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Ecophysiological Studies on the Water Relations of
Economic Tree Species'*
— Temporal Changes of Stomatal Responses to Soil Moisture Regimes

and Exogenous Abscisic Acid in Oaks and Ash —
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ABSTRACT

Seasonal and diurnal changes of stomatal diffusive resistance(S.D.R.) and transpiration rate:T.R.} were
investigated for determining the ecophysiological water relations of economic tree species subjected to chronic
water stress or exogenous abscisic acid treatment.

Four species of oaks including Quercus serrata, Q. mongolica. Q. acutissima, and Q. variabilis were used
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as the experimental materials and also Fraxinus rhynchophylla was studied together with oaks.

Stomatal diffusive resistances were repeatedly measured on the containerized 1-0 year seedlings subjected
to two kinds of soil moisture regime (wet and dry) in June, August, and September by LI-1600 Steady State

Porometer of LI-Cor, Inc..

Exogenous abscisic acid (ABA) solutions of 0.5 mM and 0.05 mM in July and

August, respectively, were absorbed into shoots cut from the containerized seedlings for determining their

effects on stomatal behavior and transpiration. Most of measurements in stomatal diffusive resistance

maintained about 5 s/cm in the morning after sunrise despite of different treatments. But the values fluctuated

frequently to high level above 20 s/cm through the afternoon until sunset in the seedlings subjected to dry soil

moisture regime.

Despite of various treatments and environmental conditions, stomatal diffusive resistances of . wvariabilis

were more stable than those of Q. servafa or Q. acutissima. Their values of F

. vhynchophylla changed more

irregularly in comparison with those of oak species. Exogenous abscisic acid absorbed into shoots cut from
seedlings increased stomatal diffusive resistance obviously in most of the species studied. The stomatal

responses to abscisic acid treatment were more sensitive in July especially in €. serrate than in Q. variabilis

and Q. acutissima. But the effects of ABA treatment were presented more remarkably in @. acutissima in

August. The responses to abscisic acid were not certain in F.

tion patterns.

Kev words . Stomatal diffusive resistance,

transpivation rale, exogenous abscisic acid,

rhwnchophylla because of their various fluctua-

s0il moisture regime,

Quercus serrata, Q. mongolica, Q. acutissima, Q. variabilis, Fraxinus rhynchophylila.
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Table 1. Seasonal and diurnal changes of stomatal diffusive resistance(S.D.R.) measured in the container-
ized seedlings of Quercus serraia subjected to different soil moisture regimes.

Leaf Rel. S.D.R. (s/cm)
Hour Temp. Hum. Quantum Wet Soil Dry Soil
(C) (93 (wE/s/m?) (Mean=S.D.)

measurements in June

04 : 00 25.7 63.2 : 32,4+ 3.3 33.7:“,()

09 : 00 22.8 80.1 3214 270~ 360; 2.8+ 0.4 3.4+ 0.8

1300 31.5 46.9 1330( 470-1810) 8.9+ 4.8 15.7+ 6.4

17 200 28.6 54.7 178( 140~ 330) 55+ 0.4 20.6+12.1

21:00 26.2 63.8 38.3+ 7.7 37.0+ 1.3
measurements in August

04 1 00 25.1 67.9 32.1+ 0.5 28.3+ 0.7

09 : 00 24.6 75.4 596 ( 300- 980) 4.0x 0.3 5.1+ 1.0

1300 24.6 76.7 183( 147- 203) 3.4+ 0.3 7.5t 0.9

17 200 25.5 65.4 317( 270~ 350) 4.5+ 1.4 5.7t 0.8

21 .00 25.4 70.2 27.3+ 2.1 30.2t 0.8
measurements in September

04 : 00 16.7 65.3 49.2+ 7.5 48.7t 2.0

09 : 00 24.9 48.8 1366 ( 640-1670) 3.3x 1.0 7.9+ 1.6

13:00 32.7 24.6 1600(1360-1760) 4.6+ 0.6 20.7+ 6.8

700 22.0 49.7 99{ 63~ 136) 2.7 0.5 18.7+ 5.9

2100 24.3 48.9 38.3+12.7 41.5+ 7.5
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Table 2. Seasonal and diurnal changes of stomatal diffusive resistance(S.D.R.) measured in the container-
ized seedlings of Quercus mongolica subjected to different soil moisture regimes.

Leaf Rel. S.D.R.(s/cm)
Hour Temp. Hum. Quantum Wet Soil Dry Soil
c) (%) (uE/s/m?) (Mean+S.D.)

measurements in June

04100 26.0 68.6 - 39.1+4.2 41.7+0.3

09 : 00 22.5 81.2 242( 219~ 270 3.9+1.8 8.8+1.7

1300 29.6 55.6 1535( 960-1750) 2.2+0.7 19.9+5.6

17 : 00 29.9 45.0 315{ 180- 590) 2.9+0.3 14.0+2.3

21:00 26.6 61.3 - 66.1+5.7 54.5+3.9
measurements in August

04 : 00 25.1 69.2 - 27.1+4.6 27.84+0.2

0900 24.2 78.9 573( 410- 690) 2.9+0.5 7.3t1.6

1300 27.2 63.4 528( 252~ 720) 3.1+t1.4 5.8+2.1

17 .00 26.3 60.9 573( 400- 770) 2.2+0.5 8.1+2.2

21:00 25.5 69.6 - 42.1+7.7 32.5+0.4
measurements in September

04 : 00 22.4 55.2 - 27.1+1.4 28.6+7.3

09 : 00 26.7 41.3 1709 (1330-1850) 3.4+0.6 6.6+1.2

13:00 29.2 23.7 819( 243-1400) 3.3+£0.5 6.5+0.8

17100 21.2 56.6 62( 46- 76) 9.2+1.1 13.8+4.6

21:00 23.6 50.4 - 42.0%5.9 37.6+6.2

Table 3. Seasonal and diurnal changes of stomatal diffusive resistance(S.D.R.} measured in the container-
ized seedlings of Quercus acutissima subjected to different soil moisture regimes.

Leaf Rel. S.D.R.(s/em?
Hour Temp. Hum. Quantum Wet Soil Dry Soil
cH (% (uE/s/m?) (Mean=S.D.)

measurements in June

04: 00 26.0 69.3 - 35.2+ 2.6 34.2+3.6

09: 00 22.6 81.2 308( 139- 400) 12.0+ 1.7 9.0£1.0

13: 00 31.5 51.3 1414 ( 470-1720) 3.6 0.4 23.7+6.9

17 00 29.2 54.1 309( 170~ 440) 5.0+ 0.4 65.9+9.4

2100 26.6 62.2 - 28.5+13.6 46.2+1.3
measurements in August

04 : 00 25.1 69.7 - 26.94 2.6 25.7%x1.1

09 : 00 24.2 80.1 657( 133-1240) 2.5+ 0.3 7.7%£2.1

13:00 25.6 69.4 305( 234- 350) 2.2+ 0.1 5.7x1.5

17100 26.7 63.0 501( 300- 600) 4.0+ 1.6 6.2+2.1

21:00 25.5 69.8 - 27.5+ 0.3 29.8+0.5
measurements in September

04 : 00 19.9 59.1 - 26.0+ 6.4 21.1+5.2

09 : 00 25.4 42.6 1542 (1250-1800) 2.9+ 0.4 6.3%1.1

13:00 28.7 25.6 640( 510~ 810) 3.1+ 0.2 7.0£2.0

17100 21.3 56.1 49( 26— 68) 9.3+ 1.6 25.6+3

21:00 23.4 51.8 - 28.6+ 3.9 33.4+7.9
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Table 4. Seasonal and diurnal changes of stomatal diffusive resistance(S.D.R.) measured in the container-
ized seedlings of Quercus variabilis subjected to different soil moisture regimes.

Leaf Rel. S.D.R.(s/cm}
Hour Temp. Hum. Quantum Wet Soil Dry Soii
(c) (%) (uE/s/m?) (Mean+S.D.)
measurements in June
04 100 25.8 68.0 - 30.8+0.7 32.0£1.0
09 : 00 22.9 79.5 3331 248- 380) 5.8+0.6 4.9+0.5
13:00 31.8 46.0 1608 (1460-1700) 7.0x1.8 11.1+4.0
17 1 00 29.0 53.4 220( 166- 340) 6.6+1.2 14.8+4.8
21:00 26.3 64.0 - 43. 1 49.4+7.1
measurements in August
04 : 00 25.3 68.2 - 25.4%1.8 22.0£3.8
09 : 00 25.0 78.3 628( 400- 860) 2.9%10.4 2.6£0.3
13:00 24.9 74.1 216( 181- 270) 2.2%0.1 3.7+0.2
17100 25.9 62.0 324( 157- 390) 2.5+0.1 5.6+0.5
2100 25.4 70.6 - 25.3+0.6 25.9%£3.5
measurements in September
04 00 18 .4 64.7 - 28.0£1.0 25.9t4.5
09 : 00 24.6 44.7 1320( 820-1580) 3.8x0.5 6.420.9
13 : 00 31.9 23.4 941( 390-1450) 4.0%0.3 5.0£0.5
17 : 00 21.4 54.4 59( 49- 72 6.3+1.0 14.91+4.3
21: 00 24.1 48.7 . 17.8+2.9 34.0%+1.4
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Table 5. Seasonal and diurnal changes of stomatal diffusive resistance(S.D.R.) measured in the container-
ized seedlings of Fraxinus rhynchophylla subjected to different soil moisture regimes.

Leaf Rel. S.D.R.(s/cm)
Hour Temp. Hum. Quantum Wet Soil Dry Soil
(c) (%) (uE/s/m?) (Mean+S.D.)
measurements in June
04100 25.6 68.4 - 321+ 7.9 33.1x 1.6
09 - 00 22.7 79.6 384( 194 510) 3.8+ 0.2 6.7t 2.5
1300 32.3 42.8 1293( 430-1650} 34.6+ 9.1 38.5+ 5.1
17 700 28.4 60.6 131¢ 107- 161) 22.9+11.5 52.4+ 2.3
21:00 26.0 64.2 - 33.3+ 6.5 39.7t 4.5
measurements in August
04 700 25.0 68.4 - 19.5+ 0.9 19.7+ 2.5
09 :00 24.7 75.4 513( 330- 741) 5.7+ 0.4 4.1+ 0.2
13 .00 24.3 77.9 215( 171 270) 7.7t 3.1 5.3+ 0.8
17 700 24.8 69.5 206( 141- 270} 19.0+ 7.4 6.7t 1.8
2100 25.4 70.5 - 21.6+ 2.6 19.2+ 3.4
measurements in September
04 1 00 23.0 53.8 - 21.9+ 4.6 26.5+11.0
09 700 23.3 46.6 1331(1140-1550) 5.6+ 2.9 23.4+13.5
1300 30.9 31.6 1535(1410-1780) 4.8+ 0.8 17.5+ 0.4
17200 23.5 47.1 287( 158- 490) 7.0+ 1.3 53.2+25.3
21:00 23.0 49.6 - 15.5+ 6.2 289+ 3.2
Heoh 23 & AF A7 abE HFs} Alshad 84 77k 0.5mM, 0.05mMel ABA &l IZo}
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