -2 ) of soybean and cowpea during 1983 

L A at given WT depth 

Physiological 
Year Crop Site stage Low Medium High 

1983 Soybean Within row 

Between row 

V3-V4 843b 822b 1150a 
V8 1040c 1400b 1700a 
R2-R3 1910b 1840b 2290a 
R6-R7 1240b 1070b 3190a 

V3-V4 442c 624b 967a 
V8 355a 286a 338a 
R2-R3 I010a 1230a 1270a 
R6-R7 711b 563b 1730a 

Cowpea Within row 28 DAP 416b 354b 572a 
Between row 28 DAP 374a 210b 287ab 

1984 Soybean Within row V9 1230b 1024b 1630a 
Between row V9 625ab 501b 694a 

Cowpea Within row 40 DAP 1040a 1060a 1210a 
Between row 40 DAP 537a 502a 505a 

Values within the same row followed by the same letter do not differ significantly at the 5% 
level of probability (Duncan's Multiple Range Test). 

58, 39 and 63, respectively (LSD (0.05) = 9). The maximum depth 
of rooting at the high, medium and low WT sites was 0.34 m, 0.28 m 
and 0.48m, respectively (LSD (0.05) = 0.04). Furthermore, cowpea 
roots were not observed within the capillary fringe at the high WT 
site, and therefore, did not make use of the available water there. 
This implies that under similar growth conditions soybean would 
tend to suffer less from water stress. 

At no time did air porosity of the soil approach the limiting value 
of 10% 12 . The highest WT depth reached during the experiment was 
0.43 m at the high WT site on 17 June, 1983. At this time air porosity 
in the 0 .30-0 .40m depth interval was 22.1%. The influence of poor 
soil aeration on determining root growth patterns during this experi- 
ment can therefore be neglected. 

Regressions of maximum rooting depth (Y) with gravel concen- 
tration (%) in the 0 .40-0 .50m depth (X1) and depth (m) to water 
table (X2) are shown in equations 1-3 for soybean and 4 - 6  for 
cowpea. 

Y = 0.70-7.68 x 10 -3 Xl ;r  = - - 0 . 7 7 " *  (1) 

Y = 0.61-0.13 X2;r  = 0.21 (2) 
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Y = 0 .60-8 .69  x 10 -a X~ + 0 . 1 5 X 2 ; R ;  = - - 0 . 7 8 *  (3) 

Y = 0 . 4 6 - 3 . 1 4 x  10 -3 X 1 ;r  = --0.70** (4) 

Y = 0 .47-0 .09  X2 ;r  = --0.45 (5) 

Y = 0 .43-2 .79  x 10 -3 Xa + 3.70 x 10 -2 X 2 ; 
R 2 = --0.70* (6) 

Maximum depth of  rooting was found to depend mainly on the occur- 
rence of  a gravel layer. Water table depth did not influence maximum 
depth of  rooting during this experiment. Previous studies 9,1~ have 
suggested that water stress in hydromorphic  toposequences was due 
entirely to the fluctuations of  the water table. The present results 
indicate however, that edaphic factors such as gravel concentration 
by influencing crop root growth patterns play a major role in deter- 
mining the occurrence o f  drought stress in these soils. 

Evapotranspiration 
Evapotranspiration was determined for soybean and cowpea during 

periods when precipitation was negligible, following the soil water 
balance equation: 

P = R + D + E t + A S  (7) 

where P is precipitation, R is runoff,  D 1 is deep drainage, E t is 
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evapotranspiration and AS is change in soil water storage over the root 
zone 8. As rainfall was either absent or negligible during the periods 
under consideration, runoff and drainage 1 could be eliminated from 
the equation which then reduces to: 

p = E t + A S  

Evapotranspiration of soybean was determined for the periods 18 
July-1 August and 1-28 August 1983, and 17 October-1 November, 
14-23 November and 23 November-7 December, 1984 (Table 3). 
During 18 July-1 August, 1983 evapotranspiration did not differ 
significantly among the soybean plants at the 3 water table sites. 
The Et/Eo ratios for this period further indicate that the plants 
were not suffering from water stress. During 1-28 August 1983, 
however, evapotranspiration at the high WT site was greater than 
those of  the plants at the low and medium WT sites. Uptake of  water 
by the roots in the capillary fringe of the high WT would be responsible 
for this difference. The Et/E o ratios at all three WT sites were, however, 

t Measurements on an adjacent exper iment  indicated tha t  upward flux into the root  zone was 
negligible in these soils due to low unsaturated hydraul ic  conductivi ty.  



ROOT GROWTH IN HYDROMORPHIC TOPOSEQUENCES 205 

Table 3. Total water use (Et), potential evapotranspiration (E o) and relative water use (Et/ 
E o) of soybean and cowpea 

Water 
table 

Crop Time period depth g o (mm) E t (mm) Et/E o 

Soybean 18 July-1 August, Low 59.6 51.2a 0.86a 
1983 Medium 59.7a 1.00a 
(R3-R4)  High 55.7a 0.93a 

1 -28  August, 1983 Low 137.3 16.9b 0.12b 
(R4-R6)  Medium 15.0b 0.11b 

High 30.6a 0.22a 

Cowpea 6 19 October, 1983 Low 110.8 32.3a 0.29a 
(21-35  DAP) Medium 33.3a 0.30a 

High 31.5a 0.19a 

Soybean 17 October-1 November Low 75.9 69.8b 0.92b 
1984 Medium 68.9b 0.91b 
(V10-R2)  High 114.9a 1.51a 

14-23 November, Low 75.9 40.0b 0.53b 
1984 Medium 42.0b 0.55b 
(R4-R5)  High 51.7a 0.68a 

Cowpea 23 November-7 December, Low 86.5 12.3b 0.15b 
1984 Medium 15.5b 0.18b 
(R6-R7)  High 42.0a 0.49a 

17 October-1 November, Low 75.9 49.6b 0.65b 
1984 Medium 48.5b 0.64b 
(47-61 DAP) High 63.8a 0.84a 

Values within the same column for a given time period followed by the same letter do not 
differ significantly at the 5% level of probability (Duncan's Multiple Range Test). 

much less than 1, indicating that all plants were suffering from water 
stress. Uptake from the capillary fringe of  the high WT site was there- 
fore insufficient to meet the evapotranspiration demand at that time. 
This may be due to high axial resistance in the soybean roots at 
depths 1a,21 . 

During 17 October-1  November 1984, evapotranspiration of  soy- 
bean plants at the high WT site was greater those at the low and 
medium WT sites. Et/E o values for this period indicated, however, 
that none of  the plants at any WT site were suffering from water 
stress. Similarly during 1 4 - 2 3  November 1984, evapotranspiration 
of  plants at the high WT site was greater than those at the low and 
medium WT sites. Et/E o values indicated that all plants were suffering 
from a moderate degree of  water stress. Evapotranspiration measured 
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during 23 November-7 December showed that soybean plants at the 
high WT site were using more water than those at the low and medium 
WT sites, respectively. Furthermore EUE o values indicated that plants 
at the latter sites were suffering from a high degree of water stress, 
whereas those at the high WT site were subjected to only a moderate 
water stress. 

Evapotranspiration of cowpea was determined for the periods 6 -19  
October and 19 October-7 November 1983 and 17 October-1 No- 
vember 1984. During 6 -19  October, 1983 evapotranspiration did 
not differ among plants at the 3 WT sites. The low Et/E o values suggest 
however that all plants were stressed. Evapotranspiration of cowpea 
plants at the high WT site during 19 October-7 November, 1983 was 
greater than those at the low and medium WT sites. The extremely 
low Et/E o values indicate however that all cowpea plants were sub- 
jected to a high degree of water stress. During 17 October-1 Novem- 
ber, 1984 evapotranspiration of cowpea plant at the high WT site was 
greater than those at the low and medium WT sites. The Et/Eo values 
indicate that whereas those cowpeas at the high WT site were un- 
stressed, those at the low and medium WT site were moderately 
stressed. 

The data obtained on the comparative evapotranspiration of soybean 
and cowpea indicates that the deeper rooting habit of both species 
at the high WT site results in plants at this site suffering a lesser degree 
of water stress. 

Grain and top yield 
Grain yield of soybean in 1983 was not affected by the different WT 

depths (Table 4). During 1984 however, grain yield from soybean plots 
at the high WT site was greater than those at the low and medium 
WT sites. Grain yield of cowpea grown at the medium WT site in 1983 
was lower than those at the low and high WT sites. There were no 
yield differences between WT depths in 1984. 

Top yield of soybean in 1983 did not differ among WT depths. 
Extensive lodging of the soybeans occurred during the season and 
may have contributed to the lack of response. During 1984, however, 
top yield of soybean grown at the high WT site was greater than those 
grown at the low and medium WT sites. Top yield of cowpea grown 
at the high WT site in 1983 was greater than those grown at the low 
and medium WT sites. Top yield of cowpea did not differ among WT 
depths in 1984. 

The similarity among WT depths of cowpea top and grain yield 
in 1984 can be attributed to the fact that due to the more extensive 
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Table 4. Oven-dried grain and top yield of soybeans and cowpwea 

207 

Grain yield Top yield 
Year Crop Water table depth (t ha -1 ) (t ha -1) 

1983 Soybean Low 1.0a 10.3a 
Medium 0.9a 8.9a 
t ligh 1.2a 10.6 a 

Cowpea 

1984 Soybean 

Cowpea 

Low 0.3a 0.6b 
Medium 0.2b 0.5b 
ttigh 0.3a 0.9a 

Low 1.0b 3.1b 
Medium 1.4b 3.5b 
High 3.3a 6.8a 

Low 0.7a 1.0a 
Medium 1.0a 0.8a 
High 0.8a 1.0a 

Values within the same column for a given crop for any one year followed by the same letter 
do not differ significantly at the 5% level of probability (Duncan's multiple range test). 

rainfall, plants at all locations did not suffer from serious water stress 
(Table 3). This however was not the case in 1983. 

Conclusions 

1. Poor soil aeration was not a limiting factor in this study. 
2. Root growth into the deeper soil horizons at the low and medium 

WT sites was prevented by a compacted gravel layer at the 0 . 3 0 - 0 . 4 0  m 
depth interval. The absence o f  this later at the high WT site meant that 
root growth and proliferation of  soybean occurred to the capillary 
fringe. Cowpea roots although growing deeper than at the low and 
medium WT sites, did not reach the capillary fringe. 

3. Greater evapotranspiration and higher Et/E o values were shown 
by the crops grown at the high WT site. This was primarily due to the 
exploitation of  a greater soil volume. 

4. Utilization o f  the WT at the high WT site as a source o f  water by 
the soybean indicates its potential as a sub-irrigation system. Late 
season dryland cropping of  soybean could be a viable enterprise in 
such a situation. Cowpea, however, would not be a suitable choice. 
Additional work is required therefore to identify crop species and 
varieties which are potentially deep rooted and have high root growth 
rates; characteristics which would enable maximum utilization o f  the 
WT. 
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