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Soil Moisture Effects on Soybean Root Development and Nodulation

Masato Kuwanara

National Agriculture Research Center
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Table—1 # TR OMEIC & 5 # AXBOEE DAY

& # T K AL (em)
5 20 35 50
cm % % % %

0—-5 71.9 39.9 23.4 18.5
610 18.9 29.7 29.3 35.6
11-15 2.9 24.2 | 13.3 15.2
16—20 0.3 5.7 14.4 10.7
21—-25 0.4 12.1 8.5
26—30 0.4 6.7 7.8
31—-35 0.6 2.5
36—40 0.2 1.0
41—45 0.2
46—50 0.6
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Table—2 Yield (kg/ ha) of soybean varieties as affected by soil moisture stress®’

Stress level

Vartety High Low Ay By
Acme 1,025 1,645 620 62
Chlppewa 1,829 2,481 652 74
Monroe 1,794 2,468 674 73
Blackhawk 1,910 2,564 654 75
Lindarin 63 2,074 2,667 593 78
Ross 2,448 2,948 500 83
Shelby 2,632 2,908 276 91
Clark 63 2,786 2,928 142 95

Table—3 Average rates (Days 15 to 21) of taproot and lateral root extension''

)

Taproot rate

Lateral root rate

Well- Poorly Well- Poorly
Cultivar drained drained drained drained
mmd !

Hawkeye 63 39.3 24,2 29. 6 18.8
Beeson 80 39.0 19.6 30.5 21.0
Premier 38.0 16,1 38.9 22,1
Wayne 35.8 24,1 32.3 24,3
Kentland 33.8 17.7 35.2 21.3
Harosoy 63 38.7 14.3 33.6 16.7
Amcor 30.7 14. 4 32.3 18.6

Corsoy 28.8 24,6 30.0 26.7
LSD 95% T 4.7 5.2 4.8 4.6

LSD 95%+ 3.4 3.4

+ Between cultivars within drainage treatments.
+Between drainage treatments.
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in a Lakeland sand. ®’

Table—5 Effect of irrigation and inoculation on nodule weight data from soybeans grown

Nodule dry weight
Treatment 28 days - 42 days 67 days
g/ 5 plants
Irrigated, strain 110 0.19 ab* 0.40a 0.58a
Irrigated, strain 122 0.15 ab 0.38ab 0.54a
Irrigated, strain 31 0.21a 0.32 abed 0.50 a
Irrigated, strain 76 0.18 ab 0. 35 abe 0.48a
Nonirrigated, strain 122 0.16 ab 0. 30 bed 0.36b
Nonirrigated, strain 76 0.15ab 0. 33 abed 0.34b
Nonirrigated, strain 110 0.15ab 0.28¢cd 0.33 be
Nonirrigated, strain 31 0.13ab 0.27 cde 0.33 be
Irrigated, noninoculated 0.11b 0.25de 0.29 be
Nonirrigated, noninoculated 0.10b 0.19¢ 0.23¢

*Means followed by the same letter withn a column are not significantly different at

the 5% level using least significant differences.
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Fig. 1

Effect of soil water potential on leaf water
potentials and nodule water potentials of soybe-
an plants that had been exposed to the condi-
tions for measurement of photosynthesis, transpi-
ration, and acetylene reduction for at least
6hr. Leaf water potentials obtained from those
plants utilized for daily measurements are
shown by (O). Leaf water potentials taken from
a separate group of plants are shown as (@).
These latter plants were destroyed for determi-
ning the nodule water potentials (A).
(Huang &, 1975)
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Fig. 2
The relationship between midday soybean

nodule water potential and midday nitrogenase
activity. (Bennetd, 1984)
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Fig. 3
Maximum acetylene reduction wversus nodule
surface area for (A ) drought - stressed plants
and (B) well - watered plants. (Weisz®, 1985)
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Relation between increasing rate of nodule
number per day and percentage of liquid
phase of soil in root chamber

@®Ando soil OPeat soil ( BES, KEER)
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Summary

The relationships between soil moisture and soybean root development and nodulation were
analysed.

Water stress, whether caused by flooding or drouht, injured the root systems and affected the
plant growth.

There were differences among the cultivars in their ability to recover after water stress. Nodule
growth and nitrogen fixing ability of cultivars tolerant to the water-logged stress were able to
recover after the stress. Stress associated with drought resulted in a decrease in the nodule gas
permeability followed by a decrease in the nodule surface area. The diffusion of oxygen in the
nodules is an important factor for the regulation of nitrogen fixation rates in field-grown
soybeans,

The range of the ratio of the liquid phase of soil enabling the infection to occur and the
nodules to develop was 22-45% for the volcanic ash soil and the 20-55% for the peat soil. The
rate of increase of the nodule number within a day in the peat soil was higher than that in the

voleanic ash soil.
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