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Effects of drought stress on water use efficiency of five
economic forest species in Gansu province

CHONG Pei-fang, SHAN Li-shan, SU Shi-ping, LI Yi
( College of Forestry, Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: As one of the most common natural disaster in the world, drought had caused serious impact on agricul-
tural production in China. However, one of the key factors that effected the survival rate of trees in arid areas was water
use efficiency ( WUE) of plant. The net photosynthesis rate ( Pn ), transpiration rate ( Tr), stomatal conductance ( Gs ),
instant water use efficiency ( WUE;), WUE,, total biomass and & B were recorded from five economic forest species
(Juglans regia, Ziziphus jujuba, Lycium chinense, Hippophae rhamnoides and Zanthoxylum bungeanum) to analyze the
relationship between the comparison of the foliar carbon isotope composition (8 *C) and long-term WUE ( WUE,) .
Seedlings were grown under four soil water regimes which were CK, light drought(LD) , moderate drought (MD) and se-
vere drought (SD) . Compared with CK, Pn, Tr and Gs significantly decreased with the soil water decreasing for five e-
conomic forest species, except MiD (P <0.05). For WUE,, only Z. bungeanum, Z. jujuba and L. chinense shown
different water effects between SD and CK ( P < 0.05) . Under four water treatments, H. rhamnoides had relatively high-
er WUE; and lower Tr than other four economic forest species. The significant differences in WUE, and & *C for five e-
conomic forest species were only exhibited between SD and CK (P < 0.05), and the WUE; of L. chinense and H.
rhamnoides were higher than other three species. For total biomass, there was only significant variations in Z.
bungeanum , J. regia, Z. jujuba between SD and CK (P<0.05). The relationship between WUE| and & BC was that
L. chinense and H. rhamnoides had higher correlation coefficient than other three species. These results indicated that

the 8 "*C value could be the reliable evaluation index of WUE to select economic forest species under drought stress. Our
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results also indicated that L. chinense and H. rhamnoides could be selected in arid areas and other three tree species

could be selected in sufficient water area of Gansu.

Keywords: drought stress; water use efficiency ; economic forest; carbon isotope composition(8 Be)
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Table 1 The natural profile of the test sample

Ho AR AR AER AEROKE EEARE
Geographical K Annual Annual Annual
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Table 2 Comparison of the net photosynthesis rate( Pn) of five economic forest species under drought stress treatments

HOG AR Pn/(ymnl'm_z's_l)

TR :
Drought treatment 1EM bk kS Ffe i

Z . bungeanum J. regia Z. jujuba L. chinense H. rhamnoides

X CK 17.35+0.19a 22.13+0.33a 19.33+0.41a 18.23+0.41a 18.46 +0.20a

BT Light drought 13.55+0.25b 19.14+0.12b 17.59 +0.42a 15.21+£0.42b 15.53£0.16b

H BT 5 Moderatedrought 6.24+0.03¢ 14.84+0.15¢ 11.56+£0.18b 9.96+0.42¢ 13.21+0.50b

HJE T 5 Severe drought 6.12+0.04c 8.40+0.09d 3.67+0.15¢ 9.56+0.38¢ 9.51+0.18¢

T R R I + FRMEE (n = 9) , AF/NG F B R AL 3 F AR I TE 0.05 K- 22 5% 3%, T Il

Note: Data in table is the average + SD (n =9), different upper cases represent the significant difference between treatments and between species and clones

at 0.05 level, respectively; the same as following.
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Table 3 Comparison of the transpiration rate ( 7r) of five economic forest species under drought stress treatments

ZEME R Tr/(mmol m~2+s71)

S :
Drought treatment TEM ik 7 Hifg Vi
Z . bungeanum J. regia Z. juuba L. chinense H. rhamnoides
XTHR CK 6.19+0.05a 6.35+0.15a 6.26+0.28a 7.08+0.13a 2.41+0.10a
TR Light drought 4.29+0.12b 5.13+0.03a 7.1+0.16a 6.65=0.06a 1.94+0.02b
T 5 Moderatedrought 1.84+0.02c 3.46+0.09b 3.79+0.03b 5.53+0.10b 1.46 +0.05b
HEJE T 5 Severe drought 0.97+0.01d 2.04+0.04b 0.83+0.10c 3.56£0.01c 1.06+0.03b
£4 FEATELET s MHHGSILSE
Table 4 Comparison of the stomatal conductance ( Gs) of five economic forest species
under different drought stress treatments
SASEE Gs/(mmol m™2-s71)
T :
Drought treatment 1EM bk # Lk i
Z . bungeanum J. regia Z . jujuba L. chinense H. rhamnoides
YRR CK 175.78 £3.31a 248.33 £4.47a 276.89 £3.79a 224.78 £4.79b 246.44 £5.45a
PEET R Light drought 132.78 +2.11b 174.00 £ 3.94b 155.44 £3.07b 218.00+£2.67b 225.33+4.33b
T 5 Moderatedrought 95.67+3.15¢ 78.11+2.57¢ 59.11+2.99¢ 311.78 +4.93a 117.44 £2.71¢
HEET 5 Severe drought 21.44 +2.26d 68.00+4.82¢ 45.56 +4.96¢ 191.44 +3.50¢ 40.11+5.67d

3.2 FEmER 5 M HFERR KSR ARERNY
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Table 5 Comparison of the instant water use efficiency ( WUE;) of five economic forest species under drought stress treatments

IBERT 7K 40 R F R WUE,/(;Lmo]'rmnol_ )

b :
Drought treatment TEMR %k 7 Mfg vl

Z . bungeanum J. regia Z. juuba L. chinense H . rhamnoides

X CK 2.80+0.05b 3.49+0.09a 3.09+0.11b 2.58+0.14a 8.14+0.15a

BT H Light drought 3.16+0.09b 3.72+£0.03a 2.48+0.07c 2.29+0.09a 7.90+0.08b

H TS Moderatedrought 3.39+0.03b 4.30+0.13a 3.05+0.06b 1.80+0.05b 9.70£0.34a

HEJE T 5 Severe drought 6.31+0.06a 4.12+0.09a 4.44+0.22a 2.68 +0.05b 8.98£0.34a
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Table 6  Comparison of the total biomass of five economic forest species under drought stress treatments

LEW)HE Total biomass/g

Tk - —

Drought treatment TEAR %k # e Thi
Z . bungeanum J. regia 7. jyuba L. chinense H. rhamnoides
XFHR CK 80.24 +3.35a 45.21 +0.09a 52.10+3.11a 17.81+0.14a 12.45+0.15b
BT 5 Light drought 72.30+3.57a 35.68 +0.03b 45.52+2.07a 18.18 +0.59a 17.65+0.28a
T Moderatedrought 46.25 +2.26b 28.52+0.13¢ 30.08 +2.88b 16.26+0.45a 11.84+0.34b
T 5 Severe drought 21.08+1.81¢ 11.56 +0.09d 15.57+1.22¢ 15.50 +0.35a 10.18 +0.49b

R7T AETFRLET 5 MFEREAK ST ARE

Table 7 Comparison of the long — term water use efficiency ( WUE,) of five economic forest species under drought stress treatments

KK R R WUE,/(mg-mL™")
TH At
Drought treatment TEARL %k 7 Ffe Thi

7. bungeanum J. regia 7. jujuba L. chinense H. rhamnoides
XTI CK 1.96+0.02h 1.83+0.28h 1.56+0.03h 2.09+0.12¢ 2.01+0.03b
2 T 5 Light drought 2.11+0.0la 1.72+0.05¢ 1.83+0.05a 2.32+0.06b 2.31+0.03a
1B T 5 Moderate drought 2.21%0.09a 1.85+0.01b 1.8920.05a 2.5320.01h 2.59+0.02a
FJET R Severe drought 2.19%0.08a 2.05+0.04a 1.79+0.0la 2.99+0.09a 2.86+0.11a

®8 AREFELET 5 MIFETRERRB LR L H LK

Table 8  Comparison of the Foliar carbon isotope composition (8 3C) of five economic forest species under drought stress treatments

) 3C/ %o
THAb -
Drought treatment TER %k K Mt Wik
Z . bungeanum J. regia Z. jujuba L. chinense H. rhamnoides
XHR CK -30.53b -31.67d -30.81b -30.01b -29.99b
HHE TR Light drought -28.44a -30.24c -29.65b -29.03b ~29.06b
HFE T 5 Moderatedrought —28.26a -29.35b - 28.86a - 28.26b - 28.36a
T 5 Severe drought —-28.04a —27.99a —-28.53a -26.93a —-27.34a
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