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Abstract: Water is one of the major limiting factors in vegetation recovery and reconstruction in the extremely arid desert
region of northwest China. We established five moisture gradients to simulate a desert habitat, and measured the
photosynthetic light responses of two-year-old Populus euphratica seedlings under drought stress using the Li-6400 portable
photosynthesis system. The resulting data were fitted and analyzed using rectangular hyperbola, non-rectangular hyperbola,
exponential and modified rectangular hyperbola models. This study aimed to optimize these models, investigate the

adaptability of light-response models to different levels of drought stress, and understand P. euphratica adaptation to arid
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desert conditions. The results showed the net photosynthetic rate (P, ) decreased with increased drought stress, and the total
P declined under the same photosynthetically active radiation ( PAR). Relatively high photosynthesis rates and reduced
photo-inhibition were observed in P. euphratica under conditions of low-moderate drought stress (relative soil water content
(RSWC) > 45% ). When models were used to express this, the exponential, rectangular hyperbola, and non-rectangular

hyperbola models fit well with the P, and PAR response process, but the maximum net photosynthetic rate (P, ) were

higer than the measured values and the light saturation point (LSP) were lower than the measured values (P < 0.01).
When the RSWC was lower than 45% (where seedlings would experience greater drought stress), and when an obvious
photo-inhibition and significant decrease in P, were observed under strong light, LSP and P were also significantly
decreased. Under these circumstances, only the modified rectangular hyperbola model could fit the light response processes
and light response parameters. Overall, the goodness of fit of the four light response models to the observed data was as
follows: modified rectangular hyperbola model > exponential model > non-rectangular hyperbola model > rectangular
hyperbola model. The adaptability of the four models to different levels of drought stress was variable. The modified
rectangular hyperbola model perfectly simulated the light response process and fitted photosynthetic parameters under all
water conditions. It was especially suited to severe drought stress and extremely arid desert conditions, whereas the other
three models were only suitable under high moisture conditions. The response threshold of the light response parameters

differed with the changing levels of drought stress. The apparent quantum yield (AQY), P, , P and LSP of P.

euphratica decreased gradually with increasing levels of drought stress, but its dark respiration rate (R,) and LCP increased
e » and LSPunder RSWCs greater

and LSP decreased significantly when RSWC was less than 45%. The photosynthetic efficiency of P.

significantly under extremely severe drought stress. P. euphratica showed higher AQY, P
than 45% , while its P

nmax
euphratica decreased during drought stress, as did its light tolerance range. Under severe drought stress, photo-saturation and
photo-inhibition increased significantly , while photosynthetic capacity and normal seedling growth were substantially inhibited.
P. euphratica was sensitive to small changes in drought severity and decreased its light use efficiency and respiration to adapt
io desert conditions. We conclude that to enhance species conservation and restore vegetation in extremely arid desert regions,

the soil water content should be maintained at about 50% of the field capacity , which would optimize desert plant growth and

water management in the Tarim Desert area.

Key Words: Populus euphratica ; drought stress; light response model; photosynthetic parameter; simulation
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Fig.1 The light response curves of P. euphratica under different
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Fig.2 Simulation of photosynthesis-light response curves of P.euphratica by four models under different drought stresses
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Table 1 Comparsion with measured values of light response parameters of P.euphratica and the fitted values by four models
JEIRE N BEY Light response parameters

e i A fﬂj}f HFHE/ (mol/mol) et/ Yok BKEOCAEE WSS/
Light response model e o o o (ol m57) (ol w257 Gl 57 (ol )
o 0 LSP LCP P s Ry
S A, 0.0549C 0.0516  0.0335 2000.00A 29.79A 26.10D 1.110D
Measured value A, 0.0458D 0.0540  0.0656 2000.00A 23.47B 22.60C 1.680B
A 0.0449C  0.0534  0.0686 1500.00B 22.68B 19.50C 1.7308
A, 0.0444D 0.0528 0.0714 1000.00A 12.11D 12.60B 1.850A
As 0.0364C  0.0461  0.0648 500.00B 22.18A 8.41A 1.880B
i Ay 0.0585C 0.0622  0.0603 1392.33B 26.46C 27.13C 1.596C 0.997
Exponential model A, 0.0524C  0.0553 0.0538 1267.69B 22.47D 22.97C 1.209D 0.996
A, 0.0523B 0.0556  0.0539 1134.93C 21.96D 19.51C 1.184C 0.991
Ay 0.0756B  0.0839  0.0797 1020.72A 15.27A 12.28C 1.2178 0.936
As 0.0757B 0.0992  0.0869 445.82C 20.46C 7.49C 1.778C 0.694
HARUN LA A 0.0791A 0.0920 0.0854 614.84C 27.99B 32.12A 2.391A 0.993
Rectangular hyperbola A, 0.0726A 0.0840  0.0783 613.81C 25.06A 27.04A 1.962A 0.992
model Ay 0.0751A 0.0900  0.0822 526.38D 23.79A 22.62A 1.956A 0.983
Ay 0.1182A 0.1600 0.1377 316.60B 13.97B 13.61A 1.923A 0.909
As 0.1231A 0.2420 0.1725 246.93D 13.58D 8.18B 2.343A 0.645
E[BEREPITii Bt A 0.0587C  0.0611  0.0599 560.95C 27.97B 29.16B 1.676C 0.996
Non-Rectangular A, 0.0509C 0.0525 0.0517 557.16C 23.30B 24.44B 1.204D 0.995
hyperbola model Ay 0.0493C  0.0508  0.0500 476.71E 22.29C 20.398 1.115C 0.987
A, 0.0687C 0.0714  0.0701 289.41B 15.27A 12.41C 1.071C 0.933
As 0.0777B  0.0881  0.0832 227.61D 20.31C 7.48C 1.690D 0.670
HAXUN LA IERAL A, 0.0664B 0.0727  0.0695 2184.78A 26.97C 25.72D 1.792B 0.999
Modified rectangular A, 0.0578B  0.0624  0.0601 2042.43A 22.89C 22.06D 1.324C 0.999
hyperhola model A, 0.0543B 0.0584 0.0563 1736.94A 21.27E 19.08C 1.155C 0.999
A, 0.0768B  0.0861 0.0813 1053.91A 14.29C 12.82B 1.097C 0.993
As 0.0737B 0.0934  0.0830 720.22A 21.80B 8.40A 1.607E 0.994
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G LGN, RS A VLR RE S T RE, LCP (R Bl T 52 Bhe sl i e i A, A, LA, (AL B LCP Il R ZM5ILE A,
(CK)BEIR T 15.12% 21.11% 47.00% ;26.12% 35.54% 38.75% , 7 W jifi 3 /K 43 WA, #4% ] ik 42 v 55O
FIFH S5 5AGRE T, IR FRAR IR I T FE 6 A T AR 2 LA 3R T 2 i | 335 N7 Sie T SR R 5% 5 0 - 56K 43
PHIRES (A5, RSWC<25%) ,LCP R, W 1 SEibil s g AG At % Kol Bt Bl ™ & 1 5 b ia T~
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WA S GRE S T R, HAESR PAR TS A BB AI KOGMH B3 (18 1.3 1) o S aHLE 2 3] —
TE R BT , A HLYIRE ST T R v I T AR 5l , B TR R, S ULERSE T

3 e

HPIC AV IR 2Bk 32 18 TR A ' A 1 et A 50 s Dl 1o R iE S 02022 L o W A
WA VE M R AL RN E A RCR IR B T B, Y2 E 4 0 T ORTR A G R AR A 1 A0 (4 e
HUHA ] | 4% PSR 77 AE — G2 OO B 202 ASBIFTE R G 4 Tl i 7 B 700 7 A [) F 52 i R BB RL R, 48
BB AR OB 2 AR T A U AR RS BEAR R T Sl N A P, —PAR MR 2k, (H3X 3 AR AE - A
Xt 25 7K R A e N A AR IR A, 3 S B 0T SR Y AR AT 4G R — B AR K AR B TR L
ARG P, R Rt R, 005 55 5200 A 220, e DU A U AR A RO R e 22, X R A B A Ll 2%
PRI 2R 5 i 7 pH 28 14 25 R A {8 p 2 N A A S a5 B o A, BT R AR AR S SO R A 4
BB, IR 3 B AILL A 1 S 1 AR AE S 505 S0 F I 25 5, Jerf LSP 806 (A o 241K F sl
{H(P<0.01) I EE TS AR P IR 3 & TS E (P<0.01) 3R FDGER T P, ISP ARG 4
F(F 1), AKX 3 AR — KB WA AW ZR , ok 3k P, ISP, T FHAEL i/ —
PSR PR 0.75.0.9 ,0.99P,, FIEXH R (4 565 A i AR 1020 AT S LA P, R TS
(BT LSP AT, nl UL, AR 55K A 4k R ik 3 FBml O 005 35 % T RS & F T T 52
FEVHE DX AE A G BRI A, 68 T /K 43 2 R B AR B8 . LB A NUT 26 48 TE B e At b 40L& AN [ R
TR P, —PAR W R i R G BARE S (E 2,3 1) BV S S E T R A T R AR R A
T B B g o7 S 3 ( R*>0.99) |, il b R AE S EC0 A5 SEINMEL I 22 /08 (38 1), 2 B MRS A Xof = 522 e i 7
NIRRT F T AR OK 0 55 R P,—PAR M AL BIACR L T T 3 Mol A 225 i AN Ak
OIS T B SIS ERETRGT LLAS Jibs RS VR Tl 785 R A0 S5 A 400 %) o' i IO A 4B A5 SR 35 A T LB A
T oH20240 e SR FH T P E T SR A I B B A LA 202 AR SO g A R S i R0 S
R—EF,

TR R A Y A A P R A N O R RO AT K o A B R MR A
ARG, WSEAT R, M P, 5 PAR MIAFAEB{EN N C R , 2 PAR<200 wmol m™ s™'Bf P FFELHE K
24 PAR>200 pmol m™ s7'Hf P AR 5 +HOK A Er B UIAHDC, HHOKMEAR, 5147 P REIREOC el R
R, PR E LUR (RSWC>45% ) REAERFES R P, /K Gl il AS A & 5 i b B2 52 AL (RSWC<
45%) P, ... LSP 5GAECR I AR, S f B . R T ROR (AQY ) S S R 1 X ' RE A FH 8 3 1y 7 2

SR L5 AQY B A2 I H D7 AR B4 555 (PAR <200 wmol m™> ™) T A4 I o B8 15 3] 1 1 2k pb 3
R OHABRSY R LS AR AT Y AQY FE 0.03—0.05 Z 8] AN[E L HEK A FRR A AT
W 32 51 0.023—0.067 ,0.042—0.066 ,0.015—0.047 Z [{]22 ek <0.03 , T 518 F ik
AQY 7£ 0.036—0.055 Z 1], LIt 57 e i B il i ¢, 3 B STE A 455 5 A% D' g AR 3R A 1 AR G 4 i 7K
- fH 58 (RSWC<45% ) 1 3 B T HOGRE R FIRCR (AQY, P<0.01) |, et + 8K A& 52 M AQY (1)
TR T X SR ook Bl EIT R AR 800 B E AWK PAR ROt ARt (0, F77E
Kok &L, g S R M 17 i 28 I LCP Y i Ze bR AE S i s A ) 70 5506 T XHGRER TR BE 111> . i
FRCE (D) fET Wl T AR S IARE |, BT 28 (RSWC 50% 42 47) A6 A1 & AR A
ARAR BT 1 3k — 45 % 55 6 107 1 26 28 Ak A3 B 6 SR — 350, R IS4G B HLAA X St 435 B B 14558, O
BN, R E SR P, LSP LCP F R, BT S0 i) 5 30— 2 i e (R R S 800+
S0 B R B (AT AR — B 225, RSWC>30% LCP R Fifi T 5t A B i) i 2 7 B ARG it 7™ 2 1 2 ot ™
(RSWC<25% ) W B 34K P, K1 LSP BT 520 i 2 R4 T B3, RSWC<45% LT B R AIK, =Bk
TR IR A G R A A R AR A X GER B TS N RE 135 W8 55 6 RE S B (E AT 3 o 4R e
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D] FH 23 R AR W W T AL 457 T AR AT ML 25 T S b S B S T B AR T R R
W LCP R WL, P, (ISP 535 A, WM 7 A 550 58 O0L A9 RE D A& A ML i BE 1134 F
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(1) lma R AR 5 e HAT AN R] 3 P, 5 LN 2% 8 B5ORN = B A U 2B 7R AN FH T 7K 43 2%
PHETF R BT B AU ZAB TEARRLE H] T4 Rl BT K 43 A5 48 HLOYG I 7 AR AE 2 800 S B vy, 7E A% o T 52 5%
VL DX ELA A (3 I o DR e SR 7 ] | IR AR S o A 5 A% (e R e b B 3 AL A R | DL R
BEL R b DR IEAPL 5 e B AR S50 TE A

(2) ok 228 BT T 5 A5 B M T 86 7 BERR RIREAR TOLAROR DG A w4 7= e
HIFEEANE . RSWC>45% N REIRFFE s B9 AQY (P, \LSP ,RSWC<45% I} P, LSP % 2 AR, /™ & 1
S8 OCE U Z BN AT R (8, 7 B I A R IR R AR K AD G A . ISR BT R
KUY 4575 0 B AE SR, ARG RE A FH 2 R D WP IR I AR GG W A 1R 1= 5 300 45 4 38 1) A A5 X 58

(3) M IR B X AR AP S AR S f B, A AR K S 4 H57E 50% RSWC, #4565 T 5
SRR b, XA 42 A KRR O K R A B
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