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ABSTRACT

The effect of controlled irrigation regimes at 25 , 50 and 75% available soil
moisture depletion on some growth characterislics and water consumptive use by
three soybean cultivars (Clark, Williams and Crawford) was studied during 2000 and

2001 seasons.

Increasing soil moisiure depletion before irrigation significantly decreased plant
height, leaf area /plant, dry matter accumulation and relative growth rate throughout
of the growing season. Wherever specific leaf area and leaf area ratic were
significantly affected by moisture stress only after 7 week from planting. Cn the other
hand, root / lop ratio increased with increased scil moisture deplelion. Crawford
cultivar surpassed significantly in plant height, dry matter accumnulation, leaf area,
specific leaf area and leaf area ralio, while Williams was superior in root / top ratio. As
well as relative growth rate.

Waler consumptive use decreased as moisture deplelion increased. Crawford
cultivar consumed more waler compared with Clark and Williams cultivars. Clark,
Williams and. Crawtord cultivars waler consumptive use were 45.3, 44.6 and 53.0 cm
in 2000 season and 44.5, 33.4 and 45.3 cm in 2001 season, respectively. The cubic
meter of capillary water produced 0.52, 0.53 and 0.44 kg seeds in 2000 and 0.40 ,
0.42 and 0.39 kg seeds in 2001 for irrigation at 25 , 50 and 75 % soil moisture
depletion, respectively. Clark cultivar was more efficient in utilizing soil moisture
followed by Williams and Crawiord cultivars.

INTRODUCTION

Knowledge of how different factors influence the time and rate of dry
matter accumulation in different parts of any crop plant is basic to the
development of improved varieties and to increase crop yields through
fmproved cultural practices. Literature for soybean (Glycine max, L. Merr.)
with quantitative determination of difference among plant varieties in their
reaclion to soil moisture stress is limited (Mason et af, 1881). Some
investigators reported that limited scil water potential influenced soybean
performance by reducing plant height, size of assimilating leaf area and dry
matter accumulation, but the root / top ratio was increased (Momen ot a/,
1979 and Hudak and Patterson 1995). Morever Adiei-Twum and
Splittstoesser (1976) and Mason ef al. (1981) they found that photosynthetic
efficiency and leaf number were greatest at four bar leaf water potential. Leal
area, number of internodes, plant height and dry weight of different plant
parts decreased as leaf water potentiai changed from 2 to 19 bar. Sivakumar
et af (1977) and Mohamed et al. (1994) reported that leaf dry matter reached
to the maximum levels at 79 days after planting. while leaf area index and
roat / top ratio reached to the maximum levels at 86 days after planting.
Meanwhile crop growth rate was higher during ped filling stage than at any
other stages.
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Evepotranspiration measurements give better estimates of irrigation
water requirements, Ccnsequently, water requirement must be carefully
determined. Tanner et al. (1960) reported that the capillary movement of
water to the soil surface limits evaporation as the soil surface dries. Israelsen
and Hansen (1962) and Kanemasu et al. (1976) reported that, roots of plants
in moist soil extract more water than roots of the same plants grown in the
drier soil. In normal irrigation practice, values of 40, 30, 20 and 10 % from
the surface , second, third and fourth feet of soil, respectively, will be
extracted to provide the consumptive use for plants. Russell ef al (1973)
demonstrated that rate of water can move through the soil to the roots
decreased as the soil dried due to rapid drop in the capiliary conductivity of
the scil. Brady et al (1974) and Konam ei /. {1994) found that water use
efficiency was highest when irrigation was given at 60-65% soil meisture
depletion. Doss and Thurlow {1974} and Rondall et al (1982} found the
average rates of water use efficiency by soybean to be from 0.05t0 0.84 cm /
day depending on the amount of the available water in the soil. The objective
of this study was to relate growth characteristics and soil moisture stress,
simultaneously, at different growth stages and attempted to provide
quantitative data for analyzing growth patterns of soybean plants in field
environments and for determining water consumptive use and water use
efficiency by some soybean cultivars.

MATERIALS AND METHODS

Two field experiments were layed out at the Experimental Farm of
Faculty of Agriculture, Cairo University, Giza during the two seasons 2000
and 2001. - :

The cultivars used were Clark and Wiliiams {early maturing varieties)
and Crawford (medium maturing varieties). Three irrigation regimes i.e.
irrigation at 25, 50 and 75 percent available soil moisture depletion were used
in both seasons.

A split-plot design with four replications was used with irrgation
regimes as main-plot and cultivars as sub-plots. The sub-plot area was 14.7
m’. Seeds were sown on 9" and 16™ of May in 2000 and 2001,
respectively. The common known (Herati} method of sowing was used.
Seeds were drilled in rows 60 cm apart . Forty kg N / feddan in the form of
Ammonium sulfate (20 % N) was added two times in equal rates, the first at
sowing and the second three weeks after sowing. Water was controlled and
measured volumetrically using a big tank having a continuous water flow.
irrigation water was measured by a calibrated water meter. The first irrigation
took place 21 days after sowing using equal amounts of water for each sub-
plot, after which the three irrigation regimes under test were practiced. Water
was add when plants consumed approximately 25, 50 and 75 percent of the
available moisture within the root zone. Soil water contents were measured
gravimetrically at several times to predict time of irrigation, also to compute
the amount-of irrigation water. Soil samples were taken at three depths i.e. 0-
20 , 2040 and 40-60 cm. lrrigation water was applied by raising the soil
moisture to its field capacity when it reached the available soil moisture
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depletion. Some soil mechanical and chemnical characteristics of the plot area
are listed in table 1.

Table 1: Mechanical, chemical analysis and some physical properties of
the soil.

Chemical
Mechanical, analysis
analysis | Available | Depth Field Welting | Available| Bulk

{ppm) cm_|Capacity %| % water | density
pH 81| N |483 ] 0-20 47.46 25.95 21.81 1.18
Sand | 218 | P |129| 20-40 35.48 19.28 16.20 1.28
Silt | 30.4| K |200.0| 40-60 34.49 18.74 15.75 1.33
Clay | 47.7

Physical properties

The growth attributes, i.e. relative growth rate (RGR-g/g/week),
specific leal area (SLA)and leaf area ratio (LAR) were computed according
to the following formulae (Watson, 1985).

RGR = Log, W, - Log, Wit -ty

SLA = Leaf area (cm®) / Leaf dry weight (g)

LAR = Leaf area {cm?) / plant dry weight {g)
Where W, A, and W, A respectively, refer to dry weight and leaf area at
time t; and t; in weeks.

Only three rows out of the central five rows devoted for yield determination
were sampled. Ten random guarded plants from each sub-plot were
separated into leaves, stems and roots. Plant fractions were washed, dried at
80°C and weighed.

Water consumptive use (U} and soil moisture percentage (S} for each
depth (20 cm} were determined according to Israelsen and Hansen (1962) as
follows:

U=(e;-e}/100 x D, x d x 42008

S = (e; — &) for each depth / (e, —e,) for all depths x 100
Where e and e; = soil moisture percent before and after irr;;ation,
respectively. d = depth of irrigation. Dy = bulk density ingm/cm™ of the
choice depth.

Water use efficiency in kg seeds / m’ was calculated by the following
formula

Seed yield (kg/feddan) f Water consumptive use (m*ffaddan)

At the end of both seascns, means of the traits studied were subjected to
analysis of variance, where they were compared by L.5.D. method at 0.05
level of significance, according to Sendecor and Cochran (1981).

RESULTS AND DISCUSSION

A- Growth characteristics

Results in table 2 indicate the significant effect of bath soil moisture
stress and cultivars on plant height in both seasons. Plant height was
depressed by increasing soil moisture depletion. The shortest plants resulted
from irrigation 75% depletion. Such results may be interpreted by the fact rate
of cell enlargement and stem elongation can be inhibited by water deficits.

4275



Soaliman, Mona A.M.

Similar resuits were obtained by Momen et al. (1979) and Hudak and
Patterson (1995).

Crawford had the tallest plants among cultivars foliowed by Clark and
Williams indicating that it was more tolerant to drought. The moisture stress x
cultivars interaction was not significant.

Moisture stress ftreatments had a significant effect on dry matter
accumulation at all sampling dates in both seasons Table 3 and 4. Drought
critically decreased dry matter accumulation. Such effect was maore
pronounced as the plants advanced towards maturity. This may be attributed
to the fact that mineral nutrient uptake is frequently reduced to a considerable
degree in stressed plants, which in urn reduced photosynthetic efficiency and
cansequently dry matler accumuletic. These results agree with those by
Adjei-Twum and Splittstoesser {19786), Sivakumar et al. (1977} and Mohamed
et al. {1994).

Cultivars exhibited significant differences only at the first and second
sampling dates of 2001 season Table 4. Crawford accumulated mare dry
matter than' the other two cuitivars. Significant moisture stress x cultivars
interaction was recorded at ail sampling dates in 2001. Crawford was the
most tolerant cultivar to drought throughout the growing season.

Table 2: Soybean plant height at harvest time in 2000 and 2001 seasons.

2000 [ 2001
Cultivars Available soil moisture depilation %
25 ] 50 | 75 [MeanlL.S.00.05 [ 25 | 50 [ 75 IMean|L.S.00.05

tl:viark 04.3/83.7 749 | 86.0 789 | 77.3[75.0] 772

iliams 183.3 78.7 | 765 | 795 | ,, | 7486186 554/639 | .,
Crawford [93.6]90.9 | 854 | 89.9 ' 90.3 | 886 [88.4| 90.6 '
Mean 190.4] 86.1 | 78.9 85,1J 82.6 | 76.1 112.9 77.2

L.S.D 0.05 | 76 | 5.4 E
W.S. x CVS LSD.6% n.s. n.s.

in both seasons, root / top ratio significantly increased as the
gvallable soil moisiure depletion increased and such effect was more
pronounced at the early stage of growth. Table 3ano 4 Similar resulted were
obtained by Sivakumar et al. (1977).

Williams had the highest root/ top ratio at all sampling dates in bath
seasons. Root / top ratio decreased as plants advanced towards maturity.
The moisture stress x cultivar interaction was significant throughout the
growing season of 2001. The highest ratio resulted from Crawford when
irrigated at 75% moisture depletion indicating its tolerance to drought followed
Clark and Williams in a descending order.

A gradual decreased in leaf area /plant as available soil moisture
depletion increased was recorded.

Differences were significant at all sampling dates Table 4 this may be
due to a decreased in water absorption as well as nutrient uptake. Adjei-
Twum and Splittstoesser {1976) and Sivakumar et al. (1977) obtained similar
results.

Crawford surpassed significantly Clark and Williams in leaf area
throughout the growing seasaon. Leaf area in all cultivars increased with age.
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Table 3: Dry matter accumulation and root / top ratio in 2000 season.

45 days after planting 66 days after planting—’

Cuitivars Available soil moisture depilation %

25 50 75 Mean LSDQO5 ] 25 50 75  Meank.S.50.05

Dry matter soil accumulation / plant {gm)
Clark 111 72 61 8.1 576 385 287 4186
Wifliams 80 75 61 75 727 381 294 471
Crawford | 7.4 59 48 6.1 629 277 148 369 "%
Mean 81 68 57 72 |644 351 260 418
L.S.D0.05 0.9 78
W.S. x CVS L.S.D.5% ns. n.s.
Root / top dry weight ratio

lark 0.17 019023 020 14 0.15 0.18 0.15
Williams 017 018026 0.20 0.14 0.16 0.18 0.17 0.011
ICrawford | 0.15 0.16 0.18 0.16 0.13 0.14 0.18 0.15 )
Mean 0.16 0.18 0.23 0.19 0.14 015 0.17 015
1.5.D0.05 | 0.021 0.009
W.S. x CVS L.SD.5% ns. n.s.

Table 4: Dry matter accumulation, root / top ratio and leaf area / plant in
2001 season.

" Days after planting 1
& 82 83 97
-._E Available soil moisture depilation %
v 25 50 75  Mean Lssﬂ/ﬂ 25 50 75 Mean'L;};ﬁD hs 50 75 Mean L'SS:,,;D
Dry matter soil accumulation / plant (gm)
wark 208 205 185 199 3.4 275 213 267 S6.6 487 316 458
iams | 19.6 133 124 151 o 459 254 207 308 , 622 34 270 412
Crawford | 328 227 203 253 “° 436 373 323 377 ° 632 536 421 530
ean 244 188 170 201 403 2089 248 N7 607 456 336 468
.5.D5% 31 37 86
.S x CVS L.SD 5% 4.2 Bl 1.3 30
Root/ top dry weight ratio |
fark 3106 0115 0.128 0116 6.096 0111 0.137 0108 0.085 0091 0.101 0092
Williams 0084 ¢ 108 0.116 €05 9073 0081 0.098 DOBI . 072 0077 0.083 0077 .,
Icrawford (0084 0098 G143 0110 ' 0084 £101 9,112 0099 0082 0.100 0109 0.979
Mean  |0.095 0.103 0.131 0.110 0.084 0098 0106 0 096 0.079 0089 0097 0.088 i
8.05% | 0.008 0.005 0003
W S x CVS LS.D §% 0.009 B 0.007 0.008
Leaf area / plant dc*
iClark 1938 12.96 10.97 1444 19.96 16.40 13.24 16.56 2179 18.58 14 05 18.19
Wiiilams |1874 1256 11.48 1428 g 2011 1425 1254 1563 . 2229 1519 13.22 1690 , .,
Crawford |36.47 26.79 17.48 26.91 °° 4805 3876 2705 38.22 ' 5724 46.12 37.04 4660
ean 2486 17.43 12.30 1B8.52 2964 2316 17.61 23 47 3377 26.63 2144 27 28
L.S.D5% 342 358 2.8
5. x CVS LS.D 5% 4.17 ] 531 n.s.

The interaction had a significant effect on leaf area at the first and
second growth stages in favors of Crawford irrigated at 25 percent available
soil moisture depletion. The depressing effect of drought was more
pronounced in Crawford at the early stages of growth than the other two

cultivars.
Results in tabt

e 5 indicated that RGR seemed to be quite sensitive to

moisture stress, because it gradually decreased as soybean plants were

4277



Soliman, Mona A.M.

subjected to drought. The differences between 50 and 75 % available soil
moisture depletion were not significant in both season. RGR increased as
plants advancad towards maturity. Such results may support the effect on dry
matter accumulation. Similar results were obtained by Sivakumar et a/ (1977)
and Mason et al. {1981}

Table 5: Relative growth rate (RGR), Specific leaf area (SLA]) and leaf
area ratio ILAR).

‘ w Avallabie s0il moisture depilation %
| F 25 50 75 Mean 50
J 3 (45-868) days {2000) (62-83) days (2001} {83.97) days {2001)
RGR g/l g!week

tark 067 G55 053 058 013 009 003 009 028 627 028 025
iliams | 0.68 055 053 0.58 . 030 017 017 021 ., 015 013 013 Ct4 o
rawford | 076 051 046 056 — G118 015 014 0I5 ° 020 048 013 Q.17 T
Mean ]u,n 0S54 051 058 020 014 011 015 021 020 015 (.19
.5.D5% 0.05 0.04 ns.

W.5 x CVE LSD 5% n.§

2205 1995 1600 202.3 2080 2430 2220 2243 228.0 2120 2180
281.0 230.5 2275 2463 132 219.0 2500 2730 2373 19 2340 2580 2440 2450 24.2
2690 3105 250.7 2794 © 2640 317.0 298.0 303.0 M0 M0 2280 1180 )
2568 2468 2254 243 2403 270.0 2543 254.8 2510 258.0 2810 2600

S3.05% .l rn.s. n.s.

S x CVWS LSD. 5% 82 J ns n.s.

LAR cm’}
939 €35 508 723 647 807 811 8272b 403 387 d45 415
938 93§ ©ED 962 16.3 440 557 611 339b t 353 455 4D 433 8.7
1263 118.0 BEY 1102 "~ 1139 1045 834 1Q0D6Ba 2 9065 875 BAS B84 ’
10684 g1.7 806 829 742 739 685 722 554 574 AD7? 5738
| 8.4 n.s. ns.
.S % CVE LSD 5% 53 8.7 n.s.

Difference in RGR among cultivars were significant in only 2001
season. Willlams showed the highest RGR during the first period (62-83
days), while Clark was superior in the second period (83-97 days) after
planting. Significant moisture stress x cultivars interaction was absent in both
seasons, hrigation regime had no significant effect on SAL or LAR at all
stages, except at 62 days after planting, where such traits decreased
progressively with increasing soil moisture depletion, indicating that water
deficits critically affected both welght and size of the assimilating leaf area.

Crawford significantly surpassed Clark and Williams in SLA and LAR at all
growth stage in both seasons. Clark lowest in this respect. The moisture
stress x cultivars interaction had a significant affect on SLA at the first
sampling date and LAR at the first two sampling dates.

B- Water relations:

The knowledge of water consumptive use is a prerequisite for proper
scheduling of irrigation and improving irrigation practices. it is evident from
table € that water consumptive use graduaily increased as the availability of
s0il moisture increased in the root zone. This could be expiained on the basils
that at 25% moisture depletion there was a more luxuriant use for water,
which Lltimately resuited in increased transpiration. On the other hang, the
sparsely spaced irrigation in the case of 75% depletion resufted in poor
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growth, with small leaf area for transpiration, but it undoubtedly gave more
support to losses by soil surface evaporation. The present resuits confirmed
those Doss and Thuriow (1974) and Rondal! e af (1982).

Crawford had the highest value of water consurnption, while Clark and
Williams were nearly the same in this respect. It seems that water
consumptive use was highly relaled to variation in length of growing season.

Figure 1 indicates that most of the water consumed by soybean plants
was removed from the upper 40 cm. 1L is clear that water consumption from
the first layer (0-20cm) decreased with increasing soil moisture depletion
before irrigation compared with the second and the third cnes, where water
consumption increased with increasing soil moisture depletion. This means
that plants tented to extract their water requirements from deeper soil layers
as soil maisture content of the surface soil layer decreased as a result of
drought during the growing season. Similar results obtained by Brody ef al.
{1974) and Kortam et al, (1954).

Efficiency of waler use may be used as a criterion far establishing the
relation between water evapotranspiration yleld preductions of different
cultivars as influenced by soil mcisture stress. Results in Table 5 indicated
that best water use efficiency for seed production was attained when plants
were irrigated at 50% moisture depletion. Clark was more efficient utilizing
available water followed by Williams and Crawford. It was previously found
that the highest seed resuited from irrigation at 25 percent soil moisture
depletion. However, the greatest water use efficiency was obtained at 50%
percent followed by 25 percent soil moisture depletion. These results are
similar to those obtained by Brady ef al. (1974) who concluded that water use
effciency was when irrigation was given at 60-65 percent soil moisture
depletion.

The results obtained in this investigation that limited soil moisture critically
influenced performance of soybean plant by reducing its highest, weight and
size of assimilating leaf area and dry matter accumulation. The interaction
between moisture stress x cultivar would indicate that cultivars responded
differently 1o water stress. The results suggest that for best growth and water
use efficiency soybean should be irrigated at 25-50% available scil moisture
depletion,

Table 6:Water consumptive use (cm) and water use efficiency in kg
seeds / m’ water.

2000 season 2001 season
Available soil moisture depilation
Cultivars |55 55— Gan. 25 5 75 cah

Water consumptive deple

tion %
.8

Clar! 43 421 395 453 520 435 445
Williame [502 455 3B86 446 485 427 g8 43.4
Crawford 651 503 435 530 68.1 51.4 43.2 543
| §6.3 460 403 4786 56.2 46.0 39.9 47 4
Water use efficienc

Cla 0.57 i .46 5 X 04 04 0.4
Williams (058 050 048 052 047 041 0.26 0.41
Crawford (041 047 044 044 031 037 0.35 0.34

052 Q53 046 050 040 D42 0.3% 0.40
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Clark
e e — - 60
M (0-20) cm. depth
[0 {2040) cm. depth
[1t40-60) cm. deptn

soil moisture

Williams

':l (0-20) cm depth
‘0 {20-40} cm depth
O (4040) cm depth|

soil moisture

Crawford

. ® {0-20) em. depth
i [31{20-40) cm. depth
i 0 (40-60) em. daepth

soil moisture

Fig. (1): Soil moisture extraction patterns as influenced by soil
moisture depletion and cultivars in 2001 seasons.
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