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Abstract: In this study, two naturally regenerated, five-year old shrubs, Prunus davidiana and Prunus sibirica L. , in
semi-arid and hilly-gully loess region were used to investigate their characteristics of gas exchange and the relationship with
the environment. The study intended to provide a scientific basis for the rational allocation in vegetation construction. The
temperature ( T,), CO, concentration ( C,), and relative humidity (RH) in the air and photosynthetically available
radiation ( PAR) at the leaves’ levels were recorded with Li-6400. The diurnal courses of their net photosynthetic rate
(P,), transpiration rate (T.), intercellular CO, concentration ( C;) and stomatal conductance (G,) were measured in the
field in the Chemingyu Forest Station in Shanxi, China (111°04’ ~111°21’ N,37°03"' ~37°20" E).

The results showed that the diurnal change in characteristics of leaf-gas exchange parameters was different between P.
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davidiana and P. sibirica L. All measured physiological parameters, except transpiration rate (T,), of P. davidiana
exhibited a single peak of diurnal changes, while the style of diurnal change of P. sibirica L. in all measured physiological
parameters presented double peaks. The decline of net photosynthetic rate (P,) in afternoon was mainly caused by non-
stomatal limitation. The daily average P, ( (7.64 +3.69) umol-m?-s™") of P. davidiana was 46% higher than that
((5.29+2.97) pmol-m *s™") of P. sibirica L., and the daily T.((2.21 +1.02) mmol-m >-s™") was about 40%
higher than that ( (1.58 £0.57) mmol-m *s™") of P. sibirica L. , and the daily water use efficiency was not significantly
different between P. davidiana and P. sibirica L., and was respectively (2. 89 + 1.52) and (2. 54 = 1. 37)
wmol smmol ~'. Correlation analysis and regression analysis showed that the photosynthetic active radiation ( PAR) had the
greatest effect on photosynthesis and transpiration, and CO, concentration in field (C,) played the second role. In addition,
the photosynthetic parameters themselves had obvious correlations with each other.

It was concluded that P. davidiana and P. sibirica L. all put up higher P, and WUE, and lower T, physiological
characteristics, thus they had better potentialities in Exploitation and utilization, and introduction and cultivation in semi-

arid Loess Hilly region.
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Environmental factors
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Fig.1 Diumal change of net photosynthetic rate( A) and intercellular CO, concentration(B)
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Table 1 Daily average value of main leaf-gas exchange parameters in P. davidiana and P. sibirica L.
H i SARR S5 Leaf-gas exchange parameters

#Fl Species

i P,(pmol-m~%s~") T,(mmol-m~>s~") WUE ( pmol » mmol ~1) G, (mmol-m~2%s"1)
18k P. davidiana 7.64 £3.69 2.21 £1.02 2.89+1.52 162.36 +83.96
14 P. sibirica L. 5.29 £2.97 1.58 +0.57 2.54 +1.37 102.01 £40.29

SEHME £ hRnfEE Average value + standard deviation; P, : ¥4 343 Net photosynthetic rate; T, : Z&/¥ 4R Transpiration rate; WUE: 7K43F|
R Water use efficiency; G, : XfLF ¥ Stomatal conductance; T [f] the same below
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BEANLLAS B HalE] COYREE (C;) H AR BB A P, AAH I (B 1B) , C7E R 1 & Bk B i fE, B
2P TR FAR Y, 76 11:00 245, LBk LA ) €43 512 221.3 pmol-m ™ s™",137.6 pmol-m™*s™', 4 P &K
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Fig.2 Diumal change of transpiration rate( A) and stomatal conductance(B)
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Table 2 Correlation coefficients between environment factors and photosynthetic and transpiration rates

#WRh Species 2% Parameters PAR C, RH T, T

18k P. davidiana P, 0.931* -0.663* -0.431" 0.786 0.729*
T, 0.753* -0.774* -0.571* 0.830" 0.796 *

W45 P. sibirica L. P, 0.923* -0.558* -0.516* 0.616* 0.668 *
T, 0.932* -0.701* -0.624" 0.594* 0.652*

# Correlation is significant at the 0. 01 level (2-tailed) ,n =108; PAR: Y& A %4E 5}, photosynthetically available radiation; C,: KX, CO, Y&
CO, concentration in field; RH: #HXJ¥EE Relative humidity; T, : KSIREE Air temperature; T): M E{R B Leaf temperature; T [F] the same below

Ik P, = -18.172 +0.412 x PAR +1.076 x T, +0.328 x C,, R* =0. 981

17 P, =23.126 +0.216 x PAR -0.445 x C,, R* =0. 961

B ESER P, SR F Z A AR MBS TR B E K (P <0.05) , A P, 5& 1 FHF KA R
BORE m[EHREIAE BEHRE L (3R 3) . RIPZmILSKAILA P, EZEREF& PAR, B5 P,IHXRE
A HERET, BRI BEK Y. CHEEMLENEZRER, MREMHEXNEES P, AR/,

T, 535 F AR R LT EIH 45 R (R 2,38 4) R W], PAR .C, \RH T 1 T#R5 LBk A1 LI A5 (Y
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RIEHERA — AR, BIRREE , WM TR EZRERTHRZR . BrlE TLHEERT
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Table 3 Multivariate regression analysis of net photosynthetic rate

W SR UIEVEES PR 2 ARG R EL
Species Parameters Partial regression Std. Error Partial coefficient
WLk P. davidiana % Constant -18.172 1.032
PAR 0.412 0.008 0.963
T, 1.076 0.039 0.939
C, 0.328 0.014 0.930
W45 P. sibirica L. % Constant 23.126 2.035
PAR 0.216 0.007 0.937
C, -0.445 0.031 -0.626
x4 EYHHFEBERGEES R
Table 4 Multivariate regression analysis of transpiration rate
R SR i 111 =1 2R PRk 2E AR R 5L
Species Parameters Partial regression Std. Error Partial coefficient
WLk P. davidiana % Constant 19.761 9.983
T, 0.186 0.042 0.823
RH 0.059 0.012 0.683
C, -0.052 0.023 -0.509
W45 P. sibirica L. % Constant 7.847 1.237
PAR 0.047 0.017 0.938
C, -0.011 0.003 -0.782
RH 0.026 0.019 0.699
3.4 KPR RRCRR H AR —8— LBk A.davidiana
LRI LA - 77K 2R FA R (WUE) B 224 id 72 spo 8 Wi Paibirica L.

H5EBRGEEFE(P,) H L MAREA —B(E3),
WIBkH WUE g B0 i 2%, 5 KB (4.3 pmol - mmol ')
HBITE 11:00 24, WA K WUE Ry 3 £, KA 1E
HPTE 13 :00, B = W E 43791 H BRAE 9 :00 F115:00 72
4, TR WUE 2B & T L7, X5 —BRED
e BF B WUE B RIEARRY" . K WUE H #{H
B,k 5 LA M AHZEAR K, 450 R (2. 89 +1.52)
wmol -mmol ~', (2.54 £1.37) pmol-mmol ', {HA[F]H

Water use efficiency
8]
T

7K 43 FIZEE WUE (umol-mmol ™)

-1 | | I

Bz 25 LB B, B4R B By WUE DLILBE B 2

BT I, TG B o

3.5 Y AOLEERFHMES B

07:00 09:00 11:00 13:00 15:00 17:00 19:00

B3 bk Ay kS A R B H ARG

Fig.3 Diumnal change of water use efficiency
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Table 5 Correlation analysis of leaf photosynthetic parameters in two tree species
W F] Species 2%} Parameters P, T, G G,
1Bk P. davidiana T, 0.913*
G -0.812* -0.889*
G, 0.778* 0.597* -0.212
WUE 0.816* 0.574* -0.467* 0.735*
145 P. sibirica L. T, 0.894*
G -0.932* -0.919*
G, 0.779* 0.976* -0.869*
WUE 0.916* 0.611* -0.830* 0.457*

* Correlation is significant at the 0.01 level according to pearson correlation(2-tailed) ,n =108

s GRS

M AR B AR LS AR R M — K AR AT R R S AR BRI O R T Rl R
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o —RHPILIBEK 6,— BT TREREHEE P, T I EA BT T B, BB SALIT BE #I8/N B A 980 % it
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BENX R . APFFRRY, IWBANILATE 4R 3800 = IR AR A5 T 2 3 2808 T Feta e, S HAE K 73
FIF RS RAEY) B — oA 3R A, BRRBS 1 2 R B Z8 I AR FA 7 1k 2 BE 2R K, SUR B2t & /e R i B
B, RPN T 52 b DX R R AR BRI SRIE N BB T o LB RNIL A A B R A B 3 T, L AR KA 3 8 JR b X (1 4
WP PUEYIE NG & . NZEIBHEAE BT, LA RIL A BEE R # - RR T ROk A ST S, K&
PANEZ R I, IR A 224545 T PR3 sk PRI 5 £ 30K s B0 P e H b o 78 L B3, Lk Fn 1L 25 43
A/, R R T B 55 B3 % BR R FE A 55 A R

TEHRKHT MY HOEE R % 225N AR SR A 5 A B R R A > o ASBFsudEad Atk
Mt X Z T EE ST R B, XS PRI T & , PAR 22 m ILBkFIL A L SR EE W ASE F, HikKE C,.
T T A TXF Ik G & FZE IS VR AR A 5 B A . (BERE Y MBS AR EAE Al S PR A S F v, &
PRI R TR e BN S 2 B — DS, A — BN AR 9, TR o A e RS . R TFRh A 5ot
AVERAR RS A M, RFRBFE RS RIEA R DBREL " BFFiEs 8 A M H# A P, 5 G,
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H,P.5 CEAHBMIEMXKR, AMREGEREN, LBkMILAW P, 5 CERBEIEMR, 5 CREAMEX,
X GHOME S AR SR — B EILBkE 6,5 C %A W B, R FEE— 51
W5

FEPFEA R B HAAAE — R AR BT B, F R B AR S E AW fL, B i, % FF- 38 WUE SRIEHHE )
HREERE. ARBEYA S WUE ZH080K, EREE IR ¥ Sy K WUE BERT%EHEY ;%
BV IRE , SRRARAFER PR COLERBERE N (M — Y (EAREAMY) , BAR
E5 1) WUE ; Nobel ** }\ Sy 5t KR ( CAM) ¥4 1) WUE . C, 1 C M7 ; Farquhar 227\ 3k C, F1 CAM FE ¥ 1
WUE W, C. Y5 . AMREWHILFILA K WUE 5| 2. 54 p,m01°mm01_15ﬁ] 2.89 |.1,mol-mmol_1 JEAR S
FA B L LA AR o AR AR WUE (1,04 ~2. 18 wmol -mmol ™) , 15— 2 el Al (47K 45 . B PEHR
1 XGRS ) P it WUE (K25 2.56 ~3.48 pmol -mmol ') AH2EAR K, Wk + 5 B ™ WUE 19 60% 72
o BFLE S BBTIE R B, WUE 50 fH HH BUZE 2R B R 220, A B SE 45 3R S5 07 i 48 SRAR I, bk
57 WUE fyEig B MR F T . XBRTHADFEARRIMIREEZ S, 38 0] 585 W B 8] b X %3R5
ENGEESS

Lia EIRGSIRF, SHERAA ) IS I R B RO AR BRI R R K
S FIFARER M AR BRARAE , R T AEE T 28 £ R BR XA A5 R 5 R R R 1. BARTER & ZH, 1L
Mk L LA 6 & R K 43I P AR RIS — 2, LR R A 7 B — 25 I RO 5% o
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