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Water deficits during reproductive growth
of soybeans. I. Their effects on dry matter
accumulation, seed yield and its components

JM Andriani, FH Andrade *, EE Suero, JL Dardanelli

EEA Balcarce, Instituto Nacional de Tecnologia Agropecuaria (INTA), Facultad de Ciencias Agrarias,
Univ Nac de Mar Del Plata, CC 276, (7620) Balcarce, BS AS, Argentina

(Received 4 July 1990; accepted 30 June 1991)

Summary — The objective of this study was to determine the effect of water deficits during the reproductive period of
an indeterminate soybean (Glycine max (L) Merr) crop on growth, seed yield and its components, and to establish
whether the R,-R, or the R;—Rg 3 period was the most sensitive to drought. Group maturity Ill cultivar Asgrow 3127
was planted in the 1986—1987 and 1987-1988 growing seasons on a loamy soil (typic argiudol). The trial consisted of
3 deficiency treatments starting with 50% of soil-available water at the soil depth explored by the roots at the time of
initiation, and with a control (ll) constantly maintained at > 50% of soil available water. The treatment drought periods
were: 0l) from R, to Ry; 10) from R4 to Rg 3; and 00) from R, to R4 and from R, to Rg 3. Plots were individually irrigated
and during the drought periods protected from rainfall with plastic covers. The control treatment (ll) had greater dry
matter production than Ol and 10, and these 2 treatments produced more dry matter than 00. Drought from R, to R,
decreased leaf area production and drought from R, to Rg 5 accelerated leaf senescence. Leaf area index was related
to percent solar radiation interception showing a critical LAl of = 5.5. Consequently, water deficits affected solar radia-
tion interception. The reduction in PAR intercepted by the crop due to water deficits was no greater than 12%. The uti-
lization efficiency of the intercepted PAR that ranged from 1.5-1.9 g per MJ was clearly affected by the drought.
Drought during the first period affected the vegetative growth with little effect on seed yield. This effect was reflected
on harvest index and on dry matter remobilization efficiency. On the other hand, the reduction in crop growth rate in-
duced by drought during the R,~Rg 3 period was associated with important decreases in the number of reproductive
structures per unit area as well as in total vegetative dry matter. The number of pods/ha was the yield component
most affected by the treatments. For Ol, the number of seeds/pod and the weight of the seeds compensated the re-
duction in number of pods, relative to the control.

water deficit / Glycine max (L) Merr / dry matter production / seed yield / yield component / harvest index / leaf
water potential / leaf area index / interception of radiation

Résumé — Déficit hydrique durant la phase reproductive du soja. . Ses effets sur I'accumulation de la
matiére séche, le rendement en grain et ses composants. L'effet d'un déficit hydrique durant la phase reproduc-
tive du soja a été étudié pendant 2 ans dans une expérience en conditions contrélées en plein champ. Les traite-
ments ont consisté en : ll) un témoin irrigué, et 3 périodes d'imposition de sécheresse, a savoir : 0l) sécheresse de R,
a Ry, 10) sécheresse de Ry a Rg 3; et 00) sécheresse de R, a R, et de Ry a Rg 5. Le témoin irrigué produisit une moy-
enne de 12 t de matiére séche/ha et 5 t de grains/ha. Une sécheresse imposée de R, a R, provoque une réduction
de la surface foliaire et de la croissance végétative, avec seulement un léger effet sur le rendement en grain. Au con-
traire, une sécheresse imposée entre Ry et Rg 5 diminue la production de matiére séche végétative et de graines. Le
nombre de gousses/m? est la composante du rendement qui est la plus affectée par les traitements. En général, une
augmentation du poids des graines compense dans le rendement la réduction du nombre de gousses.

déficit hydrique / Glycine max (L) Merr / production de matiére séche / rendement en graines / composantes
du rendement / indice de récolte / potentiel hydrique de la feuille / indice de surface foliaire / radiation inter-
ceptée

* Correspondence and reprints
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INTRODUCTION

Water deficits affect growth and grain yield of
crops (Hsiao, 1973; Shibles et al, 1975; Paleg
and Aspinall, 1981; Rosenberg et al, 1983).
However, the type and magnitude of the re-
sponse depend on the intensity, duration and
timing of the water deficiency.

Soybean seed yield is more affected by water
stress during the flowering—pod setting period
(Runge and Odell, 1960; Thompson, 1970; Ash-
ley and Ethridge, 1978; Korte et al, 1983a; Kad-
hem et al, 1985a) and the seed filling period
(Doss et al, 1974; Constable and Hearn, 1978;
Brown et al, 1985; Griffin et al, 1985) than during
the vegetative period.

The greatest modification in yield occurs
through the number of pods/ha (Momen et al,
1979; Korte et al, 1983b; Pandey et al, 1984b;
Kadhem et al, 1985b). The number of seeds/pod
is quite stable and the 1 000 seed weight is only
reduced by water stress at the end of the repro-
ductive cycle (Kadhem et al, 1985b).

In spite of the abundance of data related to
the effect of water stress on soybean yields
found in the literature, the differences in experi-
mental conditions, cultivars (growth habits, ma-
turity group, etc) and drought characteristics do
not allow a clear definition to be made either of
the relative sensitivity of different phenological
stages or of how yield is affected.

In the area where this study was carried out
(Balcarce, Bs As, Argentina) the average annual
soybean yields for different cultivars have a wide
variation (2 000 to 4 000 kg of seed/ha) related
to differences in the amount of rainfall during the
seed filling period (Darwich, personal communi-
cation). However, no information is available on
the real water deficits since no climatic demand
or soil available water have been considered in
previous works.

A field experiment was designed to control du-
ration and intensity of water deficits in deep soils
and under rather moderate evaporative de-
mands by using semi-demountable covers and a
high uniformity irrigation system. The objectives
of the study were: a) to quantify the crop re-
sponse to water stress during the reproductive
period in terms of growth, seed yield and its
components; and b) to identify the soybean re-
productive subperiod (R{—R,4 or R4—Rg3) most
sensitive to water stress.

MATERIALS AND METHODS

A field experiment was conducted at the National Insti-
tute for Agricultural Research (INTA) Experimental
Station at Balcarce, Bs As, Argentina (37° 45' S, 58°
15" W) during the 1986/1987 and 1987/1988 growing
seasons. The soil was a typic argiudol (fine, illitic clay,
thermic) with an organic matter content of 5.5%, which
has been fully described by Dardanelii et al (1991).
Total soil available water was 300 mm (in 2 m of
depth).

An indeterminate soybean maturity group Il cultivar
Asgrow 3127 was used. The plant population was
thinned to 330 000 and 270 000 plants/ha the first and
second year respectively. Soil fertility was adequate
and weeds were correctly controlled.

The experiment was set in a completely random-
ized block design, with 4 treatments and 5 replications
in 1986 and 3 replications in 1987. Each plot consisted
of 10 rows, 0.7 m apart and 5.5 m long, surrounded by
a ditch to collect excess water from the rain shelters or
from irrigation or rainfall.

For the dry treatments, rainfall was excluded sever-
al days before the initiation of each deficiency, so that
the period began with a percentage of soil available
water (PAW) of around 50. This was done by covering
each plot so the plants grew only on water stored in
the soil profile. Individually hand-operated shelters
permitted plots to be covered with a propylene sheet
(0.15 mm thick) that was unrolled during rainfall.

Three dry treatments were imposed during the fol-
lowing periods (adapted from Fehr and Caviness,
1977) : R1-R4 (0l); R4-R6.3 (10); and both R1-R4 and
R4-R6.3 (00). For the remaining time PAW was kept
> 50 as in the control treatment (I1). When necessary,
water was applied to reach the soil storage upper limit
(UL) using a sprinkler irrigation system specially de-
signed by Shouse et al (1982) for individual plots.

Soil water measurements and calculation have
been explained by Dardanelli et af (1991).

Table | presents the meteorological data and irriga-
tion applied to treatment Il for the 2 growing cycles.

At physiological maturity, 5.6 m2 were harvested in
the 2 central rows for seed and yield components.
Plant samples were obtained at the V3, Ry, Ros, Ry,
Rs 5, Re3 and Rg stages. The sampling area was 0.7
m2 and 1.4 m2 for the first and second year respective-
ly. Plants were fractionated into leaf blades, stems and
petioles and carpels and seeds. Fallen leaves were
collected with baskets placed between rows. All frac-
tions were oven-dried at 60 °C to constant weight.
Seed weight was corrected to 13% moisture. Leaf
area index was measured with an area meter
ACC400, Hayashi Denkob Co, Ltd, Japan.

Every 5 to 7 days during the time of drought appli-
cation, leaf water potential was measured with a
Schollander type pressure chamber on the second
youngest expanded leaf at predawn (PWP) corre-
sponding to the moment of maximum plant water con-
tent.
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Table I. Mean daily photosynthetically active radiation, maximum and minimum mean temperatures, precipitation and
irrigation for 10-day periods.

Year November December January February March
PAR 86/87 9.2 10.6 104 124 129 109 124 13.7 125 102 11.7 78 65 7.6 5.7
MJm-2d-1 87/88 9.2 104 106 13.0 11.2 9.2 125122 88 95 90 87 75 6.4 67
Trax 86/87 18.8 24.0 22.3 23.8 24.2 25,5 26.2 27.6 29.8 28.0 29.9 29.6 24.8 22.1 21.0
°C 87/88 19.2 23.0 25.1 24.0 224 23.4 288 288 23.8 23.8 23.8 27.0 25.2 235 244
Toin 86/87 7.0 9.0 104 9.8 10.2 128 104 11.8 127 13.9 149 16.2 144 9.8 12.2
(°C) 87/88 78 9.8 11.0 9.0 9.0 10.7 13.0 11.8 11.7 8.2 105 15.0 11.2 14.0 115
Precipitation 86/87 30 110 59 28 7 4 12 20 30 35 8 25 66 10 8
(mm) 87/88 50 8 8 3 75 33 30 6 8 40 16 O 2 34 48
Irrigation 86/87 0 0 0 0O 0 38 28 42 65 52 80 O 0 0 0
Treat Il (mm) 87/88 -0 0 0 0 0 0O 80 O 44 45 60 36 20 O

Periodic measurements of photosynthetically active
radiation (PAR) were taken at solar noon, with a radi-
ometer L1 188B connected to a line quantum sensor LI
191 SB (Licor Inc, USA) (5 replications per plot).

The percentage of PAR intercepted by the crop was
calculated as :

% PAR int =100 x (1-V/lo)

I and lo being the PAR measured at ground level
and at the top of the canopy, respectively.

Total PAR intercepted by the crop during a particu-
lar period (MJ/m2) was obtained as:

PAR int= (% PAR intx PAR inc)/ 100

where PAR incis the incoming PAR for that period.

The utilization efficiency (ec) of intercepted PAR
was obtained as :

ec=ADM/PAR int

ADM being the dry matter increment during the period
in g¢/m2 and PAR int the total PAR intercepted during
the same period.

Harvest index (HI) was calculated as seed yield/
total above ground biomass at physiological maturity.

Dry matter remobilization efficiency (DMRe) at the
end of the growing cycle was estimated as :

DMRe = (VB-TB)/ VB

where VB is the vegetative biomass plus pod walls at
Rg.3 and TB is the total biomass minus seed yield at
physiological maturity; VB and TB include fallen
leaves.

Analysis of variance was applied to the data, and

Duncan's multiple range test (P = 0.05) was used for
treatment means comparison.

RESULTS AND DISCUSSION

Water availability and plant water status

Figure 1 shows the volumetric soil water con-
tent for the I, Ol and 10 treatments. The soil wa-
ter content clearly reflected the different treat-
ments. An important decrease in available water
was observed in the upper layers of the soil pro-
file when drought was applied at the beginning
of the reproductive period (R{-R4), treatments 0Ol
and 00). In the second period of drought (Ry4-
Re3, treatments 10 and 00), the stressed treat-
ments showed a decrease in soil water content
mainly in deep layers. In the control treatment,
the soil water content was kept near the upper
limit of soil water availability throughout the
growing cycle.

At the beginning of the drought periods, the
PAW in the soil reached by the roots was = 50 in
1986-1987 and 50 in 1987-1988; moreover, at
the end of these periods the values dropped to
42, 32 and 30 in the first year and 42, 37 and 35
in the second year for 0l, {0 and 00 respectively.
Notice that up to Ry, the drought treatments ex-
plored deeper layers of soil than the control.

Figure 2 shows the influence of the water defi-
ciencies of predawn leaf water potential (PWP).
The higher values in water potential in 1987-
1988 were a consequence of the higher PAW.

The larger differences in leaf water potential

at Rg 3 compared to R, between stressed and
non stressed treatments were probably due to a



740

©)

Water content (m3/m3)
0.2 016 0.20 02 0.28 032

g &
—

o
=]

Soil depth ( em.)

210 L.MIN. R63 R4 R L.MAX

Water content (mi/m3)
[ 0.16 0.20 0.2 0.28 032
T T

JM Andriani et a/

0.40

w
o
G
.
!
!
[}

Z 8 8 8

Soil depth (em.)
3

L.MIN.

~
3
r

Water content ( my/m3)
012 016 0.0 0.2 0.28

032

a0k L.MIN.

Soif depth (em)

Soil depth { ¢m.)

®

Water content im3/m3)

012 016 0.20 0.2¢ 028 032 036 040
M T T T T T T T ~r Ly -
3o} -
geof I
9
< ®f
120} .
© ,.'
=150 i
8 H
8ol M
3
210L L.MIN. R61
Water content (m3/m3)
_onR 016 020 02 0.28 03 036 0.40
T T T L} L
30k
[50] 8
90
120t
150f
180} | LMax.
L.MiN. L X Al
0L RS R R6.3
Water content ( m3/m3)
) 016 020 02¢
[T y RN S S
‘. 34
30 . ~ ~.
10 el .. (2
ok .
s}
.
o} H
L]
150} /.
__,r/_./
180} <y
—,
a0l LMN. R63 RAR LMAX

Fig 1. Volumetric soil water content at different phenological periods for all the treatments, for the 1986-1987 (1a) and 1987-1988
(1b) growing seasons. L, and L, are the lower and upper limits of soil available water, respectively. Arrows indicate root depth.
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Fig 2. Soybean predawn leaf water potential (PWP) during the early (ED) and late (LD) deficiency periods for all the treatments in

both years. Bars indicate the SEM.
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greater transpiratory surface at Rg3 and to the
fact that at the middle of the second drought peri-
od the roots reached their maximum exploration
volume (Dardanelli et al, 1991). During the first
80 days after emergence the roots explored
deeper zones. This produced a rapid decrease in
the water potential gradient between the leaf and
the soil during the night.

Dry matter production

Total above ground dry matter (DM) accumula-
tion was modified by the drought treatments (fig
3). Significant differences between wet and dry
treatments were found at the end of both drought
periods in both years.

Because of the restoration of good soil water
conditions in 0l and the increasing water deficien-
cy in 10, no differences in DM were found be-
tween these 2 treatments at Rg 3. At this particu-
lar period, both treatments presented lower DM
than the control (ll) and higher than 00. At har-
vest, average reduction in DM with respect to the
control was 26% for 0l and 10, and 35% for 00.
The 2-year combined analysis showed a greater
DM production for the second year, in agreement
with the higher values of PWP. From Ry on, DM
accumulation was in agreement with the soil and
plant indicators of water deficiencies (PAW,
PWP).

1986/ 87

Dry Matter Accumulation (Mg/ha)

—_—1
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Vegetative biomass (stem, leaves and peti-
oles) and plant height showed the same trend as
total biomass (table 1I). At the end of the season,
the vegetative DM represented 46, 44, 37 and
38% of the total DM for treatments Ii, 10, 0l and
00, respectively. The lower values for the treat-
ments 0l and 00 show the effect of the first peri-
od of drought on vegetative growth.

Crop growth rate (CGR) was affected by water
deficiencies from Ry to Rg 3. From Rg 3 to physi-
ological maturity, no differences in CGR were
found among treatments (see slopes in fig 3).

Crop productivity depends on the develop-
ment of leaf area to intercept solar energy and
on photosynthesis to conven this energy into dry
matter (Turner and Begg, 1981). Figure 4 shows
LAl evolution. At the end of the first drought peri-
od (R,) the treatments under water deficiency
(00, 0l) showed lower LAl than the wet treat-
menits (ll, 10). Cell enlargement (leaf expansion)
was reported as the first process affected by wa-
ter deficits (Hsiao, 1973; Kramer, 1983). During
the second drought period (R4—Rg2) treatment
10 lost a significant amount of leaves, because
water deficits produced an acceleration of se-
nescence (Ludlow, 1975; Legg et al, 1979). This
phenomenon was indicated as an adaptation to
water stress (Hall et al, 1979; Turner and Begg,
1981). On the other hand, treatment 0l resulted
in continued production of new leaves.

1987/88

-
/” -
-
/// *
’ 7
7/
// /i ®
I//'/
/7 1
)
® /.
7o 1
/ /s
s e II
’ J
(-3
r’/® = o1
(e

e ———-10
/l/ B S R 00

100

120

140

20 60 80 100 120 140

Day After Emergence

Fig 3. Soybean above ground dry matter accumulation as a function of time after emergence for all the treatments in both years.

Bars indicate the SEM.
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Table Il. Soybean total vegetative biomass (leaves + fallen leaves + petioles + stems), reproductive biomass (carpels
+ seeds) and plant height, for the different treatments at different phenological stages. Averages for 1986-1987 and

1987-1988.
Pheno- Vegetative biomass Reproductive biomass Plant height
logical (g/m?2) (g/m2) (cm)
stage

[l ol io 00 SE I ol 10 00 SE Il ol [0] 00 SE
R, 98.7 936 919 893 43 0 0 0 0 0 275 273 277 271 0.25
R4 517.0 350.4 4825 343.3 13.2 7.7 5.9 82 59 1.0 634 490 644 484 0.92
Res 737.8 528.5 576.5 407.8 16.6 301.7258.3 250.3 246.6 9.0 1031 622 826 728 1.77
Rg 5449 325.4 401.8 2894 11.0 641.9559.5 499.6 476.4 14.0 103.1 622 826 728 1.77
SE = standard error of the mean.

LAl was related to the percentage of PAR in- tablished, the 2 years average reduction in total

terception (% PAR int) showing a critical LAl val-
ue of = 5.5. This value was greater than that re-
ported by Shibles and Weber (1966) for maturity
group Il soybeans. As a consequence of the re-
duction in LAIl, % PAR int in the dry treatments
was affected (fig 5). Water deficits in the first pe-
riod (00, Ol) did not allow the crop to achieve the
95% PAR interception (fig 5). The loss of leaves
in 10 and the production of new leaves in Ol after
R4 resulted in similar % PAR int for these 2 treat-
ments at Rg 3.

The average daily values of total PAR inter-
cepted by the crop during the 2 drought periods
are shown in table 1ll. Since drought was applied
when a relative high % PAR int was already es-

8F 1986/ 87

w N o
T T T
N
» \
\

Leaf Area Index
9,
')
[}

)
.-_\..

PAR intwas small (no greater than 12%).

The utilization efficiency of the intercepted
PAR (ec) is also presented in table ill. Water def-
icits during any or both periods clearly reduce ec
compared to control. Shibles and Weber (1966)
reported a close relationship between CGR and
intercepted radiation with ec ranging from 1 to
1.4 g DM/MJ of intercepted PAR. In this work, ef-
ficiencies were within that range only for the dry
treatments. With good water supply, average ec
ranged from 1.5-1.9 g/MJ.

The lower efficiency in the dry treatments was
related to an increase in stomatal resistance
(LRY) to carbon dioxide fixation (see Dardanelli et
al, 1991). However, Farquar and Sharkey (1982),
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Fig 4. Soybean leaf area index (LA} evolution for the different treatment in hoth years. Bars indicate the SEM.
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mentioned than an increase in LR under
drought is not necessarily the cause of a lower
efficiency.

The 2-year combined analysis of variance for
CGR and ec showed a significant year x treat-
ment interaction for the second period of drought.
The drought produced a larger decrease in CGR
and ec in the first year than that found in the sec-
ond year. This interaction was due to a lower at-

mospheric demand during this period in the sec-
ond year. The average potential evapotranspira-
tion (PET) for this period was 4.8 mm/day and 6
mm/day for the second and first year, respec-
tively (Dardanelli et al, 1991). During the first
year, higher radiation favoured the well watered
control (Il) but this higher radiation, together with
a higher demand, increased water stress in the
dry treatments (10, 00) (table Iil).

Table fll. Average daily photosynthetically active radiation intercepted (PAR int) and utilization efficiency of the inter-
cepted radiation (ec) by the crop canopies at different phenological periods.

Treatment Year Period V3-R, Period R-Ry Period R4-Rg 3

PAR int ec PAR int ec PAR int ec
(MJ.m2) (g.MJ) (MJ.nr2) (g-MJ1) (MJ.m2) (g-MJS1)

86/87 444 1.18 9.36 1.64 11.50 1.86
i 87/88 5.50 0.87 9.96 1.58 9.07 1.97
X 4.97 1.03 9.66 1.61 10.29 1.92
86/87 4.35 1.02 8.10 1.28 10.14 1.42
ol 87/88 5.78 0.86 9.54 1.16 8.56 1.95
X 5.07 0.94 8.82 1.22 9.37 1.69
86/87 4.55 0.91 9.44 1.50 10.71 1.07
10 87/88 5.51 0.87 9.55 1.55 8.77 1.77
X 5.03 0.89 9.50 1.53 9.74 1.42
86/87 452 0.96 8.37 1.22 9.50 1.07
00 87/88 5.71 0.81 9.56 1.16 8.56 1.43
X 512 0.89 8.97 1.19 9.03 1.25
SE 86/87 0.18 0.06 0.15 0.07 0.11 0.08
SE 87/88 0.16 0.05 0.22 0.06 0.06 0.13

SE = Standard error of the mean.
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Seed yield

The 2-year combined analysis for seed yield
showed significant differences between years
and among treatments with no treatment x year
interaction. The yield of the control treatment (ll)
did not statistically differ from the 0l yield and
both treatments produced higher yields than 10
and 00 (table V).

The absence of differences between |l and Ol
and between |0 and 00 indicates that water defi-
cits during the first period of drought (R1—R,4) did
not affect seed yield.

As drought progressed during the first period
(R4—R4) the roots explored deeper zones with
higher PAW, and in the middie of the second
drought period, the roots reached their maximum
exploration volume (Dardanelli et al, 1991). This
could explain the higher susceptibility of soybean
grain yield to water deficits during the second
drought period (R4—Rg3). However, the drought
significantly affected crop growth rate (CGR) and
conversion efficiency (ec) during both periods.
Then, the lower sensitivity of grain yield to
drought at the R4-R4 period can be attributed to
the plasticity of the flowering and pod formation
period, that allowed the generation of new flow-
ers and pods with more and heavier seeds rela-

tive to the control, upon irrigation at R4. More-
over, growth and ec were more affected by the
late deficient treatments in the first year while
seed yield was affected in a similar way by this
treatment in both years. This suggests a direct
effect of water stress during the R4-Rg 3 period
on soybean reproductive structures.

In agreement with these findings, Constable
and Hearn (1978) and Snyder et al (1982), found
that the Rs-R- period was the most sensitive for
indeterminate soybeans. On the other hand,
Kadhem et al (1985a) concluded that the R3-R4
period showed the best response to irrigation. In
this work, drought at the R4-Rgs period was
more detrimental to seed yield of indeterminate
soybean than drought at the R4-R4 period.

For all treatments, seed yield was higher in
1987-1988 than in 1986-1987 (table IV). This
was related to a larger water content in the soil
explored by the roots in the second growing sea-
son.

Yield components

The number of pods/ha, the number of seeds/
pod and the weight of the seeds were affected by
water deficits (table IV). The 2-year combined

Table IV. Numbers of plants/ha, pods/ha, seeds/pod, 1 000 seed weight, seed yield, harvest index and dry matter re-
mobilization efficiency (DMRe), for the different treatments at harvest.

Treatment Year Thousands

Millions No of

Weight Seed yield Harvest

plants/ha pods/ha seeds/pod 1000 seeds (tha-') (indexx 100) DMRe
(),
86/87 330 11.03 2.37 175 4.56 36.2 20.6
] 87/88 260 12.74 2.28 189 5.51 39.2 18.5
X 295 11.88 a 2.33b 182 ¢ 5.03a 37.7¢c 19.6b
86/87 324 9.58 2.43 190 4.43 48.4 26.7
0l 87/88 270 10.14 2.44 198 4.89 446 29.1
X 297 9.86b 244 a 194 b 466 a 46.5a 279a
86/87 334 8.15 2.36 197 3.78 42.4 21.7
ol 87/88 270 8.97 2.25 220 4.42 39.9 22.6
X 302 8.56 ¢ 231b 209 a 410b 41.2b 22.2b
86/87 330 7.70 2.39 194 3.57 46.0 20.0
00 87/88 277 8.93 2.36 211 4.44 450.2 20.8
X 304 8.31¢c 2.38 ab 203 a 4.00b 456 a 20.4b
SE 86/87 10 0.24 0.04 25 0.14 0.9 09
SE 87/88 36 0.45 0.02 4.0 0.19 1.1 14

SE = Standard error of the mean. Values followed by the same letter do not differ at the 5% level of significance at P = 0.05.
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analysis for yield components showed no signifi-
cant year x treatment interaction. The control had
a significantly higher number of pods/ha than the
rest of the treatments. Moreover, 0l has a larger
number of pods/ha than 10 and 00. Water deficits
produced a lower number of pods/ha. This could
be explained by a reduction in flower production
and by an increase in flower abortion (Sionit and
Kramer, 1977; Pandey et al, 1984a). The larger
pod production of 0l treatment with respect to 10
. and 00 was the consequence of the generation of
new flowers upon irrigation in 0l at R4, and the
abortion of pods in 10 and 00 starting at Rjy.
These 2 treatments had small to null production
of new pods from Ry, in agreement with the find-
ings of Momem et al (1979).

In Ol, the growth of pods under good soil avail-
able water and with low competition for assimi-
lates among the pods produced an increase in
the number of seeds/pod.

in I and Ol, the larger number of seeds
brought about more competition for carbohy-
drates producing lower seed size (treatments 10
and 00 had significantly larger seeds than |l and
0l). The increase in the number of reproductive
sinks did not produce an increase in CGR from
Rg .3 to physiological maturity. These data sug-
gest a limited source capacity.

The treatments with the highest number of
seeds/ha translocated more dry matter from the
vegetative parts and pod walls to the seeds (data
not shown). This is further proof of high competi-
tion for carbohydrates among the seeds in these
treatments.

The number of pods/ha is the main soybean
yield component (Herbest and Litchfield, 1982;
Rogers et al, 1984). In consequence, when it is
affected by water deficits, seed yield is dimin-
ished, except when the deficiency occurs early in
the reproductive period. Upon irrigation, the ca-
pacity of this indete-minante variety to produce
new pods and to form pods with more and heavi-
er seeds allowed the 0l treatment to reach a yield
statistically similar to that of the control (11).

Harvest index

Vegetative growth and yield and consequently
harvest index were affected by water deficiencies
depending on the time at which the deficiencies
were imposed, as was also found by Korte et al
(1983b) and Meckel et al (1984).

Drought during the Ry4-Rg 3 period produced
an important decrease in the number of repro-
ductive structures per unit area as well as in to-
tal vegetative dry matter (plus pod walls).

On the other hand, drought during the R{—R4
period decrease the vegetative dry matter pro-
duction with no significant effect on seed yield.
Similar results were presented by Egli et al
(1983) and Snyder et al (1982} for indeterminate
soybean cultivars. For this reason, treatment 0Ol
presented the highest DMRe and treatments Ol
and 00 had higher harvest index (HI) than the
rest of the treatments (ll, 10). This does not
agree with the data presented by Pandey et a/
(1984a), who established a positive linear rela-
tionship between HI and the amount of water
supplied to the crop.
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