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Photosynthetic and Chlorophyll Fluorescence Responses of Three Desert
Species to Drought Stress and Evaluation of Drought Resistance
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Abstract: A pot experiment with natural water consumption after artificial watering was conducted to stud-
y the effects of drought stress on water, photosynthesis, chlorophyll fluorescence in leaves of three desert
species, Haloxylon ammodendron, Nitraria tangutorum and Artemisia desertorum. The change charac-
teristics and response mechanism of each index in the process of drought stress and its quantitative rela-
tionship with soil water were discussed, and their drought resistance was ranked by membership function
method. The results showed that: (1) the relative water content (RWC) of three species leaves decreased
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continuously with the extension of drought stress time, and the water deficit (RWD) showed a fluctuating
upward trend. (2) The contents of Chl, Chla, Chlb of the three species and carotenoids in H. ammoden-
dron and N. tangutorum was decreased with the increase of stress days. The carotenoids of Artemisia de-
sertorum increased with the decrease of soil moisture. (3) The P,., T,, WUE and other main gas ex-
change parameters of the three species showed significant threshold response to soil water content. The
suitable soil water content thresholds for normal photosynthetic physiological activities were 8. 04 %5 —
19.33%, 4.17% —19.10% and 6.48% —17.51%, respectively. (4) The F,/F,, F,'/F,' and ¢gP of the
three species decreased with the increase of drought stress days and light intensity, and NPQ showed a
gradual upward trend. F,/F, and F,'/F,' of H. ammodendron, A. desertorum decreased, photosyn-
thetic activity was destroyed, and electron transfer was blocked. PSI] reaction center was damaged and
showed photoinhibition after 30 days and 18 —30 days of stress. However, N. tangutorum has stronger
ability to regulate its PSIl reaction center to avoid injury. (5) The comprehensive analysis of membership
function method showed that the drought tolerance of three species was N. tangutorum, H. ammoden-
dron and A. desertorum. The results showed that all the three desert species showed strong tolerance to
drought stress by adjusting the opening degree and activity of PSI reaction center. At the late stage of
stress, the plants PS][ reaction center closed or irreversibly inactivated and showed photoinhibition.

Key words: desert species; drought stress; photosynthetic pigment; photosynthetic gas exchange parame-

ter; chlorophyll fluorescence; drought resistance evaluation
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Fig. 2 Changes of photosynthetic pigment contents of three species during drought stress
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Table 1 The change characteristics of gas-exchange parameters in three species under drought stress
k) Tt " mﬁmé E“};%E‘F R CO: 3 *?H’?FE}F ok 4y FRCR AL BRI
Species /d /(pmol * m 2o /(mmol « m Tagh /(pmol -Imolﬂ) /(mmol *m 2 s 1) WUE L.

0 18.799240. 25b 0.0184-0. 16a 136.1687+15.36e  4.807540.15b 3.9062-0. 35b 0.6417-0. 13a
6 15. 265740, 33b 0.0127-0.03b 184. 5385+5. 76d 2.8612-0. 09¢ 5.3354+1.02a 0.5144-£0. 41b
. 12 23.4895+0. 08a 0.0111-0. 56b 186.58024+10.72d  6.7244-+0. 21a 3.4931-£0. 58b 0.5090--0. 33b

H. ammodendron g 4.978040. 19¢ 0.0053%£1.0dc 25024992, 67c 1.9013£0.11c  2.6178£0.19b  0.341440. 26¢
24 0.7624-+0. 24d 0.00840. 33¢ 373.5684+11.39b  2.309440. 36¢ 0.3301-0. 33¢ 0.0169-0.58d

30 —1.8892+0. 06e 0.00140.02d 505.8223+10.82a  0.9112-0.74d  —2.0724=0.27d  —0.3311+0. 15¢
0 27.7042+ 1. 06a 0.0223-£0. 28a 169. 4689+ 2. 55¢ 14. 6664+ 1. 26a 1.8890+0.11b  0.554040. 08h
6 21.7464-0. 44b 0.01770.76b 168. 3099+ 6. 39¢ 13.4377+0. 33a 1.6184+0.61b  0.557140. 22h

.- 12 15.5777+0. 15¢ 0.0095-0. 82b 120.0930410.22d  4.4142-40.49b 3.7290+0. 33a 0.6840-0. 64a

N. tangutorum g 10. 368240, 63c 0.0048+0. 55¢ 134. 23148, 34d 2.776240.08b 3.5348+0. 43a 0.6499+1.06a
24 2.4974+0. 39d 0.0021-+0. 17¢ 285.3364-£11.61b  1.1923+0.19b 2.0948+0. 61a 0.2491-+0. 55¢

30 —4.4674%0. 11e 0.0004+1.05d 354.1161=+8. 22a 0.7384+0.37c  —6.0528=0. 55¢ 0.0681+0. 7e

0 5.298340. 26a 0.0295+1. 22a 110. 46376, 33f 14. 60640, 64a 3.627+1. 33a 0.7093+0. 19a
6 2.6951+0. 25a 0.0068-£0. 61b 230.721942.03¢  11.194540. 22a 2.407+0. 29a 0.3928-1.33b

Wi 12 0.4147-+1. 36b 0.00520. 66b 333.2114£11.25d  6.413240. 32D 0.646--0. 66b 0.12310. 36c
A. desertorum g 0.0562+1.01c 0.0014+0. 31c 419.361943. 99¢ 3.134440. 11c 0.17941.03b  —0.103640.11d
24 —0.5465+0. 26d 0.0008-0. 44d 528.1347+11.34b  0.928540.61d  —0.5884--0.55c —0.389840. 26e

30 —2.4884=+1. 30e 0.000240. 28d 676.9345+9. 14a 0.601740. 33d —4,139940.19d —0.7814+1. 08f

T < [ 81 il — Wy Rl b A [ /NG 5 R 30K 22 57 38 31 0. 05 12 3 /K (P <C0. 05)

Note: Different lowercase letters in the same species indicated significant difference at level of 0. 05 (P<C 0. 05)
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Fig. 3 Characteristics of chlorophyll fluorescence response curves of three species under drought stress
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IR e, a0 30 d B IR 28 e, Bkl 0 d F1 6 d B
Uy 2SR AR, LAY I 3 B ) S o

AN, 3 R A Y NPQ 7r 45+ 236 B ] T 3
W6 D' R G KT 2 5 v, HLAEDG SR 0~ 500 pmol -
m ° s | OBFASAB IR ZL, 0 4E 500 ~1 800 pmol -
m ©es D BTBOhRE ., i, [ NPQ G i AE B
18 d A0 d B A3 BAT B R R R /ME Ho At 5
M RBE ZF AR F(P>0.05., REKR.DHE
NPQ ¥J#EAbHE 0 d 6% 500~1 800 pmol e m * « s '

I EA B K i 6 d~24 d B, R R MY E
NPQ ¥ E AR UK NPQ TE45 A B 1] 22 7
W (P>>0.05), ¥ NPQ £ Ab B K % [H] 22 5 1
BLERIH 6 d>12 d>18 d.24 d; Wi 30 d B, 4
Y NPQ TE45 658 T ¥ 81 @ A% T H A ab B K 8K,
Pt NPQ 7t 30 d Bf 455t R #4238 0,
Al Ak B R BCAE G538 500~1 800 pmol e m * + s ' {8
FINAET 0.5~1.5 Z[al, b MRk NPQ ki
A 4 TR RC ] W A S L BIAE A T 4 7K 43N
TEM A 18 d~30 d Bf NPQ F& % 0~0.5 zZa),IF 5
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Table 2 Subordinat function values of observed indicators of three desert species during drought stress

By Fh Species

Bt 1R a1

H. ammodendron N. tangutorum A. desertorum

number Determination index
1 7 A X6 25 K B (RWO) Leaf relative water content
2 i HAT K 43 75 B (RWD) Leaf relative water deficit
3 -4t # a F i (Chla) Chlorophyll a content
4 2% % b & (Chlb) Chlorophyll b content
5 B2 2 5 B (ChD Chlorophyll content
6 K% M E & Carotenoids content
7 HWtA##E (P,) Net photosynthetic rate
8 SILFE (G,) Stomatal conductance
9 fiu 16 — 4 AW (C,) Intercellular CO, concentration
10 &M (T ,) Transpiration rate
11 KA R (WUE) Water use efficiency
12 ALY (L) Stomatal limit
13 PSIl R *E F/F
14 PSII AL T F,'/F
15 b2 VR RRL P
16 AL TER RE NPQ

SEHI{H Average
HU R EHEF Order

0.428 5 0.747 0 0.432 1
0.360 8 0.268 7 0.471 6
0.584 6 0.362 6 0.684 1
0.232 8 0.601 6 0.554 5
0.281 2 0.684 1 0.663 9
0.528 4 0.509 0 0.493 1
0.4777 0.519 3 0.435 8
0.479 4 0.414 0 0.242 9
0.630 3 0.636 1 0.518 6
0.402 8 0.392 9 0.395 9
0.586 0 0.734 9 0.578 7
0.630 3 0.636 9 0.518 6
0.632 0 0.702 9 0.545 2
0.513 1 0.656 7 0.574 9
0.6277 0.602 8 0.402 9
0.324 6 0.312 3 0.374 0
0.501 2 0.548 9 0.492 9
2 1 3

oAt B 38 K EL ) A7 A i 3 2% 5 (P <0, 05)
2.5 IMEYREEESITM

BRI SR IR pR B0 — ol ik Z P AR bR R A T
FEIPL M 25 A PF 0 A 2800 2, HOF 4 i K4t
SRR RN O R TR TR B — R AR T A
fiif 5 0 B R R AHIE ST R K A O A
KB Rt 16 Fhdg bR 4 3 Ml Bt 1k 47 4%
BV (6 2) A5 R0, 3 TR 4 45 3048 b SR o
B S E 2y 9 0,501 2.0, 548 9.0, 492 9, Vi Bl
FLim 68 0 b BRI Sy o AR T

317w

T 38 51 R A W K 43 75 i, O A B e
iR L5 e I S R S Ak 2 BB W Ak 2 T R SR AR AR L S
2% o SRR P E ARG IR A P AR 2L B
F BT SSHHAE T R ISR A Y
Z 5 iy 38 B A A ) AR B, R W R AR X K
(RWC) FAHXF 7K 43 5 B (RWD) & 48 4 1 4 2F BR 1)
B FFE % 14 s s JEE A 0 R w0, D A 9 X T 5 19 345 3 i
Jya et AR g A Y RWC B R e
KB I 5 SRR, MM RWC ZEBRI 0 d~18 d
AT 35 S R o 4B 0 AT R BB 8 18 5 B R P K

G345 U £ E KR 5. 05 YOI R Ik B B R R
PRI 7 7K o3 B AT R B AR ; a8 24 d~30 d(RIEFIK
Hy 3. 18 ~3. 49 Y BRI i RWC b R
P R RWD 1 28 fb fe AF A BE TE B L WA, T
S5, AT RWD g T 55, 368 X
Pl 4 0 7K 43 IR 0 X6 Ah B 38 B 4% 1 A8 Ak 5k B
JE T T R A v R A K, R e ad
SR F0 110 7% 95V S O W 1A K o 7 R B R TR RE A
TR T A 4 K i P R R

b B F R Y TS VE I IR, T 5
30T B0 S AR R ZR G 11 35 L T Gt A 2 4 AR 1Y
BEER T R W6 & 0 R B AR, s R,
e 6 F R F AR R BBt & et RO A g
fh iR 55 L E A B0 B 5 B I B D A
R AR A WA . ABESE L B R Chla. Chlb &
Chl &4 HAEM 0 d~6 d i B FH R, 2 5 HF
Fauae T R Fh T T30 A0 ) - 4 4 K 3R Y AR T AR
R ol L S R AR A Tl R B, T 2 ) R T R
L3 RO A AR RN AU, O Chla,
Chlb.Chl J % b & & &AM a 24 d~30 d B
SRR UL 3. 04 % ~3. 69 % Y L3S Kk R B X
LI A 290 i A T AR R R IR L A Y 4 i
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OB 1 R O iR R AT, DA T 52 el it e 1 06 AR
M ESEA GRS EAEA 18 d~30 d. 1A K
RN 2.66% ~4. 14 % BT 2R K {2 H Chla F1 Chl
S Y T R L 3 5 O A gk 5
REVEMYIE A Fh B A28 (Picea) H 9 1 W57 45
BB TRV E M ARKBIR4E R A ST
R T O W N 7 NS Y PSR Sl s 4 ]
R USSR e b INT] E TTR A=Y B $ . M e =
BRI G T AE 5 T A TR R B 0 2 (Y ) i e
SR N RO MR A K,

E A ARSI S 5t A7 ) T 2 B30 B B R ]
M5, T S A T R G A ORI T R R
A R AL R AR ALIR R i 248 T 5 i
SHERILSE T, CO, Byt A Z 2 BH AT M i i 5%
BHR TR, J5 &R E Y Al e & T
Raf 5 T 52 0 ok A v, RS 43 A 00 R 3 ot B I R Ak
) £k 7K T8 #E 2Z 8] 1) 06 2 5 b i WUE (19748
Al 33X J2 A e 5 O W % R B A R L AR BIE ST
H 3 AR P, T,  WUE X 4 38 Kk 43 %5 ¢ 31 i B
0 BRI Y L MR 4R WUE 35 21 d5c K {H I Y 4 18 5
KHFE (15,25 V) W KR T H P, 3k 3 &5 KA 1 +
BeE KA (8. 0400 . BRI i WUE 7E K 43 1B 38
SREAR X XK W I g 4 R — 8GR A
il WUE 1k 51| f K AR A - 396 37K R (8,37 %) T
BT P, kS 5 K AER A R3S KR 19,1070,
VLEA Il WUE 7838 B0 5 a0 0 2 G35 42
53¢ 55 2 gt 4 L2 b b o Hippophae rhamnoides) Wil
FERM—BG U E WUE Ml P, ik 85 KA ) + 1%
FKFEAF (17.51%) . P, Al WUE 45 -+ 48 5 K
REEARITRFLE T R e B e RS K RACT 4. 17 %1
PR Al . v L, 3 R 4 b U0 ir 22 S aa
MsZm . TR B AR M L il Y 3
FE ) A H5 155 O B A RS B038 B0 4 5 KR
SRR 2 A 8. 04% ~19.33% 4. 17% ~19. 10% .
6.48%~17.51% , LA I 15 1A Re P& UEAE 4 M R[] B 3R
IR P, M WUE, 3X i 0 8 1F F 45 & 5 A )
AR B TR ROK R B 28 B K AR B DA s R K
SR A% U 18 R A T D D

28 58OGR B 20O A AR AL A B G 2R
PR DL ) —FoBr 24 B AR L 5 R W R 1 KA
5 bR AR L BT AR R R A RO S
A 0B 30 Y AE AR MR ROE B
(18 D' g 7 Y 28 T e o Sz e ) D' B ) BE K IR B Ol iR
AR RIS AEgE T 3 Al PS T e Kotk

FRR(F/F 0 89560 R ith £ JA R 5 AR ) 22 4k
e, TR AR YOG A AL X R B T B R B AU K
WE N R, MY F/F, K53 HE i — 8 AE
0.80~0. 85 Z ], # 52 T 5 . 5 O 4 106 B i 38 i A2
AN CARR B P & 38 R R A B, 3 R R 4
F./F,, YRG0 O FEAR , U W] 5038 xh 3 Fh
T PS T B L Hb a0 3 P 2 47 52 Wil 5 O 98 I T 500
pmol » m * « s ' B, BBH .MM F./F, A
R A 8 A5 D' 7 T R BE B AR AR 3E 24 d A
30 d I FEARE S BT A . 3k 1 B A A g ) A 5 b
XD A I T R AR B IR HOG A T s 1R
BVHR F/F, 5T 58 052 m 80N B i K5
Hen i Y AT A 3 — E AR B IR A

PSIL A REF =8 (F,'/F, ) RS bR Rg e
AR OB 3 K N Y R BRSE R R AR L A
FBiE 30 d B I BE AL H AW 38 K B 3 B )
F,'/F, "7 6# 0~300 pmol » m * « s ' B K
i B R AR 22 0 B ' S 8 ks T A RS s A A
AP AR F/FEBRTET 0.4, MR
G 30 d BHREE 0. 2 24, UL K 4
FAF BT, 3 Bk My 35 AT B Y PP A
W X OG RE A8 A 3R A S FE G2 18] 1 56 &R L AR AR
J PSSR A 1 M T - 498 5 K3 10 [ AR A8 531
T UE FV/F, R RS, MRS, A
ab VA AL A R B R DG REAE A B PSIT R
R Vi B DA E

HAZETE K R (qP) W T PSR G Y
FFHRR B o FLAA B U6 L A5 v Ml R,
LA I, R A B SR b PS I RR
DZRERERE I EEMERLOR RS 5
1ok A BE R FEH DT PR A ) BE Y S O A
Z RO REDET . ARSI P, MR N T 300
o s L3 FAEY) qP AR FE X A
N 2588 KT 300 pmol e m P e st AL, 3 FRAEY)
qP 35 3 s A AR e, B 2 Bl 30 K H0 i g
AR B8 % T 48 R, Ul Y T 5 AT S AR 3 A
Pyt PSR Hc 19 R LHE fA 2 5 0640 27 J
LEY BE B, [ IE, 3 bR A AR O Ak 2 VR R B
(NPQ) o tma iy th kA2 fb a5 F,/F . F,'/F,
Lo qP FARC; B B0 S B b R NPQ &b T8
KPR TP S TR B B R A
FAFE HOR B S L XS R R0 % . TR A
B AET 5 paE T B i miAE T R aa 30 d A 18
~30 d f, ARAR U AR HORE S LTI R R

pmol « m *
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