5537 B 2 W) S &~ £ Eild Vol.37,No.2
2017 4F 1 A ACTA ECOLOGICA SINICA Jan.,2017

DOI: 10.5846/stxb201507291597
2wl BRI, A4 e, T R HOK R X KA AR Sk i s AR A 2R ), 2017,37(2) .

Wang H Z,Han L,Xu Y L,Niu J L, Yu J.Effects of soil water gradient on photosynthetic characteristics and stress resistance of Populus pruinosa in the
Tarim Basin, China.Acta Ecologica Sinica,2017,37(2) .

TEASBEX KA EER S ER RN

EHSC % % W, EAEL, T OE

A T A B R F AR B DR AR R T B R S0 =, B AP AR 24 B, BTHIZR 843300
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Effects of soil water gradient on photosynthetic characteristics and stress

resistance of Populus pruinosa in the Tarim Basin, China
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Abstract: Water deficit is a major limiting factor in vegetation recovery and reconstruction in the Tarim Basin in the
extremely arid desert region of northwest China. Populus pruinosa Schrenk is an ecologically important species growing in
this region. However, the P. pruinosa population has been declining in recent years because of the low underground water
table, mainly caused by increased human water consumption. Currently, the mechanisms underlying the decline in
photosynthesis of P. pruinosa under soil water declines are not clear. The objective of our study was to investigate the effects
of the soil water gradient on photosynthesis, and the relationship between photosynthesis and soil water content. Our study
will enhance our understanding of the photo—physiological characteristics of P. pruinosa exposed to soil water declines and
provide valuable information for the protection of this vulnerable species. Saplings of P. pruinosa were planted in pots under

four different soil water gradients. The effects of the soil water declines on the photosynthetic characteristics and stress
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resistance of P. pruinosa were evaluated by analyzing gas exchange, photosynthetic light and CO, response curves,
pigments, stem water potential, and osmotic adjustment substances. The results showed that; (1) The net photosynthetic
rate( P,) , transpiration rate, stomatal conductance, intercellular CO, concentration, and light use efficiency of P. pruinosa
decreased with a gradual decrease in soil water content by 35.53%, 25.32%, 48.18%, 15.62%, and 40.92%,
respectively, under severe soil drought in comparison to normal soil water content( CK). However, the phenomenon of "
noon break" was apparent, and non-stomatal limitation was responsible for a reduction in P,. Water use efficiency( WUE)
could be improved by 3.05% under mild drought conditions relative to the CK, and P, was maintained at a high level. (2)
Light ecological amplitude decreased, CO,compensation point increased, ribulose 1,5-diphosphate ( RuBP) regeneration
was limited, and light/CO, utilization efficiency, rubisco activity, and photosynthetic efficiency of P. pruinosa decreased
with a decrease in soil water content. Compared to the CK, light response parameters ( maximum net photosynthetic rate
[P apparent quantum efficiency [ AQY |, light saturation point [ LSP ], carboxylation efficiency [ CE ],

e J » maximum electron

Photosynthetic capacity [ A, ], photorespiratory rate [ R ], maximum carboxylation rate [V,
transport rate [ J ], and triose-phosphate utilization rate [ TPU]) significantly decreased (P < 0.05). Notably, P
A

s and biochemical parameters of photosynthesis decreased by 42.65% , 38.26% , and 57.10% ( moderate drought) and
63.01%, 65.88%, and 73.43% ( severe drought), respectively. (3) Stem water potential and pigment content were
significantly reduced ( P < 0.01), the pigment composition proportion of the light reaction center was altered, and
membrane lipid peroxidation( MDA ) was significantly enhanced( P < 0.01) with decreasing soil water content. P. pruinosa
mainly accumulated proline and soluble protein to eliminate reactive oxygen and alleviate the impairment of the
photosynthetic apparatus under soil drought. Irreversible damage was caused to the photosynthetic system of P. pruinosa,
and normal photosynthesis was seriously inhibited under severe drought. Therefore, declines in soil water content resulted in
drought stress and reduced photosynthetic ability. This indicated that the decline in the P. pruinosa population might be
caused by the lower soil moisture. In conclusion, the soil water content for maintaining higher P, and WUE in P. pruinosa

forestlands should be approximately 60% —65% of the field capacity in the Tarim arid —desert region to adhere to the

management principles of efficient water conservation and vegetation restoration in extremely arid areas.

Key Words: Populus pruinosa; soil water gradient; gas exchange; light/CO, response parameters; osmotic

adjustment substance
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1 #R57EE

1.1 5 X HEAL

RIS AESE R K2 AMAR I AT o b O T3S se b 30 TP b & 85 BRI i (40°35'N,80°50'E;
TR 1006 m) BB /R B IX ) J& SRS Al KR T . PG IR & BRI 22K, 4F H R4
2 750—3 029 h,4E K BHEEE SHK 5.89%10°)/em®, =0 CHYA RN 4 132.7 C , FHKIR =10 C 5L H
B 201 d, AR <50 mm AR 78 K >2 500 mm KD K EME F HELRKKS, EIZHLIX K
WEEMN FEFTT, KA AP oA T3 BRIT L i, LB 2 9T e 8 ) 348 Sy B 9] 52 s
SEIBBRAR 5340 2 B AR I AR SRR G R, AR R (4—10 ) R BT R AN R E B KA AR 0—
100 em 37K 00, W AR T 1 m L3S IKEN 19.41%—25.71% , i3z 25 0] 5 34 W B AR, K h
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RIS AESE R K 2= AR T B W TR R 2R 4T, e K/ N A — B R T 3 1 N A A SR
H o BRI A SR AR BT R HEOK T R B K e E . D& HK/ (H,,75%—80%6,) , T35 K& (6,)
A 18.32%—19.54% ; Q%2 T 5 (H, ,60%—65%80,) ,0,°H 14.66%—15.88% ; @ &+ 5 (H, ,45%—50%9,) ,
6,9 10.99%—12.21% ; @ T 5 (H, ,30%—35%80,) ,0,°N 7.33%—8.55% , FJHBEHLIX %1t , ANF K54k
PIYE 6 RELE BRI 3 MR, IR BT IR, A/K M BRE ARG IR SE T, BIT KBRS . B AR AR
MG B2 B F 0 & 5K SRIGHER IS T HEAT 3K 7B B AL 3
1.3 WE k5180
1.3.1  HHOKAZH0 e 5

Tk S K AR T I , F K P PR TR . AR H R & (6,) 515 0,% 115t R51 +
FAR R I RIS KA (0,) ARG IR AR L S K & 544 B (15 ke) M 0, FhEE W E AN
& B KA RE B ) AR E R & G B R ERE TR RN FE 0K o LR E AL, LA
1R TR K PR ZE A TS SEISAE 2 . 6 A 1 H ZHTS2 i 01X 50 70k, Db i AR E AR K Z R 4R T 4
oK 4346 B T SIE 05, B A% R 20 .00 ) FH FELF-FRPR it D 70 o o, AR 72 4 2 WRPR B 1Y 22 1 D) Be K BRI
S KL P 25 dn kb 78K 43 A ] 8K /3 AE e a L
1.3.2  SRscHsH0 e

8 H A B B KT 8:00—20:00 Fi Li- 6400 AU #5641 (Li—-COR , USA ) 1l 5E 73 4% ¥ A gt
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1.3.3 Ol i h 2 il
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1.3.4  CO,"¥ Lt % o €

B I 0 e o AR [R5 ¥ it R s % 44 5 0w AR ], 8 Li- 6400 Ak CO, BfEE HEAR TR Y CO,
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RN (CSP) o 8 T 45 KA M A AL 280, AT B DG & B 404 CO,ma iz ith 26, 15 3 5 R 1k
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1.3.5 /PEOK S 23 T HbE AT B 1 BT T A e S 9 R

8 H T 9:00—11:00 A 7K 74 B B EH A% D) 1 v, 256 5 RH A0 /N 6 A — B0RY > 4 3 i s afE A 7 7K 34
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8 HRAEATK 43 Ab B &)y v A R EB A7 i it 7 afy ] 236 %, i 2R 35 5 £ FH 80% PN R I 4 L 0 o6 ol B 11
2B IRARR (Pro) (NI MERE (SS) ATV LR A5 (SP) 4 1t 43 51 R FH Ak 56 /K A7 9 B2 B R ik 25 = i 8
W BRER- B 5 DRl G-250 YLkt N R (MDA) A iR I BRAC B HC 2 R (TBA) He ik
et
1.3.6 HdEmHr

FH SAS6.12 #4775 225347 , 2 5 LR T DUNCAN 3%,

2 ZHR5HH

2.1 THOKAEREEXT KA G AR R H SRR B 52

THOKBEETT KA P, T, .G, H AL EH—3 R g B (K 1), — Ko P T, .G M 8:00 &
W 530 F 12:00—14:00,12:00 F1 1000 BAFNEAE , Z 5 B WAL, G (A B BN R B B 21 P (T,
5p, . T..G HEBLEEARR, C, HA L A« vV R SEEUH R m AR A e ka s, 850K
Em T RN P, T, .G C, B TSR REIR P, T, .G, CAERIFEAR, H, M H, T KA P E(E] B4 F T
H, H,2 h, W& L H, 53 3IRER 17.53%F130.73% , £7K5- 03 P\ T, G, .C, H BB R Hy<H,<H,<H,, T,
G5 C, HIGMEI M H AR T 25.32% .11.40% .3.42% ;48.18% 20.67% . 11.64% 1 15.62% .5.31% .2.82%
AL B K s KA G R T P, T, (C, 3R HIET 2 T KA v <AL, S 8P, (T 1%
i, HHKEEE T Kk WUE H AL 2487 M LUE HASL 2 V7 Al LUE H¥{EMKK N H,>H,>H,>
H,, 1M WUE W4 H,>H, >H,>H, , H, 40 ¥ WUE H¥{E F H, $#25 3.05% , £ E T2 T KA @ A S
VR BE AR H A K 5 /K T RE AT, I Tt 32 s LK 3 R AR
2.2 HHOKAEREEX KA A e N S5 5 e

FEYIE A AR FH— i iz i 26 v] RAFAE DX A BE TR R RE 1. 1B 2A W] WL, RO A A 8 5T (PAR<
200 wmol m™ s7") , LK AHEE T IKIAY P FEE PAR AN () 5 L4 i ; i J5 Bl PAR 800 P, 5 il 28
KT, 2 PAR FTHE|— @ 80 (#2308 LSP) |, ’h e M kA - 28 5 BRAK ., AT B8k oAb B S 4 P, Xt
PAR My ARl H, 5 H B PR E FERSE KT HLBE PAR 35 K028 LA K1 Hy 5 H LB PR3 B
PAR B4R T A H; [Fl— PAR T BE 1K 0 BEAK, P, R3S O, R T B AR AU S 18 E AR AL 4005 1- 8
KRR KA A AR B e i 2 TR AR S8 (R 1) . ANE EHOK b B EAY: LSP (AQY F1
P, 22555 (P<0.05), B3k A%, H, H, H, P, 5 LSP AQY /3%t H, FF& T 24.69% .42.65% .
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Fig.2  Effects of soil water gradients on light and CO, response curves of P.pruinosa

http ; //www.ecologica.cn



6 S % 378

W W A4 H, H, H, LCP 235 L H, FFE T 46.13% 47.15% 57.31%, Siit M, T2 HE XK K
PG LSP AQY LCP R B EIEM I (P<0.05) , 5 R, AR EMIEF K (P>0.05) (E 3),
2.3 BHOKER X KRGS VE F—CO, M N S5 5%

FFH B A S RAB IEBT A 3K 2386 B R K A% 6 & VR FH—CO, ma iz i 26 (18] 2B) FR1ES40 (3%
2) Filiz ] Farquhar %5 A ALBRILA CO, MR iR R AL S (F£ 2) . BB 2B AT 0L, 3K /86
WK PR C 0 R AR RL, AR €. (€.<200 wmol + mol™) P Bf C. NIl Bk hn, 2 )5 P, Bl €34
KEBARZEHINGE, 2 C, L8 —E WEUERT, P I WP 5 AL, AR K ALK 4 P C,
Fye AN ] AR TR CO, VR FE T BE - 338K 73 BRAIR, P IR K, R WK% RuBP AR AL RS M S5k [R) Ak g 77 BE 1
SRV TR, 3 2 T UL R[] - 38K 43 Ak B 3 50 T R34 CO, MR B EL(CE (A, R, Ve S«
TPU) (P<0.05) fHXF CSP.I" Fl J,, / V.. SR GE (P>0.05) . B HIEKPBEAE, CE A, R, Voo T F

max cmax

TPU ¥ 2 A, A T IR 3k, Horp CE v, AT, FEIREK, H, (Hy (H, W H 28 5IREI T 31.38%
69.65% .75.64% ;33.07% .66.39% .73.74% ;13.75% 64.51% 80.81% , 3 WA 0 J& 5 ™ 500 1T K 50 4% 4 Bl [+
AR | A% SR B R A 08, S 8ULDLE A BT Re w55 A, 0 8 E IR, St K
WM A, 5 CE .CSP R, V. Jou TPU J, AV, BB E IEAA DG (P<0.05) B I 5 B E HUAHDE(P<0.05)

max max cmax

Hrr A, 5 TPU . J,, WAHCREER K (r=0.9996" ,0.9871 "),

R1 TEKSBEXNKABHERXSER LML SHNZN( FHEAREE 0 =3)

Table 1 Effects of soil water gradients on light response parameters of P.pruinosa ( mean+SD,n =3)

A3 — LSP/ LCP / Ry/
AQY /(mol/mol) P I R?
Treatment ( mol m~2 s‘l) (pmol m™ s7") (pmol m™ s7) ( wmol m~2 s_l)
H, 0.061+0.001Aa 18.71+0.81Aa 2025.89+23.09a 39.19+1.24a 1.53+0.21a 0.9938
H, 0.058+0.001Aab 14.09+0.69Bb 1786.18+19.15a 21.11+0.89a 0.97+0.13a 0.99838
H; 0.056+0.002ABb 10.73+0.32Cc 1363.06+11.24ab 20.71+0.76a 1.08+0.06a 0.9988
H, 0.050+0.004Bc 6.92+0.11Dd 1042.18+13.61b 16.73+£0.42a 0.85+0.02a 0.9977

AQY : FW FAUHE Aapparent quantum efficiency; P, i KA R Maximum net photosynthetic rate; LSP: Y64l il 55 Light saturation

point; LCP; J64M22 45 Light compensation point; R, : HEIFI# % Dark respiration rate; R*; Y5 2% Determination coefficient; H, :3& ‘B 7K 4> Normal
soil water;H, R R Light drought;H; : H1 T2 Moderate drought; H, CHJE T 5 Severe drought ; [a]—3 i RE/NG PR R 257 8.3 (P<O0.

05) ,AFKE FHRR 22 5l W 3 (P<0.01)

F2 TEKSBEKPHLHE X EER—CO,MESHE I (V- IH bRk 0 =3)

Table 2  Effects of soil water gradients on CO, response parameters of P.pruinosa (mean+SD,n =3)

i CE/ csp/ Al I/ Ry Vema T T IV

Treatment  (mol m™2s™") (pmol/mol)  (pmolm™2s™")  (pmol/mol)  (pmolm™2s™")  (pmol m™2s™")  (pmolm™2s™")  (pmol m™2s7") e ome
Hy o 0213:0007Aa  117686:1463a 39895201k 623s311a  1205:0.050a 1162552150 16123669 1497:0.61Aa  10.7320.41a
Hy,  0.146:0.015Ab  10673813.4%  35.25¢173a  7T465833la  9.20:038Bb  7TI81s297Bb  139.06:5.25%  12.94:045Aa  10.85:0.46a
Hy  0.065:000Bc 1005341862  24.63127Bb  85.37s416a  520:0.07Cc  30.07:181Cc  §.23:291h  892:0.71Bb 6.540.35
Hy  0052:0000Bc 972651129  13.61:0.65Cc 9148443 411:021Cc  3052:194Cc  30.95:181b  5.13:0.59Cc 6.24£0.3%

CE. Bba% Carboxylation efficicncy;CSP;COZ,[@ﬁﬁ CO,saturation point; A,
rate; V., FOKBRILER Maximum carboxylation rate; J, . : K HLF 5% Maximum electron transport rate; TPU ; BFRF AR Triose-phosphate utilization rate

AN Photosynthetic capacity; I’ (‘Ozﬂ‘%ﬁ\ CO,compensation point; Rp;ﬁlt”?“&'ﬁﬁ Photorespiratory

2.4 HOKEREX KL A R S B

3 A0 KA 4R a(chla) M43 b(Chlb) ZEEAE N 3R (Car) it SO HUAE Y B + 50K 730k 0 1
BRAIG, H, H AR G5 KT e A 0 o B, 538 AR MR IR 2 Ak, Ho chla BRIR R A 77.50% ., KA
Chla.Chlb Car.Chl( a+b) Fl Chla/b 7£ H, \H, /8 JC i &2 % (P>0.05) , {0 H, .H, ¥ Chla Chlb Car.Chl(a+h)
¥)5 H, H, 258 (P<0.05) ,H, 5 H, 2508 ¥ (P<0.05), RAPESEETET KA EREK
37 BB fif 3 22 SRR AZ B — R B G, W, H, H, H, K53 # Chla & 5 P08 (11.74% . 33.83% .
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Table 3 Effects of soil water gradients on photosynthesis pigments content of P.pruinosa (mean = SD,n =5)
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Fig.4 Effects of soil water gradients on stem water potential
(¥,) of P.pruinosa (mean + SD,n =3)

AFNE F IR 25 B3 (P<0.05) , ARRE FREFR 2 57 4%
1.3 (P<0.01)

Aa
22 Aa 12 %
= 20+ /// Bb
=) 10 - T
g ABa e
3 T c
E 1.8+ a = A
7 : Z
15 4/ 2
=} ~
=) = 8k
2 16k 8
a 5
O (5]
= BCab <
= g
S 14t =
g W or
& <
= i
o o12+ 1]
9 i cec Cc
# 4l
FOLOF
0.8 % 2
Hl Hz H3 H4 H1 Hz H3 H4

F 3K 4 BE B Soil water gradients

5 THEKSBENKRSEF SS.Pro SP #1 MDA & &SN (T HH bR 2E ,n =3)

Fig.5 Effects of soil water gradients on free proline, soluble sugar, soluble protein and malondialdehyde contents of P.pruinosa leaves

(mean = SD,n =3)

il T CO, ML, T2 €, P, LUE FE(%, [FIE, D5 A0k R B Bl - oKk s i e, s S5 T
RN R K e KA R R s — M [ AR P07 3, sl DE R E A LHCIT iyl b
PR B, S BOEE R GE S BE AR5 6 G 880K T W L sl DK a4 % , i HAE AR 3 G BREET dhk 4 32 3114
U5 LISRASARSE LA WUE (6@ FERE LA dek sl A8 400 X SR8 7K 3 AR AS A 14 385 V7 B 1 01 B 5t 14 %%

http ; //www.ecologica.cn



24 EIBE S ORI BRI A AR S BUst e i =20 9

B! ™ TR TR WUE 45 BT8R 24 30K 200/ i S AL 3 56 AT Sf R AR /K 23 w2k 508
W S ALFEA M B COLI> Bl ¢ TR, Bl 7.(25.32%) KT P, FIR (10.42%) , N1 $255 WUE, %5
A Rouhi %0 B4 R — 8 (0 5745 H % P RIE S TE 70%—80% I [ 5K 5 N WUE fem A
6], SR R RO A R 5 AR IS B PEAETE 26 52 8, (HBE RIEK AR (H, (H,) , KA PR T TR
(B 1) Bl WUE BEZFEAK, v, 8 T 2 KA RICT BRAK G M T AR oy e & A 7 g 1 LA & WUE
SRR 305

TH milh 5RO  CO, M O 1R T i S5 PR EE W S RESE W A 0 6 A VR F—6/ CO, i i S48, S/ CO, Wil
SRURE BT H R B 25 1 T AR G A T RE L CO, S GRERI IR 1 G & i 1538 5 6 & B R AL 16 14 2
HRIACE R RS> (RS R 4 K 43 a2 35 5 4% 55 KA 4 AQY P, (LSP, 1fii Xt
LCP (R JC Y E R, W RRMS S 4545 A7 A5 A S B0t b 7K S R84 i i 39 K, (AR [R) . 7K A7 1] G 8 % 22
St ASIRIG N FH B AR SR8 TE AR IR A G A CO, M 7 R 3G FE B, AN [R] 43K 43 4b B GBS0 TR
MG AER, IRl — PAR R Bl 3K SRR, PR IRIG R, R I T RN T IS G il & Az i B B AIK
Rubisco i M 5k AIMLAE ST, KEAMILE CO, M N S8 ARE + 3K 5 T BTG, H CO, #M 2 A 38 K
Wt + K A3 REAR A AN FR FE R R OB RE DGRBS ALRCR L s R DL whm b is 1 ok
R B A FHACE A RuBP F2E THFE I RE = 10 RE I REAIK, P ZURI PAR 1 CO, G HI4E 7% S BOHAE K 54
MBI T AR S SRR EE R K (B 5) DA BB BRI MG AROR TR, 3 vt & B B+ R R
At BLEA G €0 8 BT AR RER . H LCP 5 R WIRRAIG, w] (T 5506 F R 078 B i A b e A
FEYIITEFE Y R 7E— e AR LR T IR A A ORI AR T R e RE L g RV HE— ELBA
et N ZAE M GG RGN BCA% Je i — A BB AR bR, i LU E AR SR G A 1 T P i 7 1% 3 A
Rubisco AE77 (RuBP F/: FITHAE) [ (9 —FPIRET-# > . B 3K oy FREIL 7,/ V.. B IR 4 A0H
e RGH/bE N RO ECA TR ALY Rubisco, AT A2 38K 2> 5 B 51 R RALBE 11 B A RN 2 —
UEAh, KB T KA P, S AR IR 45 AR L, {H LSP ENE I T Ma &0 B 458, Higix
TR SR R 255 HR R TFotm iy i 304 i, Ma 455 R FH—JC ik AR, $4 LSP A2
FIFHRZe i P, 3k B d5 AR A BT R PAR (i, DI (8 45 SR8 15 LA OUH 208 IE AR R s (HAEAR 551 R Y
W B A U AR TR R — 2V W BT R FIH B y =P, 5 56T AL R A 58 A BT L Xl A8 %
{E R LSP (25 Fae T B A S AB IEB RIS, B AU 208 AR RR A A b DL 5 3K BB T
P, —PAR T i 8 (R*>0.993 ) K IHma iy 245, Ho 5 S tme iy it 2w & B fees , HLova i 17 AR B A S Zefse
RITCEAG P BE PAR 3N REAR BB, S ROR AR (B 2 .38 1) o BRI, 78 ma 1 AR (34 1y FH v, 1 AR 4
SR B8 SR A BB AR R A3 MRS AR A | DA 5 R B JEE s R E F0 s SO AR AL S 4800 E A

2 R A T — e TR b BB SR WA YOG RERIH] S A LY 58 0 AR B9 RE J7 . KA
# Chla Chlb Car 7t J i ERARSEREARIE 15 F 40 50 HhCo 8,38 R SR ' €8 22 1) 26 1k L 191 i = 18 7K 43 g
RAARR , K B AT DU AP (2 2 | SR B2 B T R KA G 5 i B 4540 5 Th RE s i L6 (R rp B 5 E i - 5
M2 A S T RO G 4y B 451 5 DO RE M 4 B 1S R X 506 G RIET S 45 /A0 — B, [WIN, Bl +
HOKAYBEAK, KA Chla 7 & FEIRIAE T Chib, Car W KIREFEAL, R KA IE R G RN 0 i R & R 5
S5 3240, B AR EE R R (1 5) X2 B G RE I LUE BRI ISR Z — . K (W) 2K
SRRBLI EEAE bR Z — , W RS TR FIWAE ) /K O3 75 BRI AR BE . R3Ol IR ARG W A 3 R
B T R R B UR, v 5 P T, G, .C, \LUE P, R ERIEMC(P>0.01) KI5
KA BT 5 R 7K 38R B L T KA G A AR B R . AN I BRBE a0 8 B Tt
SRR, TRMEET ARG RE J10ss LA PS T & HEREAR S B0CL fe L FHm 5 & e st AR 08, 7= Az i it
TGP (ROS) 3 OB AR 3 AR VE RTINS 3504 I 450 5 T REREIR , T AR 6 & e 0 20 o2
A VE AR ALBR I A TR Campos ZFAFFEHE T 508 T 32 35 855 4 5Bl 2082 (Pro ) AT AT 5 LM

http ; //www.ecologica.cn



10 A E = 37 %

(SS) FIBL BRI, A Bh T BT AW 20 R AR AR P A9 16 PR 4, b S i M R B it SR Ak 5 AR A g s L
AT 3 Y (5HAG EEMIRT R ) B R AR 5 AT PR SR BT R v, H A ARG T R A
FEAPAEEM B AMESE R IR & B, KA 15 15 14T ) 0T+ K S i R A7 AE 22 5, H, B35 5 1) 4
FIim T MDA, 3R B 63257 8 15 1) T BB DR b ¥ B 16 1 40, L RS TOR A ME LI B D RE , 445385 P,
BB + K 3 REAR 123 TR AT Y B 5 MDA ¥ 3 T, (B3 i Pro>MDA >SP >SS & W] + 1 5T K LA
FRZE KA Pro AR 37 40 i 5 P /4 22 B 4052 405 3 RN IS 5 4 S I /K g, BELLE T 25 19 B 20 5 738 1 | DA TG 4 45
THUARPREE AR E . WL, BT T B 1 W i BB A I R 16 R 4, A4 A W R 485 4 Fn )
A 1E 9 10 R BUAY — oA 25k B AR it . (I8 P R B, 390K A0 B T KA B T 6 % EOREAR (L), H,
BRI e B YRR, BB Hh R R R KA A W A R S T e R — e R (R 4, 7
T HIEF WEEER . L6 DL LT, 1 BUR T 5505 DA A7 A= 1 38 B 388K 43k [B) 45 7K o 1
60%—65% , M. 37K 43 RE AR IE K A 47 [T 3RA5 458 5 B 6 A 30 A WUE ST N e 58, AT A s T 21X
FE BRI 2 80T K R 7 3 )

2% 3L HR ( References)

[ 1] ZEpRE SRAEE P, B AR HEE, 28, A0, W& LR W) 0 JEUAN R] 0K 06 N SRR G k. 2R 25412, 2009,29( 10)

5271-5279.

(2] JR30A, SRAOHT, AT, B R RO, XUB RS S AN Rl TRt 8 e oK 0 2803 BRI CO, I IRRE . B 2R A5 24R , 2003, 27
(1) : 34-40.

[ 3] 3k, slothl, skl , R0F, TR, TR o 8+ 5 Wbt X v pont 7 ' & 4 AT S8 Ak i 1 9 B2 . 2 2522 41, 2013, 33(5) ¢
1386- 1396.

[4] EEE HK, 6% UA, DRE. R FIFNY S5 K6 E KRB, 47524 ,2009,29(11) :5843-5850.

[ 5] MaH C,Fung L,Wang S S, Altman A, Hiittermann A. Photosynthetic response of Populus euphratica to salt stress. Forest Ecology and Management,
1997,93(1/2) :55-61.

[ 6] (L4, 2%, WAL, ok, LK I 5w R -5 06 A 18— REREPE RS2 L. MRll B2 ,2007,43(5) :30-35.

[ 7] Bogeat-Triboulot M B,Brosché M, Renaut J,Jouve L, Thiec D L, Fayyaz P, Vinocur B, Witters E, Laukens K, Teichmann T, Altman A, Hausman J
F,Polle A, Kangasjirvi J, Dreyer E. Gradual soil water depletion results in reversible changes of gene expression , protein profiles , ecophysiology , and
growth performance in Populus euphratica ,a poplar growing in arid regions. Plant Physiology,2007,143(2) ;876-892.

[ 8] BRIEME, R T AR H, 22 TLAL, A B 20, 35 ORI W R /R R ORI A7 AR S e F - S R PEOE M2 . AR 2522 41, 2011, 31(2)
344-353.

[ 9] Gries D,Zeng F,Foetzki A, Amdt S K, Bruelheide H, Thomas F M, Zhang X, Runge M. Growth and water relations of Tamarix ramosissima and
Populus euphratica on Taklamakan desert dunes in relation to depth to a permanent water table. Plant, Cell & Environment,2003,26(5) :725-736.

[10] Overdieck D,Ziche D,Yu R D. Gas exchange of Populus euphratica leaves in a riparian zone. Journal of Arid Land,2013,5(4) :531-541.

[11] Berry J A,Downton W J S. Environmental regulation of photosynthesis // Govindjee, ed. Photosynthesis, Vol Il . Development, Carbon Metabolism
and Plant Productivity. New York: Academic Press,1982:263-343.

[12] w3 SeGPEHIXER CO, MmN ST HERE. A A 352741 ,2010,34(6) :727-740.

[13]  @RR fEYAE A S8 5. dEnt. @45 0R A, 2006, 122- 125.

[14] Farquhar G D,von Caemmerer S,Berry J A. A biochemical model of photosynthetic CO,assimilation in leaves of C;species. Planta,1980,149(1) .
78-90.

[15] Sofo A,Dichio B,Montanaro G, Xiloyannis C. Photosynthetic performance and light response of two olive cultivars under different water and light
regimes. Photosynthetica,2009,47(4) :602-608.

[16] WFR4E. SEAMEMSCE. L RIERFEEAR U, 2002.

[17] Chen Y,Xu D Q. Two patterns of leaf photosynthetic response to irradiance transition from saturating to limiting one in some plant species. New
Phytologist 2006, 169 (4) :789-798.

(18] R, BF I ¥4, EL RV HIME A OAMNFAE A 5T, AHY A2 5 AR Y) 52, 1992,16(3) :197-208.

[19] 2% DHLL ALBERE, whi. TR W K 847005 15 R S R VORI R . TR XHTE,2009,26(1) :45-52.

[20] Rouhi V,Samson R,Lemeur R,van Damme P. Photosynthetic gas exchange characteristics in three different almond species during drought stress

http ; //www.ecologica.cn



2 4

TR 2 LRSI R S Uk R 11

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

and subsequent recovery. Environmental and Experimental Botany,2007,59(2) :117-129.

ZRBGH WS, IMERTC, EIBLTE SR B 2R AKX ARG A B AR R R R R . PE AR AR 254, 2009,29(7) 1 1445-1451.

Mishra K B, lannacone R,Petrozza A, Mishra A, Armentano N, Vecchia G L, Trtilek M, Cellini F,Nedbal L. Engineered drought tolerance in tomato
plants is reflected in chlorophyll fluorescence emission. Plant Science,2012,182:79-86.

SRATRN R A T SRR OGRS RE B A TR A X FORTT IR RO AR R B R AG SE e. AR SR, 2011,31(5) .
1303-1311.

Brodribb T, Hill R S. Light response characteristics of a morphologically diverse group of southern hemisphere conifers as measured by chlorophyll
fluorescence. Oecologia,1997,110(1) :10-17.

Wullschleger S D. Biochemical limitations to carbon assimilation in C plants-a retrospective analysis of the A/Ci curves from 109 species. Journal of
Experimental Botany, 1993 ,44(5) :907-920.

Babita M, Maheswari M, Rao L M, Shanker A K, Rao D G. Osmotic adjustment, drought tolerance and yield in castor ( Ricinus communis L.)
hybrids. Environmental and Experimental Botany,2010,69(3) :243-249.

de Campos M K F,de Carvalho K,de Souza I S,Marur C J,Pereira L. F P, Filho J C B, Vieira L. G E. Drought tolerance and antioxidant enzymatic
activity in transgenic ‘ Swingle’ citrumelo plants over-accumulating proline. Environmental and Experimental Botany,2011,72(2) :242-250.
FEAAT, W28 B RTS8, SRR, SR kA, s AT, B A ORI oA A A0 i VA X S A e . AR R, 2013,39(3)
530-536.

AR, R, 22 AT, WSS, Ao, T SR B HLATRT P i b X 3 AR AT LA 5T, PE AL, 2007 ,27 (4) :747-754.

http ; //www.ecologica.cn



