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Ecophysiological Studies on the Drought Resistance of Soybean I. Changes in photosynthesis, transpira-
tion and root respiration with soil moisture deficit : Chung Yeol LEE, Yukindo TSUNO, Junichi NAKANO and
Takeshi YAMAGUCHI (Faculty of Agriculture, Tottori University, Koyama, Tottor: 680, Japan)

Abstract : Two Korean cultivars (cv. Hwangkeumkong, Danyeobkong) and one Japanese cultivar (cv. Enrei)
were grown in the same pot under glasshouse conditions to investigate the influence of water deficit on the
photosynthetic rate, transpiration rate and root respiratory rate. The transpiration rate and stomatal conductance
rapidly decreased with decreasing of soil moisture compared to the photosynthetic rate. Net photosynthesis
remained at a high constant rate (>>20mg CO, dm~? h~!) during 4 days after non-watering treatment (pF1.9
~3.5), but at further treatment soil moisture deficit (over pF 3.5), net photosynthesis seriously decreased. These
observed results were similar for all three cultivars. Different quadratic equations were obtained between
net-photosynthetic rate and stomatal conductance, and a linear equation was obtained between transpiration rate
and stomatal conductance in both periods of non-watering treatment and re-watering treatment. The photosynth-
etic and transpiration rates recovered to less than 679, and 499 of the previous levels, respectively. At prolonged
suspension of water supply (41-46 days after emergence), a positive correlation was found between the root
respiratory rate (25°C) and root nitrogen content. We also recognized that the rate of photosynthesis was
significantly correlated with root respiration rate under water stress condition.

Key words: Drought resistance, Leaf position, Photosynthesis, Root respiration, Soil moisture, Soybean,
Stomatal conductance, Transpiration.
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Fig. 1. Air temperature, soil moisture and solar
radiation during the period of non-watering
treatment.
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Table 1. Growth amount of top and root of three cultivars grown under condition of soil water deficit.

Cultivar I\:I;igf Leaf area 'I“fep;girty R\gzitgiiy SLA Leaf N Root/Top Leaf/Root
2 1 251 o ~1 dm2g~!
stem nodes (dmPlant ) (g plant™) (g plant™) (em®g™) (%) (gg™ (dm?g™)
Enrei 11 19.7 11.9 1.90 288 4.50 0.16 10.4
Ohgon 11 23.2 11.7 2.00 285 4.78 0.17 11.6
(Hwangkeumkong)
Tanyou 9 10.5 6.5 1.65 255 4.56 0.25 6.4
(Danyeobkong)
Cultivar names in parenthesis are Korean name.
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Fig. 2. Changes in relative value of net é
photosynthetic rate (Pn, solid) and transpira- = 15 L
tion rate (Tr, open) per unit leaf area of g
three cultivars after non-watering treatment. 10 F
®, O:Enrei, B, 7 :Ohgon (Korean name:
Hwangkeumkong), &, 2. :Tanyou (Korean 5F
name : Danyeobkong).
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Fig. 3. Changes in net photosynthetic rate of top
fully developed (1st) and second (2nd) leaf
on main stem of three cultivars with the
decreasing of soil moisture.
® : Enrei, ®: Ohgon (Korean name : Hwang-
keumkong), & :Tanyou (Korean name:
Danyeobkong).
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Enrei Ohgon Tanyou
(Hwangkeumkong) (Danyeobkong)
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Fig. 4. Changes in net photosynthetic rate of leaves on main stem during

the period of non-watering treatment.
®:Ist, O:2nd, W :3rd, T : 4th, A :5th.

Table 2. Net photosynthetic rate (mgCO,dm 2h"!) at
different time under soil water deficit.
. Leaf Time of day
Cultivar position* 9 T 13 Average
Enrei 9 21.0 5.2 4.9 10.4
8 17.0 3.7 5.4 8.7
Ohgon 9 22.0 4.9 5.6 10.8
(Hwangkeumkong) 8 17.0 5.0 3.9 8.6
Tanyou 9 18.3 5.4 4.4 9.4
(Danyeobkong) 8 155 3.0 4.0 7.5
pF value 2.9 — 3.3

* Leaf position on main stem.
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Fig. 5. Changes in stomatal conductance during
the period of non-watering treatment.
Symbols are represented by the same at
those in Fig. 3.
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Fig. 6. Relationship between stomatal con-
ductance and transpiration rate at the both
periods of non-watering (solid)
watering (open) treatment.
®, :Enrei, B, " :Ohgon (Korean name:
Hwangkeumkong), A, 2 :Tanyou (Korean
name : Danyeobkong).
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Fig. 7. Relationship between stomatal con-
ductance and net photosynthetic rate at the
both periods of non-watering (solid) and
re-watering (open) treatment.

Symbols are represented by the same at
those in Fig. 6.
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Fig. 8. Relationship between root nitrogen con-
centration and root respiration.
Symbols are represented by the same at
those in Fig. 3.
8, 11, 13 : Days after non-watering treatment.
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Fig. 9. Relationship between root respiration

and net photosynthetic rate on 11th and 13th
days after non-watering treatment.
Net photosynthetic rate was mean value of
upper two leaves (1st and 2nd) on main stem.
Symbols are represented by the same at
those in Fig. 3.
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Fig. 10. Water use efficiency (WUE) related to
soil moisture change in non-watering teat-
ment.
Symbols are represented by the same at
those in Fig. 3.
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