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Abstract; Cupressus chengiana is an important ecological restoration species in the dry valley. In order to study the adaptive
strategy of C. chengiana to environment, photosynthetic physiological characteristics and water physiological characteristics
of C. chengiana were measured in wet season (July) and dry season ( November) , respectively. The results showed that .
(1) For water physiology, compared with wet season, peroxidase (POD), soluble sugar (SS) and proline (Pro) of C.
chengiana increased significantly in dry season (P<0.05), but leaf mass per area (LMA), predawn leaf water potential
(¥,) and midday leaf water potential (¥, ) decreased significantly (P<0.05). (2) For photosynthetic physiology,
compared with wet season, stomatal conductance (G, ), transpiration rate ( T.), light-saturated net photosynthetic rate
(P,..), initial carboxylation efficiency ( CE), photosynthetic capacity (A4,, ), CO, compensation point (I"),

max

photorespiration rate (R,), the maximum carboxylation rate (V. ), the maximum electron transport rate (/. ), triose

phosphates utilization rate (TPU), J /V

max cmax ?

excitation capture efficiency (F '/F '), actual photochemical efficiency of
PSII (@, ), photochemical fluorescence quenching (gP) and electron transport rate (ETR) of C. chengiana decreased
significantly in dry season (P<0.05), but dark respiration rate (R,) , water use efficiency (WUE) and non-photochemical
fluorescence quenching ( NPQ) increased significantly (P <0.05). In conclusion, in order to adapt to drought, low
temperature and other environmental stress in dry season, C. chengiana adopted the water use strategy by increasing soil
moisture acquisition ability and reducing water loss, the increasing photosynthetic product consumption strategy, and the

photosynthetic organ protection strategy by increasing heat dissipation.
Key Words: Cupressus chengiana; the upper Minjiang River dry valley; water physiology; photosynthetic physiology
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1.1 G HARE L

TR XA T TN 3 E 5 Ak 2 78 1A (31°34747.72"N, 103°25'45.36"E ) |, HE4k 2250m , B BE 350, 3k ] 74
B, FERFSRIXIN 2 km YE A i = f /N S5 - 38 WEIASC, W BG M 1.2 m (= BE R IR A BE 6 b LA S b
T 50 em WREEAY EHEFREEFE AR, WNEE 1 BN R XTI 2 (2017 4E 7 H) AT 2(2017 4E 11 H) #2530
AR TR TR IR AR | IR S KRR AR T IR B AR & IR b | 1 IR B e AR AR AL R
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JEBIN
x1 EFMTENSKINLERTRE
Table 1 Meteorological and soil environmental characteristics in wet season and dry season
Z=9 Season T,./C T/ C T/ C RH/% RH, /% RHy/% T../C VWC/%
MEZE Wet season 25.29 20.95 15.49 85.01 77 92.91 24.83 21.62
T2 Dry season 7.75 7.69 2.79 82.04 74.94 95.04 21.01 11.45

T, :Mean air temperature “F-3J< i ; T, : Mean air temperature of day H [B]*F-33 ; Ty : Mean air temperature of night 7 [i]°F-3T il ; RH : Mean
relative air humidity 333 ; RH,, : Mean relative air humidity of day H [B]5F-35 % ; RHy : Mean relative air humidity of night 7 [R] Y50 T,y «
Mean soil temperature 13 ; VWC ; Mean soil volumetric water content +ERFH & /K i
1.2 e it

TERFFE DI E —> 1 kmx 1 km SRAFEIE X, SR BCH R B 6 TEiZ R 2 B A2 A B AT
[ A B 5 1 10 mx 10 m BY/NETS B IMRE T BRI 5 ARIRVTAAAE 2 AR Bk , DU it 5 £t B HL 67 T 1)
FHTE , 76 2017 4F 7 H (¥22) F1 11 A (128) 0 R0 BA R B [B) B, HEA TR R AR S5 A DGR AR il . XPE &
A= FRFEBR B E BT AT 7 #E AT AR, TR B |, Bk 5 AN EA  SRI—IRRIR A B Iy AR F
T K3 A= 3 G BB W) A5 Fa b i | REARBUR S 5 1
1.3 MEdsbr &7k
1.3.1 SIS

K H Li-6400 18 #5 585 A VE F 0 22 12 ( Licor, USA ) XJ 48 1% T B# B 14 5% A 33 >R ( Light-saturated net
photosynthetic rate, P, ) KFLFEE(G,) JE CO,MEE (C,) ZEEH AR (T,) it iR S E0H 17
S IFH S ALIREIE (L) BRRK A FHRCE (WUE) AR HH L= (1-C./C,)x100% WUE=P, /
T, W BB SR E N FREE CO, M (C,) 400 wmol/mol JRJE (25+1)°C IR (75+5) % , Yo & A JUm 5t
(PAR) B 2000 pmol m™ s~ (URYLAIAYELFIEIR , BT HISLIMAS ) o WGP GEE (R,) 7E 22.:00—24 00 ]
5E,PAR BEE N 0 wmol m™ s~ HAWIREER R S 506 F—80 ",
1.3.2 P -C,W5 gh£ i 2

TE PAR & 2000 wmol m™ s™ M MIYG5E T, 5 & 50,100, 150,200,400 ,600,800 10001200 1400, 1600
1800,2000 #t 13 4~ €, ((wmol/mol ) B , I 52 HH N (¥ 6 AR (P,) o P, —C, M If i 28 1) FH L A Sl 2 1)
BRI T RIS R A 86 (A, ) PR RILECE (CE) [ CO, 425 () M A E] CO, ik
(C) JEHFUGHEAR (R ) s IR (V,,,,, ) HKHTAEBER (S, ) FERATEF R (TPU) Vo
WA Farquhar YeA B BRI AT 5
1.3.3 M-SR SERN E

GG W AR R 24 h DA_E A RS A Li-6400 266 (Licor, USA) W IR TR EE CiRES 1.3.1 —
H,PAR BE N 0 pmol m™ 7', 75 3| PSIT [ b HP U W e RO ARCR (F /F,) s #2354 PAR #5E 0 2000
pmol m™* s™' AR EIFF LAY PSIL SN L I & REFIARZCR (F, '/ F ) AR R R B (gP) AETEAb 220K
ZH(NPQ) \PSIT 5P AR (D, ) FIHL FAEBRICR (ETR) M S RS 50
1.3.4 KA FEER AR I E

R A KR (RWC) SR AIFR B2, Bl RWC = (M F et -k Bt T 8/ (F Ao i A - i it
) FUME (LMA) = MR-t/ AR B2 I Rk 35 (W) FIEAF I ok 3 (W, ) 23 50 T B W iR LE 2F R
SERESL R WP4 52 15 /K3 ( Decagon , USA) et
1.3.5  PUrEBETE M 2B &Y &

HEE ALY B (SOD ) T 4 >R FH &0 U M ' Akt J el |, 2ok S A6 P i ( POD ) 375 >R 78 61 A 1 2
JE 1 AL U (CAT) T MR 58 AP I | I 2202 ( Pro ) & 1 R FH B —HRVE N & , AT PEIE (SS) & iR
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FHTECHR B o) gt
1.4 BHEor
FIH Excel 2016 A TEHE AL FE 522 8], F SPSS 25.0 #E4TAH 400 S 25 5 B 3 43 o

2 HIR&ER

2.1 FRBFRIRTTAAN: F 7K A PR R
FH % 2 AT IRVTAAR) RWC ZE R EAA B % BTZ200 LMA 8820 & TR T 18.26% (P<0.05) ;
TRMKETRERER LR, ¥, W, 5058 E N T 32.39% 37.96% (P<0.05) .

x2 EBSEMTRUIRTHM F kS EEBRHE

Table 2 Water physiological characteristics of Cupressus chengiana in wet season and dry season

Z=75 Season RWC/ % LMA/ (g/m?) ¥,/ MPa ¥,/ MPa
12Z% Wet season 0.79+0.01a 390.63+13.95a -1.76+0.10b -1.37+0.10b
2% Dry season 0.82+0.01a 319.30+5.94b -2.33+0.09a -1.89+0.11a

RWC ; Leaf relative water content M- X} 7K &t ; LMA ; Leaf mass per area I ’prl : Predawn leaf water potential BEH AR I K
V., :Midday leaf water potential IE4 I 7k #i ; R PR R T AR 225 53 (P<0.05)

2.2 TRFIRVTABTEACEE M35 15 1) TR
FH 32 3 W1 AU POD I METE T2 348 55 T 30.60% ( P<0.05) , Hofl i A AL B G AR AL I AR 2 B35
Y Pro SS & ¥47E T2 B 548 5, IR 2 20 1R 19.22% .47.06% ( P<0.05)

N\

x3 EFNTIRIRIANMEABEERSENRSE

Table 3 Autioxidant enzyme activities and osmotic substances of Cupressus chengiana in wet season and dry season

= SOD/ POD/ CAT/ Pro/ Ss/
Season (Urg 6 4) (U/g i) (U/g fif ) (pg/e) (ng/g)
7 Wet season 324.25£6.50a 1808.66%53.77b 692.49+48.22a 708.68+35.48b 1070.49+42.86b
T-ZE Dry season 326.64+13.48a 2362.02+110.26a 681.55+8.83a 844.92+37.31a 1574.23+92.45a

SOD ; Superoxide dismutase ALY AL ; POD ; Peroxidase i LT ; CAT: Catalase 1 %84k S/ ; Pro: Proline Jifi &2 ; SS: Soluble sugar 1
PR ; RIS R E R TR T AR 22 22 57 W 3 ( P<0.05)
2.3 TUEREMIRTIA SRS B S HURHE
FHE% 4 AL AR TR  IRVIAA A T2 P, G T R, 0 5 TR T 35.22% \44.44% 45.05%
(P<0.05) ,1fi WUE 5.3 |- 7+ T 19.20%( P<0.05) .
x4 ESEMTFRIRTIHNSELZIHRSH

Table 4 Gas exchange parameters of Cupressus chengiana in wet season and dry season

=S P/ G/ ¢/ L/ L./% WU/
Season (pmol m™2s71) (mol m™2s7!) ( wmol/mol ) (pmol m™2s71) : (pmol/mmol)
M2 Wet season 7.78+0.27a 0.09+0.002a 250.59+0.47a 1.82+0.03a 37.34+0.09a 4.27+0.08b
T2 Dry season 5.04+0.16b 0.05+0.004b 234.69+11.79a 1.00+0.02b 41.35+2.96a 5.09+0.22a

P : Light—saturated net photosynthetic rate {16 T 1465 3% ; G,  Stomatal conductance “LFL-F ; C, ; Intercellular CO, concentration Jifd [H]
CO, ¥ ; T, : Transpiration rate Z&J5# % ; L_ ; Stomatal limitation S FLFR il {H ; WUE : Water use efficiency BHF /K 43R HRCR ; RIFIA R AR T 2
IR 1 22 57 1 % (P<0.05)

2.4 TRRIRVTAIRGA A BRAFE

H LT Al TR URTIA PoXF Coa i RS A —3 P BEE C I Ye Vil b Tt J5 1 2 ik
DL HBEER S CHBETES, 24 C, <350 pmol/mol , IRYTAIFZ& P, 7 THEZ%; i C,>350 wmol/mol , T2
P ML T R,
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S S AR AR S BOR B (K 5,58 6) Uik
TEARY T3 CE A oL Voo S NTPU /W, B

cmax

. 35
B8 WA, TV IE SN0 27,279 23,469, 50 [+ o -
38.96% .31.61% .38.92% .22.39% .10.42% ( P<0.05) . a5 oa AT e

— LUABAE

WIS % 5 T, 76 T 2% IRVIAA Y R, 35 TR 1741.61%
(P<0.05) ,fH R KBRS EFHT 117.30%(P<0.05) ,
2.5 TRZFEIRICAIM- SRR IOCSHURE
HE 7 AlA A TR 2R IRV T2 F/F,
@ vqP ETR ¥ 58 35 T 1, T 1 3 53 31 28.26% 0 20 ﬂg‘gj"w%;‘g 20002500
40.00% .20.00% .32.40% ( P<0.05) ; NPQ N 2 & FF T Intercellular COconcentration/(pmol/mol)
37.79% ( P<0.05) ,
2.6 URVLADE & B BAR b5 57K o0 E BAE AR Pearson g | p . response curves of Cupressus chengiana in wet
LIPS Epl) season and dry season
8 nIA. LA R IR A, 6 A H R IR
P FIFFIRIERR (R (R,) DG EAIEIR (Ve S e JTPU) M ERRIOCSBARNR (F,'/F ' Dpgy qP ETR) <
LBEERR (G, T,) M H 2 5 EHI 26 (P<0.05) , 5 NPQ £ & # fi A1 (P<0.05) ;WUE 5 J,, .F,'/F, .G,
T2 8 A (P<0.05) 15 NPQ 2 B3 IEAHIC(P<0.05) ; HAA48AR 5K 73 AR BEE AR (RWC LMA | W |
W) AHSCPERES

AR P,
Net photosynthetic rate/ (umol CO, m2s™")
o

1 BEFFZIRIHEM P,—C; I #h 2k

x5 EENTRIRIHELSEESHRFREER

Table 5 Photosynthetic physiological parameters and respiration rate of Cupressus chengiana in wet season and dry season

=Sl CE / A Ciw/ rs R/ Ry/
Season (mol m™2 s7!) (pmol m™2 s71) (‘pmol/mol) ( pmol/mol ) (pmol m™2 s71) (pmol m™2 s71)
12 Wet season 0.033+0.002a 31.92+1.65a 2250.38+56.21a 124.95+3.21a 3.99+0.32a 1.85+0.09b
T2 Dry season 0.024+0.001b 24.43+0.46b 2287.80+63.79a 76.27+0.42b 2.17+0.09b 4.02+0.29a

CE:Initial carboxylation efficiency #JAHFRILEK 34, : Photosynthetic capacity Yo HETT ; C; ,, : Saturated intercellular CO, concentration ¥4 1 ifd [A]
CO, ¥ ;" CO, compensation point CO, M i, ; R, : Photorespiration rate FEIFI % 5 R, : Dark respiration rate I FFIRGHE R ; [RIFIAS [F] R R T2
HI TR 2253 2 (P<0.05)

F6 EBREMTFHIRITHMAEELSE

Table 6 Photosynthetic biochemical parameters of Cupressus chengiana in wet season and dry season

&t Vema” S/ TPU/ Joa”
Season (pmol m™2 s71) (pwmol m™2 s71) (pmol m™s7") Vema
HEZ* Wet season 49.86+2.37a 47.77+2.33a 12.37+0.60a 0.96+0.001a
T2 Dry season 34.10+0.89b 29.18+0.56b 9.60+0.20b 0.86+0.007h

Vae : Maximum carboxylation rate fx KRILH R ; ],

cmax

BRRR BRI RIS 6 TR T AR A9 22 53 .35 (P<0.05)

:Maximum electron transport rate ¢ JCHL F-f% 88 4% ; TPU ; Triose phosphates utilization rate

max

®7 EBENTRIRTIHAHFRRAESE

Table 7 Chlorophyll fluorescence parameters of Cupressus chengiana in wet season and dry season

Z75 Season F./F, F/F,) Dy qP NPQ ETR
1B Z% Wet season 0.798+0.004a 0.46+0.01a 0.15+0.01a 0.40+0.02a 2.62+0.13b 122.06+2.61a
2= Dry season 0.796+0.008a 0.33+£0.02b 0.09+0.01b 0.32+0.02b 3.61+0.09a 82.51+3.33b

F./F, : Maximum photochemical efficiency of PSII PSII ROk 2%k $, F.'/F ' Excitation capture efficiency G e AR sk 3:, Dpgyr : Actual
photochemical efficiency of PSIT PSII ST A= K, qP : Photochemical fluorescence quenching A=Y W& ﬁ, NPQ: Non-photochemical
fluorescence quenching A2 K R %K ;ETR ; Electron transport rate L AL 3 R % ; FF AR FHRETEEENZREE (P<0.05)
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3 e

RIS X Z ARG T B, 458K 05 SRR BE IR, URY AR AT I 5 MR SRR e s, 2200571
RN AR EK AR 2 N R B RO, AR A IR AR AR B AN X T R 0 PR E AR B
MWREWEBRAR(ELD),

3.1 WRYTAAT 2K 43 A B

CA M I, AP T  AH Y ReE L FR B B R W 0t BT 7K #0278 I 4 O s 2 A 4 1k
PR KA 50 ) AR g B0, A6 T2 IR YT M 3 B AN A9 Pro SS A5 ML IR AR B (3% 3) , AL fE
PLHEATI5 B T AR A 40 K AR5 B e, B i A0 A AR K RS K BE 0 5 iR BEAE i ), BRI vk o5, 42
e B AR ORI RE T, R B B AN BOE ¥ AR P R R, 5 B VTAT KR T 2= 1 ) A A IR JBip 68 5 [RT R 5 3 PR 4
= POD TG (22 3) UHIR]E B PR J0ir0 P58 10 ™ A a2 1 40, B Lk R 3 480 fk , A3 e 20 B e
ARG 2h > FE R HOK A T 3 REAR R AEK 5 0 e 25 I K 18] S A LA, — 7 T YA 14
VW, B RRE(F2) R T e K A AREGEE 1 5 5 — I AR S AN IR B TR 43 A8 He
) A T R T A8 o PR AR SL IR B (G,) It R 78 E T (T,) (3% 4) & KR ARk K 43
52 ML IFFE AN |, 7E - HEK 437 Bt M 438 BE I S I R WP 25K | K 4 B W RE O, B g K 3
TS SR (R 1), R KR 2277 A W AR 2 e 45K, T BEAR 2 IR YT AA B ZE A Ak 4200 i DA L 3w
R YTAATE T ZATS REAERF 1R 3 (/K 73 VA, RWC AR/ (3R 2) A OGP R I 7K 4328 BIEE BR %t IR VLA 1Y O
AR/ N S)

3.2 URVTAA TR 20 A A B

ARG LI, 7 P, —CMa R £ AR € /KB (€,<350 pmol/mol) (] 1), IRVTAIZEMEZE CE & T
FEYEN T BZE P AMET T2 P, FEH N CO,H 0,/E K Rubisco ARIEY, 2577 A2 55 MR 1L I
R AN MR R R, 23R CO,/ 0, LUMH , 2 m AL B8 TS R R A0 T T (K 5) B
KRS P BT RSB F R R AEIRYT BT S AR ZE T RGO EE A R, R A
i R FL B DRE , SR NH, , 76 S ] R ARz 308 30 T 400 o 1) ot e o ol o 7 F 8 B R A PR AR
B I PE A VB, MRS OL AR E 0 bR C TR, B AL SO i WA AL B R 3 5 R
7, BEB B P, BB A S IR MR Y i T FRIRVTAIA CE LV, 2O A A B bR B T (R
5.3%6) , R 1% Rubisco BE M FE BRI, RACBOR DEA B 1E LI RuBP FAE#RSZ 31— 2 B
BN , A R B IR PERRAR IR S8 A, FFE; T2, RIGEAEUR YT A A I8 25 1 | AR S AL T TR B, SR ELAh
FCOREN TREMEM T, CM LA AN (2 4) , Xt 55— Jr vl B HOL & ik AL s 71 LT
B2 EPRBEARRLAY T AR 25 4 X, A0 K BUBTAR 5K ( Leucaena leucocephala) % Z2 P R IR TE R ¢
B0, T2 A Vo o A SERE RIS A, TR RS20 F B IRTT A A R, &
ERIN(RS) LMA B EFRAC(FR 2) XU 55— A FE UARH IR TR RE A28 2 2 1 I 82 33K 3 48 o s 68 LAy e
PRI | 2E T AE R A LA LE A BRI

2 O IR 7 A IERR AR P I < R, REAE S W' 28 B8 X S B 1 RN L A% 3k | FE L 4 T 45
APV MRS IR T BN F, /F, O, qP ETR B35 FRE(KT) , MRBITEIAN,F,/F, TR
WIIR YT AAAE T 2= A A BR5E R 00 17 XD GRE RIS, P B AR 26715 PSIT S0 Hh 0ol 1B K 2k (0 R A 3 ot
REVE TGk S L He ) T R, AL PS TT s iy O R ORE BE T B, PS TG L) L 1 32 4R Q* F B 81k 1Y
AEJIEAG, PS 1T A HL A TG MR 55 , B A S5 2 Q 54 iy v AN B bRl 1] J5 4% 328 , BELAS T G i1 1%
AR, I FBOCI AR T, G A2 B2 20 H S (s RO BE AR BE K B RERL KX A R Giik
BCBEERDT ) NPQ BB T PS 1T K4k (R WA BE TP ST T A i 1 33 1 LA SARE T SURE HICRE A 35840, U
TIAATE T 2840 NPQ J2 15 G ML h B Bl fE A R | IRYTATIAE T 238 1 [ B P8 15 AL -
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Azhar %Y ST R — B0 BRI AEBE S ET oP BT REA NPQ 19 1 TG4 # B BLBEIR A AE B
FEHI R sz 5 i SL [ 45 3R R —Fh [ RISFEVER B sh 3G i 0y 202 ZERDCHE T (36 8) 4,
P IR BR D6 AR B AR S RIS RARIR G 2 WA AOE, M €, LAETZIF AR MBS TR AR
Farquhar F1 Sharkey A48 28bR1E A A 8 BTG PERAR S A AR F 5 IRV A T 26 A R ADE A
REJI R EZA P, AHIRYTAT T 22005 3 A0 TR S T2 0 T, 2 WUE i in(£4) .01
R (138 I BE 75 X S AT AR A SR

4 HFitERE
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FR1 3 17 S M L 2 5 IR A IR A . — il R B Y o AR K S D 2 B AT A
IR ARICRE T1 FHFREARAK 0, B DK A, 7Kk o0 A B8 5 — i s e & 7= WA A8+ 2 S A ]
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VLA BT AL I ARFE RO AR PO B A0 AR B R PR W . (HL el T S48 P AN R IR 1 S 2R
it 22X AN[RI AR B A AT AU T TR W SR BEA T BIE 5T, JF BEAT KW S 25 M, A VAR A SR A5 M X
R0 A DX PEATY I A PRSE ) S B PR 1 7 B ) Al

S % 30k ( References) ;

] PIERE R RO R SR B RN BRT I X T R A JERC AR AL, 1992.:211-211.
[ 2] Pesss ey, R URTL BT 2 008 UBARE B N. IRTL U5 I 5 FRH5E, 2008 ,17(S1) :46-53.
1 ORRAS B30 FRA, R FREH, T IRV LU T S A A A SR A B, T X, 2017,40(3) :541-548.
] AR, Bk, AR, FEHGE TSR 0T B R AL A B0 )1 B2 AT AT G VAT R AR BOR AT Y. A7 AR, 2014, 34

(9) :2338-2346.

[5] ik WRKLL, AR ZEAR M B0, 00 T B (e, WRVLT 54 DR VLA A TARER U 1 BE AR 1 Zh s, Wi AR 5541, 2015, 26
(4):1099-1105.

[ 6] ke, R fRodill 2T, REROE, X% R 3K . URTTATI R SRRI A S R AR S FFAIE. 0 FH A= 352740, 2017,28(3) 1 748-756.

[ 7] #EE, 2L, 7). BT B0 X IR B 25— L RS 4 Fh & - HIYIB AL ES R G, N 5 BB AR W A,
2010,16(4) :478-482.

[ 8] frugigal. AKX URTIAA AN i A B 2 A A AT [ D ] AR « iR H TR 2%, 2017 : 86- 86.

[ 9] ERkL, ZBER, RigEn, PIER, 87, 2080, i 2 T 2R URTTAA ( Cupressus chengiana ) #HGA A BRAFAE AR5 0. VG B4R L 2%
%,2020,33(7) : 1455-1460.

[10]  HiIZE3E. DRIALBE R A X LU AR AR — T A& 32 Al LM R R e [ D] HEZE - U1 Al K44, 2011 :51-51.

[11]  Ozturk M, Turkyilmaz Unal B, Garcia-Caparrés P, Khursheed A ,Gul A, Hasanuzzaman M. Osmoregulation and its actions during the drought stress in
plants. Physiologia Plantarum,2020, 172(2) :1321-1335.

[12] Xu Q Q,Sami A,Zhang H,Jin X Z,Zheng W Y,Zhu Z Y, Wu L L,Lei Y H,Chen Z P,Li Y, Yu Y, Zhang F G, Zhou K J,Zhu Z H. Combine
influence of low temperature and drought on different varieties of rapeseed ( Brassica napus L.). South African Journal of Botany, 2022, 147,
400-414.

[13]  Z%0g MRREL, W5RIK, ARG . B VD VT T A 45387 86 3R (Leucaena leucocephala) B 5 DG RRIE T30 Z2 %0 LU AT 5. A2 5240,
2020,40(12) :4105-4113.

[14] W78, T8, Jea PR DO LRI IR T CO, AN TR I LR, 524445 ,2009,28 (1) :2233-2238.

[15] 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.

[16] ZEBE UL T 4 Fh A KSR Al A= A SRR ARG TR0 LU FE[ D] AR . 1l K2, 2019 : 80- 80.

[17] @SRRI AE A SR S A A . w50 th A, 2006:287-287.

(18]  Fouk, skolthl, sk BT, 505, th ki, #R vF. 3l 50 3 0T V0 i 1 ola & 1R HRIBT 0P Bl 8 M 9 5 . AR 8 23R, 2013,33(5) :
1386-1396.

[19]  BFHPE, EALTE, 1. HK X Bk SIS RAT . MRS 4 ,2017,41(9) :1020-1032.

[20] Brodribb T J,Jordan G J. Internal coordination between hydraulics and stomatal control in leaves. Plant, Cell & Environment,2008,31(11) .

http ; //www.ecologica.cn



18 31 g AR RT3 T R A YT A BB -5 7K 0 AR BRFIE TR 20 U 7389

[21]
[22]

(23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]
[41]

[42]
[43]
[44]
[45]
[46]

[47]

[48]

1557-1564.

W7, A b AT AR BRI ST R SR AROLBFSE ,2003,16(5) 6-11.

EB, LA, KBTS , RS, 3 R« BAASRLL K 18 i X 5 B AT r i K R A bR 35 2 8 5 ) B R T AR A B P P S . T
X5 ,2020,37(6) :1544-1551.

i gedt A, T RARA, XIS R RKAL, B3k, o IR RV 5 3 4 DX R AR 1 5 fh a1y A B AL 1. A= 252741, 2018, 38
(7) :2362-2371.

Choné X, Van Leeuwen C,Dubourdieu D, Gaudillere J P. Stem water potential is a sensitive indicator of grapevine water status. Annals of Botany,
2001,87(4) :477-483.

BPHP;, FALTE, B, ARAKEHK T RGeS hae i mm AL R A 35241, 2021 ,45(9) :925-941.

P S A, BT AURSE - AR R0, s, BB, TR b JURt DT A R IR R K S ORI AR AR,
2022,42(4) :1429- 1440.

Foyer C H,Bloom A J,Queval G, Noctor G. Photorespiratory metabolism ; genes, mutants, energetics, and redox signaling. Annual Review of Plant
Biology ,2009,60:455-484.

Bauwe H,Hagemann M, Kern R, Timm S. Photorespiration has a dual origin and manifold links to central metabolism. Current Opinion in Plant
Biology,2012,15(3) :269-275.

IgamberdievA U, Lea P J. The role of peroxisomes in the integration of metabolism and evolutionary diversity of photosynthetic organisms.
Phytochemistry,2002,60(7) :651-674.

TR 2. DT Y S RE KT A L AR A B AR, 2016,52(11) £ 1692-1702.

Manter D K, Kerrigan J. A/C; curve analysis across a range of woody plant species: influence of regression analysis parameters and mesophyll
conductance. Journal of Experimental Botany,2004,55(408) :581-2588.

Miao Z W,Xu M, Lathrop R G Jr,Wang Y L. Comparison of the A-C_ curve fitting methods in determining maximum ribulose 1 - 5-bisphosphate
carboxylase/oxygenase carboxylation rate , potential light saturated electron transport rate and leaf dark respiration. Plant, Cell & Environment,2009,
32(2) :109-122.

Bhusal N,Lee M,Han A R,Han A ,Kim H S. Responses to drought stress in Prunus sargentii and Larix kaempferi seedlings using morphological and
physiological parameters. Forest Ecology and Management,2020,465:118099.

Massacci A, Nabiev S M, Pietrosanti L, Nematov S K, Chernikova T N, Thor K, Leipner J. Response of the photosynthetic apparatus of cotton
( Gossypium hirsutum ) to the onset of drought stress under field conditions studied by gas-exchange analysis and chlorophyll fluorescence imaging.
Plant Physiology and Biochemistry,2008,46(2) :189-195.

Campos H,Trejo C,Pefia-Valdivia C B, Garcia-Nava R, Conde-Martinez F V, Cruz-Ortega M R. Stomatal and non-stomatal limitations of bell pepper
( Capsicum annuum L.) plants under water stress and re-watering: delayed restoration of photosynthesis during recovery. Environmental and
Experimental Botany,2014,98.56-64.

MRER AR SR ETIN, AL, TR RN ASIRIK S50 BT 5 R SRS 4 B M RO S HsE . i A 23,
2015,26(7) :2030-2040.

Asada K. The water-water cycle in chloroplasts; scavenging of active oxygens and dissipation of excess photons. Annual Review of Plant Physiology
and Plant Molecular Biology,1999,50.601-639.

Baker N R. Chlorophyll fluorescence: a probe of photosynthesis in vivo. Annual Review of Plant Biology,2008,59.89-113.

FEITHE, SR NS AR AT St A AN T . 3 R BRI G S R R T S e R R A, PR A A
2021,41(10) :1755-1765.

KEE, TIEE, HE B ER SRR TR R KX IFA- SRR IOCS BB, K IS, 2021,28(2) ; 242-247.

Azhar A ,Makihara D, Naito H, Asano K, Takagi M, Unoki S,Tomita R, Abbas B, Ehara H. Sago palm( Metroxylon sagu Rottb.) response to drought
condition in terms of leaf gas exchange and chlorophyll a fluorescence. Plant Production Science,2021,24(1) ;65-72.

i, WROY, MR RS, AT A T BE MO A AR DE IR B B LS. NS PR AE B2, 2004,10(3) :286-291.

2 BT, TR A XA FDEIRE T ) =M O SRR S RSO SRR . PEILRIY) 24, 2006,26(2) :266-275.
Farquhar G D, Sharkey T D. Stomatal conductance and photosynthesis. Annual Review of Plant Physiology,1982,33.317-345.

JEIVRAR, BT . KM K AR AL M PSR 252441, 2019,39(6) :2156-2167.

Emse, M6l M, T, IRIR , 22075, BA0AE, P0G, T 528 M DX SRR v oK 23 R BRI ST a8t SRR
2012,25(2) :17-23.

JIEME ISPAR RS R, SOOI, 5 b0 X LR £ M 21 A A R Rk o A AR IR . T DCROE BIFSE, 2012,30(3)
171-175.

TRILH A IR, R ARIEAR, XA 4. SEPNRAS 2025 B e 2 A ZF7A8 i Bl ey %) 55 8 1 5 14 A JLR) 107 2 0 S PEIE . MRl Bh27, 2018, 54
(6):33-43.

http ; //www.ecologica.cn



