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Effects of slope position on gax exchange charateristics of main tree species for

vegetation restoration in dry-hot valley of Jingsha River
DUAN Aiguo', ZHANG Jianguo" * , HE Caiyun', LIU Juanjuan', ZENG Yanfei', CUI Yongzhong®, LI Kun®

1 Research Institute of Forestry, Chinese Academy of Forestry; Key Laboratory of Tree Breeding and Cultivation, State Forestry Administration, Beijing
100091 , China
2 Research Institute of Resource Insects, Chinese Academy of Forestry, Kunming 650224, China

Abstract: Plant photosynthesis and transpiration are important reference indices for evaluating adaptable ability in adverse
habits. In extreme growth environment, the selection of slope position is often becoming the key factor determining the
success or failure of reforestation. Valley-type savanna is a unique type of savanna that develops in deep-incised river
valleys, such as those of the dry-hot valleys in the Hengduan Mountains, southwest China, and the total area of this type in
China is approximately 3.0x10° hm®. In the dry-hot valleys of China, the dry-hot valley of Jingsha River is typical, where
the environment shows the changes from dry-hot to wet weather in one year, and because of its long dry-hot season, tree
species often are difficult to survive and grow well. In this study, based on the consideration that different slope positions
have different soil and atmosphere condition in the extreme habitat, the effects of slope position on photosynthesis and
transpiration of nine main tree species for vegetation restoration in dry-hot season and wet season of the dry-hot river valleys
were analyzed. The trial tree species include nine species, there are Azadirachta indica A. Juss, Leucaena glauca L.
Benth. , Tephrosia candida DC. , Eucalyptus camaldolensia Dehn. | Acacia auriculiformis A. Cunn. , Melia toosenden Sieb.
et Zucc. , Dodonaea viscosa L. Jacq. , Phyllanthus emblica L. and Jatropha curcas L. These tree species all grow in fields.

The results showed that; comparing with upper slope position, lower slope position was in favor of keeping leaf net
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photosynthetic rate (Pn) a relative high level, but this favorable effect of lower slope position on Pn had obvious difference
among different tree species. The effect of slope position on Pn was more obvious in dry-hot season than in wet season,
while in wet season the favorable effect of lower slope position on Pn decreased at great extent because the dry-hot stress got
relieved. Photosynthesis restriction, induced by raise of slope position, was mainly controlled by non-stomatal factor.
Whether in dry-hot season or wet season, lower slope position both promoted transpiration rate (Tr) of the tested tree
species, which was accordant with the change of Pn. The change of water use efficiency ( WUE) with different slope
positions was relatively complicated, the effects were different among different tree species and between the two seasons. It
is obvious that the lower slope position benefits the photosynthesis of the tested tree species, and which helps trees to spend
the dry-hot season. Because water deficit is one of the main factors that restrict the growth of tree species for vegetation
restoration in the dry-hot valley of Jingsha River, and the leaf water potential of trees in lower slope position is more higher
than in upper slope position, it can be knowed that the difference of water condition may be the main factor that cause the

difference of photosynthesis in different slope positions.

Key Words: dry-hot river valley; dry-hot stress; net photosynthetic rate; transpiration rate; water using efficiency;

slope position
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Table 1 The main weather factors of Yuanmou dry-hot river valley on typical sunny day in dry-hot and wet seasons
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Fig.1 Comparison of daily change of net photosynthesis rate ( Prn) , stoma conductance ( Cond) , intercellular CO, concentration ( C:) and

transpiration rate (7r) of 5 tree species at different slope locations of dry-hot river valley on typical sunny day in dry-hot May
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Fig.2 Comparion of daily change of net photosynthesis rate (Pn), stoma conductance (Cond) , inter-cell concentration of CO,( Ci) and

transpiration rate (7r) of 8 tree species at different slope location of dry-hot river valley on typical sunny day in wet October

TEE 3 MM ERALE

*2 TRAEREEVELSEMKHMFMEREWEAE Pe . Cond ¥ Ci WEEENEEFE ST
Table 2 Variation analysis with repeat of Prn, Cond. , Ci of different slope location for tested tree species in dry-hot and wet seasons
BE(H P-value

5 A (FHET) 10 A (R )
) Fp May (dry-hot season) October (wet season)
Tree species Net Stomatal Intercellular
photosynthetic conductance  CO, concentration Pn Cond. Ci
Rate (Pn) (Cond) (Ci)
HARA WK Leucaena glauca (L. ) Benth. 0.0011 0. 0000 0.3979 0.5182 0.0021 0.2377
JIIBR Melia toosenden Sieb. et Zucc. 0. 1491 0.0287 0.4250
KIAHE Acacia auriculiformis A. Cunn. 0.0001 0.0000 0. 1460 0.014 0.0379 0.0265
EBR Azadirachta indica A. Juss 0.0002 0.3910 0.0012 0. 1969 0.0703 0. 0466
/M Jatropha curcas L. 0.0029 0.0003 0.0150 0.0007 0.0016 0.2981
AHF Phyllanthus emblica 1. 0.0017 0.0048 0.9332
#.3F Dodonaea viscosa (L. ) Jacq. 0.0004 0.0002 0.0165
I5KE Eucalyptus camaldolensia Dehn. 0.1815 0.2603 0.0148
W52 Tephrosia candida DC. 0.0258 0.0903 0.0021

A1 RL R 7 al AR AR, 3 sl SR B Pr R &AL, Cond JRF B, 7E 268 K20 21 Ci
LT, R U B T ARG BRI A K A 32 2l AR AL BRI 3R 32, RV 2 R Bt &5 A0 75
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23 AR T TG KON RISE A7 1 5 ANMRRTE 5 0 T T B0 28 1 78 F S5k 0 R RCR H33ME., A
223 JeIE 1 RTAL AT AR /I T AE IR IR A 25 I AR e = TR BT 1L 18 A IR B AR A Xk
R IR BRSPS T 71 265 0 3 S TR AN [R) 2 B 28 m , 43 50l 35 T 86. 84% .63.93% \22. 15% , EPIRAEAS [ 37
1z 1 AR R E . X RIMRAY B AL 98 TR 22 s R J7 220 Mgl R SR B, JHBRAEAS [] 3 o2 8]
7R TR 22 SRR B K OF (P<0.01) /N 75 3R A G 8 35 7K 7 (P<0. 05) |, T ERBR 5 R i A S B ok
K EKF-(P>0.05) o K AHE 53R G U 7E 7% I S 348 o2 1 [ B, K 43 R 803 A i ss i, 43 511 38 Jon
T 66.86% Fl 12.97% , Hrh R AR B TESE IS 19 7K 20 1 FH 808 AR 2578 T rh 3 (P<0. 01) 5 ERBRTE S IR B 7K 43
FIHRCR B3 I (P<0.05) , FFHIREE R 140. 37 % 5 107N K 1 BRTESHORE IF K 23 1 FH SR T B, [ 43 il
$30.14% 12.12% .,

®3 5 ATAFETHTEREXAEEAIREMFNEBER(Tr) 5SKkaFBARE(WUE) HiSE
Table 3 Daily average of transpiration rate (7r) and water using efficiency (WUE) of 5 tree species growing at different slope location in dry

and hot May in Yunmou County

Z& /%R Transpiration rate/ ( mmol m™2 s71) K43 R FHRCE Water using efficiency/ ( wmol/mmol )
o e g o a4

i Fh Bottom of slope Middle or up slope Bottom of slope Middle or up slope
Tree species ERCOFROPME BB TR OTISE BB FROFSM R TR P

Upper  Lower Average Upper  Lower Average Upper  Lower Average Upper  Lower Average

limit limit value limit limit value limit limit value limit limit value
TR AH R 2.89 2.17  2.64 229 1.98 216 1.69 1.49 1.52 1.09  0.70 0.91
HERA R 7.30  5.99  6.64 592 2,17 405 1.49 1.44 1.44 1.38 1.10 1.27
E 2.40 1.72 2.04 2.49 1.52 2.05 1.71 1.07 1.49 0.79 0.43 0.62
IR 4.37 4.37 4.37 2.81 2.10 2.34 1.25 1.25 1.25 1.43 1.27 1.43
AN TR 437 076 2.23 0.22 0.16 0.18 1.25 0.73 1.19 2.33  0.87 1.70

2.2.2 {BEZ Tr \WUE B850

& 4 AN 2 B 8 I AN LE AN [R5 B A 28 I A 5K o FIURRCR H YA, di3e 4 Je&1 2 al s,
LT IR G SR A AR B B 2T I BT G M R R T BN A 6 MR TESOR 178
i R T e E b SRR YO AR 115.84% 85.96% (58.32% 49.72% 48.91% 15.73% , 1
h BRA R AHF BRI R (P<0.01) | EPBETA I3 2% 5 (P<0.05) |, Rk 5 R i AR 1 78
BRI Ak, IR, 5T IET — B 7R N 2 AR A 3840 SN R AR R 0 ZE BB AR T, ke |
KMAHE BN ZEFRT /IMI T S ASRIFRAESI IR B 8 7K 20 1 FH 385035 8 1w i L 395 A% [ — A o, 38 g 43
K 44.43% 40. 12% .36.02% ,20.51% 11.98% , B4R A XK A H F S ENBRAR I, 70 5 F % T 48.19% |
11.25% 10.19% , Horh G 5 4387 17K 0 R ROCRTE 2 ASAS RIS A ] ik 4 B 3 22 5% (P<0..01) , 1L
BG IR T BRI AR S 4 AR IR B E 255 (P<0.05) , X H FAIEIBR2E 5 R 3% (P>0.05) .
3 £’ 5itie

3 2 I AN [ 39 67 A AR AR R T AR S 2R A i SR SS e S50, LIRS A 5 e i AR ol A 4 22 S 1
A FEALHIHEATHRET, 25 SR L B (1) AR A3 05 A B FAR R AR AR 30 o A il 38 LSRRI A 1 o6 A 3 2%
SN DRLRS Ao 1T S5 5 T B B VRIS P9 06 15 484 4 R0 B kg B 8 i Y 2 ke T A R I
IR 25 8500 HLA R B R th 307 25 I e A R R Z IR R =S, (2) BikkET
TSR, 51500 A R B IE T — B0 AR AL 36 FI T A2 s R 02 5 . (3) KGR
AR FEMAECR 2% BRIl S 2= T
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Table 4 Daily average of transpiration rate ( 7r) and water using efficiency (WUE) of 8 tree species growing at different slope location in wet

October in Yunmou County

Z& 538 R Transpiration rate/ ( mmol m™2 s7') KA R FRCR Water using efficiency/ ( wmol/mmol )
W L TR el rhgal 1

W Fp Bottom of slope Middle or up slope Bottom of slope Middle or up slope
Tree species BRSO OCPHME BRSO R PIE R R PMME BRSO TR FHE

Upper  Lower Average Upper  Lower Average Upper  Lower Average Upper  Lower Average

limit limit value limit limit value limit limit value limit limit value
KitAHE 2.33 1.87 2.12 2.34 2.10 2.22 2.55 1.81 2.38 1.68 1.71 1.70
WEE 1.51 1.30 1.37 1.78 0.67 1.19 3.18 2.88 3.14 2.31 1.67 2.22
A 313 2,73 297 1.8 0.97 1.38 221  1.66 1.99  3.48  4.32 3.84
E[I75 2.26 1.86 2.06 1.76 1.01 1.39 2.32 1.84 2.10 2.42 2.21 2.34
RHETF 2.37 1.82 2.12 1.40 1.27 1.34 2.09 1.72 1.95 2.40 1.96 2.19
DINi'S 6.35 5.10 5.62 6.01 5.01 5.35 1.35 1.00 1.22 0.85 0.73 0.84
ERT 2.68 2.28 2.48 1.80 1.52 1.66 2.04 1.95 1.99 1.72 1.57 1.65
/T 4.84 2,13 3.53 2,28 1.49 1.90 1.82 1.75 1.80 1.67  1.49 1.61

TEVAFE RS AR [R50 A AH RGN ol it 7 St 2= AR AL O BIE5 h © A B, 45 e BB AR FUABE AR AR 3 57 )
TR KA AR — AR KT B % 03 25 (AR X S SORE B0 2 S i S B0 T R R K
G AAT I 22 5 DR DR M AE TR YV T T 4 AR AL AT LU SR R0 A R A SRR ) AR v fi
R FEARIEOL I Pr 55 Tr B0 T 07, 1X— PR R G (RSB L AR Eﬁ%é‘ﬁk%m#’%%ﬁ?ﬁﬁﬂ?
AU T 55 PR 5 RE i A 3248, IS U 7R T T 45 DX R RIVR O T AR F 8 A0 s B e ME S iS00 1B AR e
REE A, B PR R, 1 2 A0 ) v R ARt . AR P 55 Tr 35028800 1R 22 53, JCBE 3R A AN (]
ARSI A A PRS2SR LA — , SR 5 AR e L AR 37 B 5 E MR o, /I 7, A A R g g
e B 5 ZEBE LT3, RN A REIEAT IEH 1Y 2R BIIE 3l Sc7E e 3R T REOUE BT BOIR BOK 73 25 AR Y
T IEMR,
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