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Effects of Soil and Atmospheric Moisture Conditions on
Ecophysiological Characteristics in Crop Plants

Tadashi HIRASAWA

Faculty of Agriculture, Tokyo University of Agriculture and Technology
3-5-8 Saiwai-cho, Fuchu-shi, Tokyo 183, Japan

Abstract

Summer crop plants grown in rain-fed fields often suffer from drought during a hot and
relatively dry summer in Japan, even though there is much precipitation during their growing
seasons compared with the semi-arid regions. Crop plants could withstand soil moisture defi-
ciency by means of developing elongated root system under conditions where soil moisture
decreases gradually. However, after they have grown under sufficient soil moisture conditions,
they could not adapt under conditions of rapid moisture depletion due to shallow and poorly
developed root systems and, therefore, would suffer from water deficits even when soil moisture
does not deplete considerably. In many regions of Japan, summer field crop plants grow at their
best during the vegetative phase in the rainy season called “Baiu” immediately before the hot and
dry summer. This might be one of the reasons why they suffer from water deficits in the
summer.

This assumption has been confirmed by the experiment using the soybean plants ; (1) grown
under moderate deficient soil moisture before flowering and (2)grown under sufficient soil
moisture. Under severe deficient soil moisture conditions during ripening stage, high dry matter
production and high grain yield were attained in the former plants due to (1) a well developed root
system and, therefore, high capacity to absorb soil water, (2) maintenance of a high leaf water
potential and, therefore, a high photosynthetic rate during daytime and (3)a delay in leaf
senescence compared with the latter.

The plants with well developed root system also attained higher dry matter production and
higher grain yield under well irrigated conditions during ripening stage for the same reasons as
in the experiment mentioned above. During the growing seasons of winter crop plants, a rainy
season suppressing root system development also exist. Improved cultivation for developing
root system, such as drainage in the rainy seasons, would be important in field summer and winter
crop plants in Japan.

Key words : Root system, Seasonal soil moisture fluctuation, Senescence, Water stress, Water
uptake
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al. 1994)
1967 Hi4 & 1976 4E 0 10 AR 0 ¥l (&
BB X Mk,

Fig. 1 Precipitation (solid lines) and evapora-
tion (dotted lines) of every b days from
April to Oclober in Tokyo. Average of
10 years from 1967 to 1976.
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FKE S, BTSN BEBRRO Y4 R) Licks
S, WX EGBRITEOMEY 2 5 v REHNF I
HORET v+ CEBZEY, FASEECAS VL
S L, BTERICHEIX & &+ ic ik L 721, Do
REHEMDEEX & SR ZER L, BkEEb LT
TSR ECET S (K-2), widEE: Chicib
LA, ARRROMEET A HLE L 7o,

(1) BAfERioM AT B Y a5

BEALHALIAT AR [ RSl EE T L 2 E0BIX o 57 4
Ald, BE0em ODHEBOKEF vy v VDERETEH —
0.1MPa iz b LI - 1odd, FEE, BIEHRE, #hl-
EMEE, Wb EE IEcET LABEX0 51 %
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XD54 G IBOEE» S VE: K ic b
<, RXD Y 1 XOBEEE S 5 WEHREOBEX I
T HEE, KBLD Y 20cm~100cm TAX ¢

+ 1 H

% 6 H 7H 8 H 9H

D 25 5 15 25* 5 15 26 5 1b 25
K Wk v T —
2 "

v —100

e — W-plot

«‘7

L —200 e D-plot
M\Iia

E-2 AKX D SEEX ) KB E
X0 cmotEOKEF vy VOHER
(Hirasawa ef al. 1994)

Kb o KEISBA/ERE A 2R 9. 8 1 28 [

EIHBHILIHEDOKE T v v v WHEL

BaoleDid, ZNENEREERICEL > TH

BT A - o129,

Fig. 2 Changes in soil water potential at the

depth of 30cm [rom the soil surface.
Arrow indicates the date when
flowering starled. Solid line represent
the plot where soybean plants were
grown under sufficient soil moisture
(W-plot) before flowering and dotted
line, the plot where the plants were
grown under moderate deficient soil
moisture (D-plot). Soil moisture in-
crease on August 28 and September 3
was due to rain, which accompanied a
typhoon and a thunderstorm.
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HREEZ ONEY, HEKSBORCIEXIZEV D
B¢ (F-2), HPOEDKEF Y v v (B-5), K
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Table 1 Yield and yield components in the plants of the W- and the D-plots

) 2P L A H o E HOR E AN E ¥ H A/B
X (B#E4D) (240
(&Y 0 ) (HEx D) (2) A (2) (Mg ha"!) B () (gg™)
W 35.6a** 58.4a 26.3a 15.4a 3.07a 6.6a 2.3a
D 39.0a 67.0b 27.3a 18.3b 3.55b 7.7a 2.4a

* KK 15%. *BELTNT 7Ny MEICIZ 6B KETHEEEYH 5.

#-2 TASIHDAL9ANEETOM A BLUVIANRA»H50A26HEZ ol (B 0BHKX
(W-plot) %MK (D-plot) 1cBF 2 ESHLEKSORDE (Hirasawa et al, 1994)
Table 2 Depletion of soil moisture at various soil depth during July 31 to September 11 (A) and during

September 11 to September 26 (B)

Tk ELDE (mm)

THEoR BEKE

A
(cm) (g cm™®) (mm) W-plot D-plot W-plot D-plot
0- 20 51.9 103.5 42.5 44 .5 12.5 19.5
20- 40 53.3 107.0 29.0 30.0 15.5 21.0
40~ 60 58.0 116.0 48.0 b6.0 10.5 11.5
60- 80 54.9 109.5 35.5 52.5 13.0 -~ 2.0
80-100 55.6 111.0 25.0 21.0 0.5 5.5
Total —= 547.0 180.0 204.0 52.0 55.5
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. m A 1994)
N - o MR IR R E GUIERIE 3) ART.
B3 &mEX ~<.) EREIRX (P) ;0) 5;;;0)@{2{& Fig. 5 Changes in leaf xylem water potential
%EE;%;;{ ((S;R]{A%ﬁméif;; (H ). ¥ during daytime after withholding
%ﬁfﬂt;gg@ aEE irasawa water from soybean plants of the W-
et al.

and D-plots. Vertical bars represent

Fig.3 Changes in crop growth rate (CGR), net standard deviations of three replica-

assimilation rate (NAR) and mean leaf

tions.
area index (LAI) in soybean plants of
the W—(solid bars) and of the D-(open
bars) plots.
HREFE (mm cm™?) RE (mm cm™?)
01 2 3 1011 12 0123456738 0123456738
0—20 0 A= 0
L 10 o 10
B 20-40
D 40-60 20 20
wmo 30 30
= 60-80 A 5% 40 40
ca 80-100 (7 H26H) #5O B 50
100-120 S 60 (7 1 27 /)60
~170 70
mm W-plot cn
3 D-plot ~ 80y 80
p 90 ® W-plot 90
100 © D-plot 100
110 110

K-4 EHEKX (W-plot) tEBHEK D-plot) D51 ek I 3T HEOESHNOBEFRE L HEDO LK
(Hirasawa et al. 1994)
A:a7H vy 7Y Y IETHIELCBERE. B, C: 3 =9V o vETHELCBE. Bl eEER
= (AEHIL 5) %2R,
Fig. 4 Comparisons of vertical root distribution between soybean plants of the W- and D-plots
A : Root length density measured by the core sampling method. B,C: Root length measured

with the minirhizotron root observation tube system. Horizontal bars represent standard
deviations of five replications.
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SEaaEEAs 1,600umolm s 'RILONTH FCEECFEME LA, *REVESTEE L

Fig. 6 Photosynthetic rate of leaves at different positions on a stem in the morning under sufficient

artificial light of above 1,600 umol m™2 s~

Solid and open bars represent soybean plants of the

W- and D-plots, respectively. *I, 1I,---XII indicate the position of the leaf counted from the

uppermost leal on a stem.
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