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Varietal Differences in Growth Response of Soybean to Soil Moisture Depletion : Yushi HiDA, Tadashi
HIRASAWA, Kuni ISHIHARA (Faculty of Agriculture, Tokyo University of Agriculture and Technology, 3-5- 8 Saiwai-cho,
Fuchu, Tokyo 183, Japan)

Abstract : Crop plants suffer water deficits when soil moisture is depleted significantly throughout the rhizosphere
and even when only surface soil moisture decreases rapidly after they have been grown under humid conditions.
For breeding drought-tolerant varieties, it is necessary to clarify the physiological, ecological and morphological
characteristics of the varieties which can attain a high and reliable yield under both conditions.

We compared dry matter and grain production among 34 soybean cultivars under conditions where soil
moisture was depleted gradually after the emergence of seedlings in the field. The decrease in dry matter and
grain productions was less in the early maturing cultivars than in the late maturing cultivars. Significant
differences in the decrease were also observed among the cultivars classified into the same ecotype or maturity
group. Then, cultivars, classified into the same ecotype and growth habit but different in the decrease, were grown
in a row alternatively under deficient soil moisture conditions. The reductions in leaf xylem water potential and
photosynthetic rate during the daytime were less and leaf expansion was less suppressed in the cultivars, which
attained less decreased dry matter and grain productions. These cultivars were expected to have developed
expansive root systems from the results of higher pre-dawn leaf xylem water potentials. Expansive root system
development might be a common characteristic in drought-tolerant cultivars.

Key words : Drought tolerance, Dry matter production, Grain yield, Pre-dawn leaf xylem water potential, Root
system, Soil moisture, Soybean cultivar, Water deficits.
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Fig. 1. Changes in soil moisture of the W-and

D-plots* in 1991 (Exp. I). Dashed line repre-
sents the W-plot and solid line, the D-plot.
Open circles and solid circles represent soil
water tention measured with a tensiometer
and electric resistance measured with a gyp-
sum block, respectively. Vertical bars repre-
sent standard deviation of four replications.
Standard deviation of soil water tention
(four replications) was less than pF 0.2 in the
W-plot.
*Plants were grown under sufficient soil
moisture conditions until harvest time in the
W-plot and plants were withheld irrigation
after emergence of seedling in the D-plot.
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Table 1. Cultivars exmamined in Exp. I and
their characters*

Eco- Flower-

Cultivars Type type ing Harvest

1 Harosoy IN (II) Jul 13 Sep. 22

2 Manchu IN (D Jul. 13 Sep. 22

3 Beeson IN (II) Jul 18 Sep. 22

4 Wayne IN (1) Jul 18 Sep. 22

5 Dewamusume IN II b Jul. 24 Sep. 24

6 Fusanari DE II b Jul 24 Sep. 27

7 Peking IN (V) Jul 24 Sep. 27

8 Willliams IN (D Jul 18 Sep. 28

9 Tachiyutaka DE 1II ¢ Jul 24 Sep. 28

10 Enrei DE I ¢ Jul 18 Oct. 1
11 Hil DE (V) Jul 30 Oct. 5
12 Tachinagaha DE II ¢ Jul 18 Oct. 9
13 Clark IN (V)  Jul 18 Oct. 9
14 Suzuyutaka DE II ¢ Jul 24 Oct. 9
15 Touzan NO.69 IN Il ¢ Jul 24 Oct. 9
16 S-100 IN (V) Jul 24 Oct. 9
17 Akazaya DE 1l ¢ Jul 30 Oct. 29
18 Bukoumame DE 1II' b Jul 30 Oct. 29
19 Tamahomare DE II ¢ Jul. 24 Nov. 1
20 York DE (V) Jul 24 Nov. 1
21 Nattoushoryu DE Il b Jul. 30 Nov. 1
22 Nakasennari DE Il ¢ Jul 30 Nov. 1
23 Dare DE (V) Jul 30 Nov. 1
24 Miyagishirome DE Il ¢ Jul. 30 Nov. 5
25 Lee DE (V) Aug. 3 Nov. 8
26 Pickett DE (V) Aug. 9 Nov. 8
27 Ransom DE (VD Aug. 9 Nov. 8
28 Oguradaizu DE 1l ¢ Jul 30 Nov. 22
29 Fukuyutaka DE IVc¢ Aug 3 Nov. 22
30 Hyuga DE IVc Aug 9 Nov. 22
31 Miedaizu DE IVc Aug 9 Nov. 22
32 Koitozairai DE IVb Aug 9 Nov. 22
33 Bragg DE (V) Aug. 9 Nov. 22
34 Qoita- DE IV ¢ Aug. 20 Dec. 6

akidaizu NO. 1

* Type: IN, DE represents indeterminate and
determinate type, respectively. Ecotype : According
to the classification of Fukui and Arai®. Figures in
parentheses represent maturity group in the
classification of the U.S.A. Flowering : Data when
flowering started. Harvest : Date of harvest.
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Fig. 2. Relations between date of harvest and Fig. 3. Relations between date of harvest and
top weight at harvest time in W-plot (A), seed weight at harvest time in W-plot (A),
and between date of harvest and top weight and between date of harvest and seed weight
ratio of the D-plot to the W-plot (B) (Exp. ratio of the D-plot to the W-plot (B) (Exp.
I). Numbers in the figure correspond to the I). Numbers in the figure correspond to the
cultivar number in Table 1. cultivar number in Table 1.
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Table 2. Leaf area and top weight at grain filling stage, and seed weight and yield components at

harvest time in Enrei and Tachinagaha.

Grain filling stage

Harvest time

Plot Cultivar Leaf area Top weight  Pod number Seed number 100 seed Seed weight

(cm?) (g) per plant per plant  weight (g) per plant (g)

W  Enrei 2589+1397s* 28.6+3.0" 38.5£7.6" 76.5+16.4™ 27.2+1.9% 21.0+£1.3"
Tachinagaha 2406139 28.4+1.5 34.6x3.9 78.1+11.8 29.8+2.5 23.7%0.8

D Enrei 2330+108™ 25.2+1.0% 33.8%6.1" 66.0%x13.1" 24.9+2 5% 16.8+1.0#
Tachinagaha 2337+ 82 28.1x1.1 30.3%£5.0 64.5+12.6 30.0x1.4 20.4+1.0

* (Mean) % (Standard deviation). ns, # indicates nonsignificant and significant difference at 5% level,
respectively between cultivars in each plot. Eight plants were used for measurements.

Table 3. Leaf diffusion conductance* and photosynthetic rate** of the fourth leaf from the
uppermost in the early (8 : 30 a.m.) and late (10 : 30 a.m.) morning in Enrei and Tachinagaha

at grain filling stage.

Diffusion conductance (cm s™')

Photosynthetic rate (mgCO, dm~?h~')

Plot Cultivar -
Early Morning

Late morning

Early Morning Late morning

W  Enrei —_— 0.310.04ms*** —_— 16.4+2.1m
Tachinagaha —_— 0.31+0.09 —_— 17.9x2.0

D  Enrei 0.25+0.11" 0.09+0.047% 13.8+1.9™ 3.5+3.8%
Tachinagaha 0.241+0.09 0.17£0.04 10.7£3.3 8.1+1.7

* Measurements at the light intensity higher than 0.5X10°xE m~2 S-!
** Measurements at the light intensity higher than 1.2X103%4E m=2 S~
*** (Mean) *+ (Standard deviation). ns, # indicates nonsignificant and significant difference at 5%
level, respectively between cultivars in each plot.

Five leaves were used for measurements.
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Table 4. Leaf area and top weight at grain filling stage, and seed weight and yield components at

harvest time in Harosoy and Beeson.

Grain filling stage

Harvest time

Plot  Cultivar Leaf area Top weight  Pod number Seed number 100 seed Seed weight

(cm?) (g) per plant per plant  weight (g) per plant (g)

W Harosoy 1861 t64ms*  21.3+1.0 54.54+3.3" 132.1+7.3# 17.7+0.6% 23.4+0.5%
Beeson 1979+74 21.6+0.6 51.5£6.1 104.2+11.1 19.9+1.4 20.8%£0.6

D Harosoy 1259+61# 17.1+0.6* 43.2+4.5" 90.847.4™ 14.9+0.4% 13.7+£0.5%
Beeson 153975 20.2£1.0 47.6£5.3 96.9+12.4 19.3%0.8 19.2+0.7

* (Mean) * (Standard deviation). ns, # indicates

nonsignificant and significant difference at 5% level,

respectively between cultivars in each plot. Eight plants were used for measurements.

Table 5. Leaf area and top weight at grain filling stage, and seed weight and yield components at

harvest time in Wayne and S-100.

Grain filling stage

Harvest time

Plot  Cultivar Leaf area Top weight  Pod number Seed number 100 seed  Seed weight

{cm?) (g) per plant per plant weight (g) per plant (g)

W Wayne 2443+174ms*  31.3+2.1™ 42.3+6.7" 108.3+20.0* 19.3+£1.8" 21.0+1.0%
S-100 2386147 29.3+1.9 40.0£9.4 86.5+22.7 18.3+1.7 16.3%x1.2

D Wayne 1740 +72# 26.8+0.6% 35.6+4.0¢% 87.0+8.4" 15.94+1.2% 14.24+0.5%
S-100 2199+138 29.9+1.5 38.8+3.8 89.71+9.7 16.91+0.5 15.5%+0.5

* (Mean) = (Standard deviation). ns, # indicates nonsignificant and significant difference at 5% level,
respectively between cultivars in each plot. Eight plants were used for measurements.
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Fig. 5. Changes in leaf xylem water potential of
the fourth leaf from the uppermost in Enrei
(circles) and Tachinagaha (triangles) (Exp.
II). Open and solid symbols represent the
W-and D-plot, respectively. Three to five
leaves were used for measurements. Vertical
bats represent standard deviation. Leaves
under direct sun light were used for measure-
ments, and numbers in parentheses repesent
mean light intensity (X10KLx) during the
measurement.
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Table 6. Comparison of daytime leaf xylem
water potential of the fourth leaf from the
uppermost in D-plot between Harosoy and
Beeson, and between Wayne and S-100.

Cultivar Date  Leaf xylem water potential (MPa)
Harosoy Aug. 8 —1.12+0.06%* (8.6)**

Beeson Aug. 8 —1.01+0.06 (8.5)
Wayne Aug. 20 —0.86+0.03% (4.5)
S-100 Aug. 20 —0.69%0.09 (4.9)

* (Mean) * (Standard deviation). # indicates
significant difference at 5% level between cultivars.
Three to five leaves were used for measurements.

** Leaves under direct sun light were used for mea-
surements. Figures in parentheses represent mean
light intensity (X10 Klx) during the measurements.
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Table 7. Comparison of pre-dawn leaf xylem
water potential of the third leaf from the
uppermost in D-plot between Enrei and Ta-
chinagaha, between Harosoy and Beeson,
and between Wayne and S-100.

Cultivar Date Leaf xylem water potential (MPa)

Enrei Aug. 21 —0.28+0.01#
Tachinagaha Aug. 21 —0.16%0.01
Harosoy Aug. 8 —0.20+0.01%
Beeson Aug. 8 —0.18%0.01
Wayne Aug. 21 —0.20+0.01%
S-1000 Aug. 21 —0.13£0.01

* (Mean) + (Standard deviation). # indicates
significant difference at 5% level between cultivars.
Three to five leaves were used for measurements.
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