5509 %5 11 1 H = 2 b4 Vol. 29, No. 11
2009 4£ 11 H ACTA ECOLOGICA SINICA Nov. ,2009

AR LEAS FHETHREDREERLEEER.
B A1E R KoK Tl AR R RHIE

>  ==1,2 L« 1,3
=) AR ,*% é]b ,XU%%‘

(L WSS RFAE AR AR, PRI S 01002152, wh AR B B 52 JRBEFLT, WA 46 0100105
3. Sl R RS ASIR B, IP AN 46 010019)

FEE R A LI-6400 R0 G RGEXTEF MR A5 (VAR B F1 H [EAS [F] H3K 43 25 446 T o B U B AR 10150 & B N
FERE R FoK 43 FIRBCRAHESEAT T WA , 25 R R0, o BB BRFE K 4 SR B M AR R P Y R IBR AR VE 07, 36
AR SR FE 2 RGR MR IRERE N, BRI B R OGS B KR AR K R R E AR S,
S o % T o AV 2 R 4R 1R /K 43 PR SR & L 5% , Mo & TR R AN 78 I B R B R (R 73 &, R R R D & B SR R IR BE T
R BERR A PR FFER I BB A 28, ERR I /K 73 P F AR R 8 TR o VT DL, 7 R AR Wk Bt A B AL R HRtR O T , AR X 488K o
W RILE T SR AE N, R K AR LRI T R SR

KR VDR P BV MEHE SRR KA R G AR ZE BB 2R K AR AR

X E 4SS :1000-0933(2009)11-6025-10 HESFES Q948 TEAFRIRAD:A

Effects of soil moisture levels on photosynthesis, transpiration, and moisture use
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Abstract: Net photosynthesis and transpiration rates of female and male individuals of Hippophae rhamnoides ssp. sinensis
were measured under different soil moisture conditions using the LI-6400 portable photosynthesis system. We studied two
habitats corresponding to high (gully) and low (slope) soil moisture. We also applied four levels of soil moisture to plants
grown in our experimental farm. The results showed that H. rhamnoides ssp. sinensis performed better under higher soil
moisture conditions. Net photosynthesis and transpiration rates were mainly affected by photosynthetically active radiation
(PAR) and air temperature (TA). Male plants were characterized by higher photosynthesis and transpiration rates and
higher moisture use efficiency. When soil conditions were drier, female and male individuals adapted by reducing
transpiration and increasing moisture use efficiency. During these periods more factors affected Net photosynthetic and
transpiration rates. Photosynthetic rate of male individuals decreased greatly, whereas female plants maintained higher
photosynthetic rate and exhibited higher moisture use efficiency. We conclude that female individuals of H. rhamnoides ssp.
sinensis are more adaptable to lower soil moisture. In contrast, male plants are much more sensitive to changes in soil

moisture.
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Hh [ Y8k ( Hippophae rhamnoides ssp. sinensis ) ;&8 8 R 8 AR XA ——0 B — LR, 2 3
A B M B B — AN AR P B YRA AR AERE S ARSE R TR E RS M K R B R AE TR K+
TR E R E L X AT BEUGR AR JFIESESE, KIE T BERNRFK L B A SRR, Bk,
FHEMFEDBMT KBRS, EBEFEBEMAERT " K AR Sk A
B2 e MR Y ORERETRA T T, H E DR SR M SRR A , YR BT
G5 R K SR, T M R AR R A H R R R LR R . FETK R E R, T ~8 A
By o E YRR R A A2 A 2R 0. 69em/d, MERR g 0. 52em/d , ZEMERERRIT A 150 , 2 U MERR ) LTS 3% LU MERR
W5 15% it o AR BV BRMERERRTE K 20 A 3 A @ Ve B B IRAEEEAT AR 22 577 MERERRTE SR 557K 43
ROCK HEBAURT , & B RBURIE RN SRR 47 ARSCAARE 5K 405500 F b BV R bR 1006 & 1R 28
FEAE FH LA B K 43 I FRBCRAFAE AT, o o [ 0 e A Aok 149 7K 23 A B A 28538 o PR LB AR — 25 IR, AT
7K - SRV T S S B TR v R A 34 A1 v L R A R 1) =2 ) P R R 22 R SR LB .
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B RHR R EECRTF * E R £ B S BT K 2 —, T AR KA 4 39°46', 2
111°07", 14K 1130m, SAJE MANR W T 2%, £ F YRR 6. 2 ~ 7. 2°C, I LR - 32. 8°C, i & I
39.1C ; 3 4EFEK & 379 ~420mm, EHF 6 ~8 A K E HEMREKER 61% ; F3¥78 & Bk 1098.7
mm ; &2 XTSI %, AE R 2 ~3me-s ™', RIUA 3010 ~30d, 8N LIRES AN B RS+, W
X T EFUE N B A R EARR B4 LA A . R X A A P DR B SR BT, X AR AR
AFAESETS B b E U BROMEMERR A T IS L X B AR 58 23 S R 7K o3 2R (AR B8 1A i ( 3B E 7K & 15.77% )
K3 S 2 3 ( HIEEKE 5. 62% ) . WA KIER B RERMERN S E Y BMEREE T RE
1.2 HERK BT

FH (BRI 7E A 58l K5 A Rk 22 2 B 1R 2 e PR T, 00 UM 2 14 B TR 2 T 5 KB U, 4R 48
SR 6. 1°C  FEREM & 400 mm o7, WEHRZ R 7.8 A, HRFER, ML, TR RE 1.

SR FA/INER T 7 -3 H TE) 77K 0 27.19% ARIEEE DA 38 & 7K 8o F )R K B 75% K o3 id .
BP 357K & 20. 4% 15 g%t B 55% S B 2 e B £33 5K & 14, 96% 40% Jy v BT 5 b8 B 38 5
7K & 10.88% \30% N BE T2 ha B+ 57K & 8. 16% , /NX i) A 13 b (s R R BB T, 8 K b 7Y
W 13K o &, A FAL IR ZE DA [R] B HE K Bk B g Bt M AH M, 58 8K &, X 2 4R AR op B U OME A
KRN HATAL I, AL 3 RER . TRIHELHE 10d J5 #1766 3R FE M R A E
1.3 Bobd BRMZE B E I E
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3 AT & 1 AR MM, A 6:00 ~18:00 4 2h l5E 1 IR, %A HFE (net photosynthesis rate,
NP) ZX % # 3 ( transpiration rate, TR) K Y& A %48 4 ( photosynthetically active radiation, PAR) .S L& &
(stoma conductivity, COND) . ZH}fi[E] CO, ¥ i (intercellular CO, concentration, CI) . HJ& (leaf temperature, TL) |
B (air temperature , TA) .25 S AHIX 1R E (relative humidity of atmosphere , RH) 253855 25 H LI-6400 {F#£:6
B ARG FZ I, 7K 7 IR (water use efficiency, WUE) = NP/TR, Wl 5E 453544 T H R F LI-3000A fE 4%
ot T AR E TR AR
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Fig. 1 Diurnal dynamics of NP (a) and COND (b) of female and male individuals of H. rhamnoides ssp. sinensis in different habitats in Wu-
fen-di-gou study area

G: ¥JiE Gully,P: 31 Slope, F: Mibk Female,M; #ff Male, T |5 the same below
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PAR A o VR IRk e i & i 300 o) 6 5 S FL A0 ) Al LMo , B 48 7K 43 o e
COND T, CO,BE M Jr ZBHT G A T J5 & 487K 20 BB i & BTs 1 B i 2RI T S 20L& 48 5Ot
ETEPER T SALIRGI R EZHIYERE CT B AR LR B FI TR CT ARG N P bk mT RUKI i, 72
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Table 1 Correlations between net photosynthesis rate and factors affecting photosynthesis rate for female and male individuals of H. rhamnoides
ssp. sinensis in two habitats of the Wufendigou study area
SALFE Ja I — 44k Bk R KA E HEHBARS

i H Ttem COND WeRE CI TA RH PAR
HLA R NP WIRMERR GF -0.026 -0.514** 0.257** -0.140 0.826**
K HERR GM -0.212* -0.832** 0.684** -0.530 0.933**

W MERR PF 0.543** 0.271* -0.373** 0.404 ** -0.035

Y1 Rk PM 0.616 ** 0.409 ** -0.651** 0.699 ** -0.066

* FNFE 0.05 /K B FE AL * Correlation is significant at the 0. 05level (2-tailed); # * FR7E 0.01 KB FHAH K « = Correlation is
significant at the 0. 01level (2-tailed)
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2.1.2 HEAREHOK D F T OUEVERRE

FEK SBR[ U M AR ok & R, B BIME S 10. 641 pmol CO,»m s ™' I
11. 283 pmol CO;ym™*s ™", 22 FR B2, MEME RO A 3R B AR 2 T RIS 2R , F AL R B R & e %%
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Fig. 2 Diurnal dynamics of NP and COND of female and male individuals of H. rhamnoides ssp. sinensis under four levels of soil moisture in the

experimental farm
I : 7K4>& B Appropriate moisture, Il : %3 T 548 Mild drought stress, I : H BT 52438 Moderate drought stress, IV : i T Sl Severe
drought stress, T [fi] the same below
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T, TA ZERCE Bl T MRk NP BRI 7, HERR I NP ZAESALE R 52, [RIRHE 2 TA (PAR HIFRH .
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2.2.1 BFAMR[RIAESE T 28 RS AF FARFE
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6L H BN 18] U Y41 JEG A MERRHESS , MERR B 2B R R AL T T FRRES ,6.:00 ZE R A (H 3) o
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Table 2 Correlations between NP and factors affecting photosynthesis rate for female and male individuals of H. rhamnoides ssp. sinensis under

four levels of soil moisture in the experimental farm

HiH ltem SITE i ] — 4R A IR AR HeEHRERGT
COND WREE CI TA WEE RH PAR
HOLAHAE NP IKGrIE EMERR T F 0.824** -0.439** 0.286 0.083 0.843**
IKGrIE EHERR T M 0.953 ** 0.576** -0.275 0.370* 0.231
R A MR TF 0.985** 0.723** -0.423* 0.708 ** 0.426*
B2 BE i HERR TTM 0.847** 0.589** -0.104 0.596 ** 0.483**
e BE s 3 Ak TP 0.616** -0.356* 0.449** -0.106 0.711**
e B2 Jhip A8 Mdk I M 0.708 ** -0.307 0.525** -0.385* 0.785**
AR IVE 0.824** 0.014 -0.564** 0.374 0.015
HEE I E HERR VM 0.874** -0.712** -0.598 ** 0.022 -0.621**

* FIRFE0.05 KRB EHEL = Correlation is significant at the 0. 05level (2-tailed) ; * * F/R7E0.01 /KF B FEHHE « * Correlation is
significant at the 0. 01level (2-tailed)
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Fig 3 Diumal dynamics of TR (a), TA (b), and RH ( b) for female and male individuals of H. rhamnoides ssp. sinensis in two habitats of the Wu-

fen-di-gou study area
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HNERIREZEE /N, TR T TE/K 73 A 22 , MERR B TR 5 COND \PAR 21} B3 1EAHR , PAR B3 AT LAfE
fit COND {7+ , AT 52 i ERR ) Z8 S A T , S T RERR 9 TR 5 COND \RH 2% B35 IEAHSE, 5 TA . PAR 2%
BEMBE AR, BRI & 3058 N TR Y TR, X S63R5 N 7l 3 22 COND #E—255300 TR,
2.2.2  HIEAR LK 50T 2R /E RHE

AKAEE B, P EY R ZEBERE T B ER, HBHES 5K 7. 036pmol H,0+-m ™2 s™"
6. 844 mol H,0-m s ™" EMERR Y H FERR AL LU0 Y 285 352 BE T S b 30 , M ok 1 28 6 2 % H 189433
TRER] 4.782pmol H,0-m s ™'l 5. 049 wmol H,0-m s ™", MEMERRIR] 22 5 R .35 , ME PR 33 % H iR il 2%
FEFEIK I8 B FIMERR R B R ; h BE T R A , MERR I ZE RS R A e R 7R B T R I 7K F , B
9 4. 833umol H,0+m s~ THEVR OIS HER T WEE KR T S BARTA) 1/2, I 2. 492pmol H,0-
m s MERRIY B R 58 4 A U 2R, R 1) I R 2 B Y 2R 5 B T R T, A R 1 2R R
BHE TS 4. 334 wmol Hy0-m s ' 1 2. 171 wmol H,0-m s ™", F FIE BEA K, b it ERR () 25 1 o R 22
VT THERREY 2 1% , MERR A28 18 2 H AR BR , 14 :00 BRIER]— K R /ME , 16:00 SCBEFH B — K P 8RR
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{8, FERR B2 R H AR, At 14:00 tisk F—K AP i E/IME(E 4) o

F3 EHigRNRAEEEREDRESEREBERS &R TFREXES T
Table 3 Correlations between TR and factors affecting TR of female and male individuals of H. rhamnoides ssp. sinensis in two habitats of the
Wufendigou study area

T H Ttem SALFEE COND KRAEE TA S MXHEE RH HeAARERS PAR
KM% TR R MERR GF -0.034 0.435** -0.282** 0.768 **
IR GM -0.182 0.807 ** -0.667 ** 0.855**
eI MERR PR 0.387** 0.221 -0.014 0.473**
W R PM 0.846 ** -0.661** 0.717 ** -0.232*

* F7NAE 0.05 /KB F A& * Correlation is significant at the 0. 05level (2-tailed); * * F/RFE 0.01 /KB FE ALK « * Correlation is
significant at the 0. 01level (2-tailed)
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Fig. 4 Diumnal dynamics of TR (a, b), TA (c¢), and RH (d) of female and male of H. rhamnoides ssp. sinensis under four levels of soil moisture

in the experimental farm

MRS RI (R 4) AR LK FET , HEDHEER B EE S COND 2 B3 EAHE, ULH
COND 2550 rh E Y B R TR (I EZH F, COND X &HiE & A EHE F LAk, 26K 4 E TR
BET R8T, MEERR Y COND B PAR (3580 T+, HETTT 30 TR 972810 ; o BE T 238 T, BEREvE
i) TR [RlEY 5% TA 71 PAR (5% BT R Mma T , MR N T 8 it 28K, Brh COND B4 TA F
REAIK, 3L TR [T R, THULES 9 PAR XTHEMERR ) TR 7= A R FE M0, BEE PAR 3658 , MERRIG TR L7t
R TR T [,

2.3 KAFIFHRE(WUE)

IKAFIFAZR (WUE ) 2R YK R B — A BB IS b5 . RIEHY B ¥ Al R R HE R, 7 IR
HAR Y B R B 7K 23 FI PR3 (NP/TR) | R BRI SEAE ) TH FEBLAL mol 7K 43T [ & CO, ) mol ¥, WUE e , #
Py KR IR R ST o, R D K A = AR B2 TR, '/ WUE X Rb7E TR MY IEH &
B, RNR KM o EERERR K R FRSERILE S,
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F4 HEASELEASFETREDRESREBERS &R TFREXES T
Table 4 Correlations between TR and factors affecting TR of female and male individuals of H. rhamnoides ssp. sinensis under four levels of

soil moisture in the experimental farm

TiH Ttem KA COND SIRLEE TA EMIHEE RH HEHRERS PAR

Fel H A TR K5 IE EMERR 1 F 0.876** 0.246 0.168 0.836**
K5I8 EHERR T M 0.902 ** -0.120 0.234 0.254
R A MR TF 0.887** -0.027 0.278 0.681**
B RE 0 MR TTM 0.738** 0.238 0.279 0.715**
e BE A8 AR ITF 0.690 ** 0.475** -0.136 0.618 **
e B2 Jip a6 Ak T M 0.778** 0.558 ** -0.323 0.718**
AR IVE 0.838** -0.369 0.245 0.413*
HEE I HERR VM 0.881** -0.368* -0.047 -0.514**

* FNFE 0.05 /K B FE AL * Correlation is significant at the 0. 05level (2-tailed); # * FR7E 0.01 KB FHAH K « = Correlation is
significant at the 0. 01level (2-tailed)

MR 5 AT LAE 78 28 I ia i X, 75K 7 A PR B R8T, MERERR (9 WUE B2k, ELMERRAR T2
PR TE7K 7 A 22 B 5, MERFERR B WUE 85877 , ELMERR = T HfERR . (] O MERBERR B WUE , 727K 7038 B 2
%, MERR R T MERR R T8 T, WUE & B L7, MERR G _E T BER T HERR , MERERR (B T 22 5% 5 b BE T 52 b
8T, MERREY WUE L7t MERRE) WUE T, (EAMERR = TR LB T e T, MEMERR ) WUE 34T [, HEbR
Do FHERR . F AT LUR Y FE K 2R R, op E U BRMERRE AR X) WUE FEXTBAR , ELUAERR = T ERK  HERR BE
SR H R K WU 5 E K 2 A F 22 0t , BEMERR I WUE 857 , ELMERR T T HERR , MERRN 7K SRR RO A R R 7243

x5 ATELHEARSFETHEDREERNKSFBAREHSITHEIR
Table 5 Descriptive statistics of water use efficiency of female and male of Hippophae rhamnoides ssp. sinensis under different soil

moisture conditions

i H Ttem 3448 Mean F/ME Min AR AE Max FRUEMRZ Std. Deviation
W MERE GF 1.47 1.04 1.97 0.31
W HERE GM 1.79 1.23 2.31 0.37
Wi Wi PF 2.69 1.07 5.94 1.78
W R PM 2.10 1.38 3.93 0.90
KO iE EMERR 1 F 1.39 1.04 1.71 0.22
IKGrIE EHERR T M 1.62 1.42 1.96 0.20
R REE iR TTF 1.90 1.39 2.53 0.43
B A MR TM 1.92 1.45 2.39 0.34
e BE Jop i AR I F 2.00 1.57 2.52 0.34
e B i Ak LM 1.72 1.20 1.97 0.29
H MR IVE 1.72 1.11 2.48 0.52
A HERR VM 1.59 0.54 2.20 0.61

3 iFitE4EiR

b B VD BRMERE AR TE OGS VR AT ZE B VR R Bk 20 ) P AR R AR M X 7K g 2% 1 T30 P i 494 i 7 2 e S T
HERE R e TEK AR EAT I, MERERR YRR 7843 R & R RS R 08, (RIS I AR08 ) ol & il
R NZR I A e 1) T2 B 32 ' R 5 B RN K ST BE PR ) 5 E 7K 20 SR AR 2 B, R R 281 SR B AT 75 1 L 4R 5 7K 43
FARCR R B 5T, (HAEMOG G A7 BB 0 T R, MERERRFOL & R AZE B R WA 7 £,

WEHE S ARAE ) B TSN B SR AT I HE AL I 45 SRR IUTE , 3X A ) ) M AR R TE 2B AR08 VAR FHAR R
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