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Differences in Dry Matter Production and Root System Development between Soybean Cultivars under
Deficient Soil Moisture Conditions : Yushi HIDA, Tadashi HIRASAWA and Kuni ISHIHARA (Faculty of
Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho, Fuchu, Tokyo 183, Japan)

Abstract : In the previous paper, it was clarified that the decrease in dry matter and grain productions under
deficient soil moisture conditions differed between cultivars classified into the same ecotype, and it was suggested
that root system development might be responsible for the varietal differences. To investigate causal factors of the
differences in dry matter production and yield between the cultivars, ecophysiological characters and root system
development were compared between the populations of Enrei and Tachinagaha in the field.

The net assimilation rate was high in Tachinagaha compared with Enrei because of the high leaf xylem water
potential and low leaf diffusive resistance during the daytime, and the less decrease in the photosynthetic rate with
senescence. This resulted in high dry matter production and high grain yield in Tachinagaha. Root length density
measured by the core sampling method and root length measured by the minirhizotron method were both larger,
especially in the deep soil layers, in Tachinagaha. The amount of soil water depletion was also larger, especially
at the deep soil layers in Tachinagaha, probably due to greater water absorption by the plants. These results
indicated that the root system was well developed in the deep soil layers in Tachinagaha compared with Enrei
as soil moisture was depleted. The root system development might be responsible for the differences in the
ecophysiological characters between Enrei and Tachinagaha.

Key words : Dry matter production, Photosynthesis, Root system, Senescence, Soil moisture, Soybean cultivar,
Water deficits, Water uptake.
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Fig. 1. Changes in soil moisture of the W- and

D-plots* at the depth of 50cm from the soil
surface. Solid and dotted lines represent soil
water tention measured with a tensiometer
and electric resistance measured with a gyp-
sum block, respectively.

*In the W-plot, plants were grown under
sufficient soil moisture conditions until har-
vest time. In the D-plot, plants were withheld
irrigation after emergence of seedling.
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Fig. 2. Changes in leaf area. Open and solid
symbols represent the W- and D-plot, respec-
tively. Vertical bars represent standard devi-
ations. Figures in parentheses represent the
leaf area ratio of D-plot to W-Plot (%).
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Fig. 3. Changes in top weight. Open and solid
symbols represent the W- and D-plot, respec-
tively. Vertical bars represent standard devi-
ations. Figures in parentheses represent the
weight ratio of D-plot to W-plot (%).

Table 1. Crop growth rate (CGR), net assimilation rate (NAR) and mean leaf area index

(LAD.
CGR (g m2d™) NAR (gm=2d™") LAI
Date Cultivar
W-plot D-plot W-plot D-plot W-plot D-plot

Jul. 8 Enrei 5.07 4.19 (82.6)* 2.41  2.48 (103) 2.10 1.69 (80.5)
Aug. 12 Tachinagaha 5.52 4.32 (78.3) 2.56  2.68 (105) 2.16 1.61 (74.5)
Aug. 12 Enrei 10.51 8.32 (79.2) 2.67 2.46 (92.1) 4.32 3.38 (79.2)
Seﬁ. 17 Tachinagaha 10.61 8.75 (82.5) 2.35  2.64 (112) 4.51 3.31 (73.4)

. ) : " " 5
W 5) .
* Figures in parentheses represent the ratio of D-plot to plot (%)

NII-Electronic Library Service



576 HEEYE=K£EF E64% (199)

Table 2. Yield and yield components.

Pod number (m~2)

Seed number (m~?)

100 seed weight(g)*  Seed weight(g m™2)*

Cultivar

W-plot D-plot W-plot D-plot W-plot D-plot W-plot D-plot
Enrei 8032** 614°(76.5)*** 11318 770°(68.1) 30.8> 30.2°(98.3) 366° 2514(68.7)
Tachinagaha 764*® 670°(87.7) 10188  797°(78.3) 38.0°  35.0°(92.2) 4202 305¢(72.7)

* Weight at 1596 moisture.

** Means followed by the different letters are significantly different at 5% level (Duncan’s multiple range

test) within 4 means.

*** Figures in parentheses represent the ratio of D-plot to W-plot(%).
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Leaf xylem water potential (—MPa)
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Fig. 4. Changes in leaf xylem water potential of
the fifth leaf from the uppermost. Circles and
Triangles represent Enrei and Tachinagaha,
respectively. Open and solid symbols repre-
sent the W- and D-plot, respectively. Five to
seven leaves were used for measurements.
Vertical bars represent standard deviations.
Leaf under direct sun light was used for
measurements, and figures in parentheses
represent mean light intensity (X10KLx)
during the measurement.
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Fig. 5. Changes in leaf diffusion resistance* of
the fifth leaf from the uppermost during
daytime. The symbols, the number of mea-
sured leaves and the vertical bars are the
same as those in Fig. 4.

*Measurements at light intensity higher than
1.2x10%Em~2s7'.
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Table 3. Pre-dawn leaf xylem water potential (MPa) of the second leaf from
the uppermost.

. Aug. 12 Sep. 11
Cultivar
W-plot D-plot W-plot D-plot
Enrei —0.14+0.01°* —0.27+0.04° —=0.13+0.01* —0.20+0.04°
Tachinagaha —0.13+0.01° —0.13+0.02¢ —=0.12+0.01* —0.18+0.04°

* (Mean) + (Standard deviation).

Means followed by the different letters are

significantly different at 5% level (Duncan’s multiple range test) within 4 means.
Three to five leaves were used for measurements.
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H;: (100) 36.1
71.2)
v 100 )
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@ (100) (41.5) D-plot
<
s 'Sep1land 12 'Sep.24and 25
=
.8
G Tachinagaha Tachinagaha Tachinagaha
[=3
f.' 1 (100) (88.4) (28.6)
by ;H-< (100) ;(70.41 (31.5)
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v (100) (86.9 (21.7)
(100) (77.7) (24.6)
(100) 85.8) (24.8)
VIPMMO Fj (59.6) (42.3)
Sep 11 and 12 Sep.24 and 25 Oct.2
010 20 30010 20 30010 20 30

Photosynthetic rate (mgCOz2dm ?h™1)

Fig. 6. Photosynthetic rate of leaves at differ-
ent positions on a stem in the morning under
sufficient artifical light of above 1,600uE m~2
s™1. Bars represent standard deviations of six
replications. Figures in parentheses represent
the ratio of photosynthetic rate to that on
Sep. 11 and 12 (%) . In Enrei, all leaves were
defoliated before Oct. 2.

*II, IV, VI indicate the position of the leaf
counted from the uppermost leaf on a stem.
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Fig. 7. Comparisons of root length density mea-

sured by the core sampling method at grain
filling stage (Sep. 14). Open and solid sym-
bols represent the W- and D-plot, respective-
ly. Horizontal bars represent standard devia-
tion of eight replications. Figures in parenth-
eses represent the ratio of root length density
in the D-plot to that of the W-plot (%).
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Table 4. Soil moisture depletion (g (100 g) ~'dry soil weight) at various soil depth in D-plot

from Jul. 9 to Sep. 16.

Depletion of soil

Soil depth A (Jul. 9) B (Sep. 16) moisture (A-B)
(cm) Enrei Tachinagaha Enrei Tachinagaha Enrei Tachinagaha
0— 20 29.9 29.4 16.7 14.0 13.2 15.4
20— 40 34.8 33.2 23.2 19.5 11.6 13.7
40— 60 29.4 31.2 21.7 18.2 7.7 13.0
60— 80 34.1 33.0 31.6 28.2 2.5 4.8
80—100 45.1 44.3 36.6 35.1 8.5 9.2
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Fig. 8. Changes in root length measured by the
minirhizotron method at the two soil depth.
Open and solid symbols represent the W- and
D-plot, respectively. Vertical bars represent
standard deviations of eight replications.
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