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FEE O T OGS | RN X TR0 2 B4R 60 1 1 | LA AR A T T BT 43 B S R4 Hh R8T 2 5 3R ( Leucaena leucocephala) HFFEXT
G AT T HARRZE (7 ) REZE (1L ) BOEE A BRRE RIS R PO CHRRIE . 25K () 8 P,-C R g b, C <
150 pmol/mol , =5 3 (Net. photosynthetic rate, P,) & T, M4 €,>150 pmol/mol, =1y PR TR ; (2) LT
B2 T2 W6 R AL ZCR (Initial carboxylation efficiency, CE) | Y6 & fiE 77 ( Photosynthetic capacity, A4, ) . CO, £z &5 ( CO,
compensation point, I") JGIFW % % ( Photorespiration rate, R,) VR RIR AL (Maximum carboxylation rate, V)  fx KHL T8
o) TR TR BE ) FH % (Triose phosphates utilization rate, TPU) (J, . /V.. . S FLFR il {&
( Stomatal limitation, L_ ) FI 1L FI/K 75 22 ( Vapor pressure deficit, VPD) 3 2 F [ ( P<0.05) , M i I 8 2 ( Dark respiration
rate, R, ) A CO, ¥ (Intercellular CO, concentration, C,) T fL5 & (Stomatal conductance, G, ) 7€ & # *% ( Transpiration rate,
T.) JFG T B RiEG A 3R ( Light-saturated net photosynthetic rate, P, ) FI7K 53 Fl FHZL R ( Water use efficiency, WUE ) W] i 3
LEFF(P<0.05) 5 (3) TZ=AY PSII SEPRIEA A% ( Actual photochemical efficiency of PSIL, @, ) , YaAb 25 K Z2 %X ( Photochemical
fluorescence quenching,gP) , iL%1% 3% ( Electron transport rate, ETR ) £ 7 ) 8L 2. 3% T (P<0.05) , AR e fb 2 7K R 4L
(Non-photochemical fluorescence quenching, NPQ) NN ( P<0.05) ; (4) MR FESHN 0o NPQ . ETR 5864 L FLHE bR
AHOCHERRR , AE T4 1l DX SFLBR RS2 B AR 5 OB 00 G ORI FE R R mi Ak AL RS2 m L TR G B m £
BHEE,

KERIR BT EE U TR s TR M B R B AR R O

T (Maximum electron transport rate, J
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Abstract: Jinsha river dry-hot valley with a fragile ecology in Southwest China is characterized by hot and dry climate and
serious vegetation degradation, that is difficult to rehabilitate the original ecosystem structure and functions. In order to

study the adaptability of the introduced tree species to environment of Jinsha river dry-hot valley, photosynthetic
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physiological characteristics and chlorophyll fluorescence characteristics of Leucaena leucocephala were measured in dry
season (November) and wet season (July), respectively. The results showed that: (1) According to the P, —C, response
curves , net photosynthetic rate (P, ) in dry season was higher than that in wet season at C,<150 wmol/mol, but it was lower
at C,>150 wmol/mol. (2) Compared with wet season, vapor pressure deficit ( VPD), stomatal limitation (L_), initial

carboxylation efficiency (CE) , photosynthetic capacity (4,,,), CO, compensation point (1) , photorespiration rate (R ),

the maximum carboxylation rate (V,

(TPU), J,./V,

max cmax ?

), the maximum electron transport rate (J ), triose phosphates utilization rate

actual photochemical efficiency of PSII ( @, ), photochemical fluorescence quenching (gP), and
electron transport rate (ETR) of Leucaena leucocephala decreased significantly in dry season (P<0.05). (3) Compared
with wet season, intercellular CO, concentration ( C,), stomatal conductance ( G,), transpiration rate (7T,), water use

efficiency (WUE) , light-saturated net photosynthetic rate (P, . ), dark respiration rate (R,), and non-photochemical

fluorescence quenching (NPQ) of Leucaena leucocephala significantly increased in dry season (P<0.05). (4) @, , NPQ
and ETR, three indices of chlorophyll fluorescence parameters, well correlated with photosynthetic physiological indices. In
conclusion, the main factor influencing the photosynthetic rate of Leucaena leucocephala was the stomatal limitation in wet

season, but it was non-stomatal limitation in dry season.

Key Words: Leucaena leucocephala; dry-hot valley; seasonal change; photosynthetic physiology; chlorophyll fluorescence

DRI 52 P Aty 2 X R = 6 XL 2800 5 W), 8 ] D4 g A T L DX PRGN 45 ) fe 4 4F T R R B HIR =70 B
A AR R A I A TRE AN i M X R B A g A T RO A M X O 1 A AR EREE, F AR
SRS BURE B AL, INZ H 25 B R A TR R A, S BOZ M XA B IR ™ &, AR SR BE eSS , 2E
ARG RAE, T2 A SR R DR . PRI 4532 b DX A A8 PR (R AR PR A ) 1 8 e vl [ G g s X
Ty AV T e XA LR 4 o EAI, 07 28 HE O AT 45 3 107 1 i ) e i S IR 32 DX A 25K O 1 B4
iz —,

R G AKX (Leucaena leucocephala) &= 48 My IX AR5 | FER R HHR 22 % 0k H B AR B 2VEH R4,
A T LT S BB 0 , % T AT A 1 B FL A A 1) A 28 P, I S R A 12 IX B A A e G R
FERERBR Y 0 RN R RO C AR O A AR BRI AT U T R T i <AL
TERCRRPERRAR R B il D OB BTG R R B LA SO G & B 2 00 5 R R AR AT BE S BU YD G R 0T
BEL IR B R R S PR AT SRy SCFLBR i B AR AL BRI T4 1 TR e 25 R | Aok
A A BRARE A 2 AR A B A% 2 B 4y o 12 M X0 6 P R R R, X b DX AR A X G A A
TG AL S B A0 B AR R i SRR ORI (PR SCR S A AR S
TEAREE R B — WG XT G 2 R ARG B ZEAH ) AR A A B S A /D A (R R, DRI AR SOOGS0 T] 4 i, DX B A 7 4R
B RTEAFZETT 6B Az BARE S M4 R VO CRAE AT I AL 5E | 43 B AR T8 2R )R AR B WO & HLER AR
AR 55 D DR A AR T2 Hi DX P 4 B Bl it

1 #FRFnFix

1.1 X5 Ao

TG DXL TR AR VT T S AL BB AE T oK 5y B AR A BRI AR (21°447047N 101°51°08"E) |
MR L 1048 m, R IR+ 1R T B MR TR, AR RRES DU AR TR
19.9°C , 7% H R 11.7°C , feA A P30 25,290, Bt i Uil 41.2°C , B e AR AL - 2.4°C 4R P2
H HEE £ 2397.4 h, (Hiz#h XU+ 5 R0 U A F R KR 1101.2 mm, 4FP278 K 5 2178.5 mm,
MR EAER 5—9 H Rk S REN 94% , TEABEM 10 H ZHR4E4 1,
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12 ARSI T

TEIRI DI , ERE3BAL (TR3) B im (R R (25°) A5 57 L AR RS ), IR JEA — B il B G
i U RHTAR G 10 BRVE A AR AR, JF JEAT HERR S 5, BB 5 b B AR i 2 45 A4 nesh (el | rm] O T
Fr 0T 2017 4E 7 A BAIGIRE) A0 11 H i) (%) g ARSCHE AR I | AR 3E 3—5 VA,
1.3 DESebR B Jr ik
131 PREERIFNE

TEWFFEIX I 2 km G N AT = 4 815 O NHI121-NHSF48 [/« S 4 -+ 327 Wi {2 ( ZhongkeNenghui
Tech.,China) , Wil B 1.2 m & 5 SR (Air temperature, T, ) S ( Relative air humidity, RH) 853 52 #1855
Febn, LA R 50 em IR JE A 38R E (Soil temperature, T, ) . T IEARFE 7K & (Soil volumetric water content,
VWC) %5 TSI FR bR, AL 30 min A Zhicst—REHE
1.3.2 SUARSCHSHOR P, —C, W 7 2k i) I 2

BEFFRCSR LA AR AR SRR (57 1A BT S I, 7 R B KR R 9.:00—12:00 AR 3:00—
5:00 PIAIFIRIBEA, SR H Licor- 6400 FEHEROE AV N AE L ( Licor, USA) BEATAHSGE A A PR AR G E . &
Jexd itz N R RF I I R FEAT I A RIS L R 3 N IR BB S 25°C £ 1°C I AR I TE 75% +5% , FIH €O,/
BRIEA RGO A CO, ¥ ( Ambient CO, concentration, C, ) 1% € A 400 pwmol/mol ( FUSNA KA AT CO, He
), A R ST (Photosynthetic active radiation, PAR) %% &7 1000 wmol m™ s™' | i&i i 30 min, RJ5K PAR
TEZFHLE AR AR 1800 wmol m™ s~ (BHIASCEIAS ) ,3& N 10 min , W22 JH I A 6L FIOG T 0G4 B3
( Light-saturated net photosynthetic rate, P, ), L & < L 5 B ( Stomatal conductance, G, ), £ 5 #H #
(Transpiration rate, T,) Afi[E] CO,#&E (Intercellular CO, concentration, C,) A1 {1 F17K 75 2% ( Vapor pressure
deficit, VPD) 254 S AL BH 31 S ALBR HIME ( Stomatal limitation, L) ,iHEAR K L =(1-C./C,) x100% ,
DL SR 7K 43 F A% ( Water use efficiency, WUE) , i1/ WUE=P, /T, & FIH CO,/NMNIEA
RGN E NI C, W BE R BE 43 315 B 400,200, 150,100, 50,200,400, 600 , 800 , 1000, 1200 , 1400, 1600
1800,2000 wmol/mol , A Z5F AN RN E FE VR BE I TEAE A % 5 5 W A B P J5 3 1V 3 min, F7 3 E0RE
J5 10 UL (¥4 5 % ( Net photosynthetic rate, P, ) o 55 I ELA BUMTZR A8 IERLAL O X nt iy P, —C,
Mg 17 iR AT 480 Ta] R A1) P 2R B 1 B3 1 ) R R AK 8503 (Initial carboxylation efficiency , CE) DG & fE )
( Photosynthetic capacity A, ) JEFIHEE CO, ¥k & ( Saturated intercellular CO, concentration, C, ) , CO, fM& 5
(CO, compensation point, I") JGIFI 38 % ( Photorespiration Rate,R,) A SR H M AT Farquhar Y6
AR LA B TSRS B KR Ak R (Maximum carboxylation rate, V) e K HL % 38 R
(Maximum electron transport rate, ], ) R PNHEF] H 2 ( Triose phosphates utilization rate, TPU) . J, /V. %55
HHEASE, BRI R ( Dark respiration rate , R, ) 7EAZA] 22:00—24:00 JH Licor- 6400 il 5 | ¢ ] -2 G4
CEE R 400 wmol/mol , FLAIABEFE i 2514 5 H K —2L,
1.3.3 MEEIOLSHNE

WP P, —C, 0 L2 s AR ] R S B P AR5 4 AR U I - 24 b EA7 IS5 W A 3L, AR e B 1
et Fr UGB Licor- 6400 22602 (Licor, USA) W EAT A CHEAR AU SE , WEE S EAN il BE N
25°C£1°C M EEFEHITE 75% +5% , FIH CO,/NREA RGH €, E K 400 pmol/mol , PAR & E 4 0 pmol
m™ ™', BTG 15 min J5, FREEECRUE , U E L PSIT SR, HH O B i RO A 27 A4 % (Maximum: photochemical
efficiency of PSII,F /F, ), BEFT LR " Bt PAR % E H 1800 mol m?2s’! , Bl A yGss | 7640 30—45 min
J& PR E R TR AR BT Y PSIL S H O (3 RE A/ 3K 24 % ( Excitation capture efficiency, F,'/F,") |
Hetk 2= #E K ZR %0 ( Photochemical fluorescence quenching, ¢P ) . AE )& 1k 2% % K & %L ( Non-photochemical
fluorescence quenching, NPQ) \PSII SEFRIAL 2430 (Actual photochemical efficiency of PSIL, @, ) FlHL 1516
%% (Electron transport rate, ETR) M2 R VLS5,
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1.3.4 & SPAD {HIE

PEPR5E T 2 0 A A2 S A S LA R R [ A 4 i, LT SPAD- 502 4 2 28 i 5 4 ( Konica
Minolta , Japan ) X 2 - #4744 2 SPAD {# ( Chlorophyll SPAD value , Chl-SPAD) il & , £ 3 8 42 0 =
3K,
1.4 Bl

FIH Excel 2016 PEATHIEE B 525 &, F SPSS 25.0 XA CEHE I T 118 25 18] A4 22 53 B 2 M b Jeda
(] (A G 3

2 HIRER

2.1 BRI R I

HIZR 1A, TR R A A IR A LR A 22 W R . TR T, T Ty - RH SFTRIR
BRI B I TR F R 0 R o T R0 T BEIRECK, 4390 R 31.04% 1 60.84% , T2/ T,
Tty ~ T (i) BB ZEAT SRR T 15.38% 14.66% ,17.86% , 17 + HER) VWC B0 2 T [ W1 10, W4 IR 34 5]

40.54%

F1 FERENSEMLERIZRHT

Table 1 Meteorological and soil environmental characteristics in wet and dry season

9 Season T,/ C Toirtma)” € Tair(miny 7 C RH/ % T/ C Toitmax)” C Tgit(miny 7 C VWC/ %
1 ZE Wet season 24.29 37.80 16.60 83.01 24.83 26.26 23.97 22.62
T°Z Dry season 16.75 35.80 6.50 77.04 21.01 22.41 19.69 13.45
T, /W Air temperature; T i) e 5 A Maximum air temperature ; T i (min) I AIKA R Minimum air temperature; RH: i Relative air
humidity ; 7' : T3 Soil temperature; T ) 5 £ IR Maximum soil temperature ; T (i) 2 A% L3 Minimum soil temperature; VWC; T3k

FLE 7k 4= Soil volumetric water content
2.2 TRRRHR G WA TS ERE LU

HI 8 2 W A TR BRGNP, G, .C, . T, WUE 3L 7 23 b7t 4300 ETF T 26.50% |
100.00% .20.35% .10.34% .15.63% ( P<0.05) ,1fij L_ . VPD W/3 51 i 2 R T 29.24% 65.91% (P<0.05) ,

£2 TFEEHRAKNSEZRSHY
Table 2 The gas exchange parameters of Leucaena leucocephala in wet and dry season

0 P/ G/ C/ T/ WUE/

: L./ % VPD/KPa
Season (pmol m™2 ") (mol m™2s™')  (pmol/mol) (pwmol m2s7") ( wmol/mmol )

12Z% Wet season 14.04+0.25b 0.17+0.01b 238.73+0.73b 4.45+0.13b 39.98+0.55a 3.20+0.04b 3.52+0.21a
2 Dry season 17.76+0.34a 0.34+0.01a 287.32+0.80a 4.91+0.08a 28.29+0.38b 3.70+0.21a 1.20+0.11b

P TEFIFE T 16 A # % Light-saturated net photosynthetic rate; G, ; AL E Stomatal conductance; C;: Jfl ] CO, ¥ Intercellular CO,
concentration; T, : & J#5 #% Transpiration rate; L, ; “TFLFRHI{E Stomatal limitation ; WUE ; B 7K 730 F R Water use efficiency ; VPD ; I 51 FI7K 7%,
JE2% Vapor pressure deficit; 211 [F SIS [F]/NG ERECRIZFEARFE T8 22 0] 19 25 53 . 351 ( P<0.05)

2.3 THREHRA K P,—C 4k

FH L1 AT B2 AT 2R S o i P C R AR — 3, Y €,<300 wmol/mol, P % C, 1Y 1Tt
WG B CAkE: Tt PGB BT SR s B e AE 48 i C B, P B 0k T 728 (R AE AR YR 30 f
WA BT RS, 2 C,<150 wmol/mol , HHAR A T2 P, T2 ;1M €;>150 wmol/mol , T2 P WK T2
&, FEME C KR, TREIURE KN C R TFIRZE, EASUNZAE R TR ARG XK P, —C W N i £
AR RALA T BT AR A P 2280 R 43518 0.9979 F10.9991
2.4 TUBFHER A WA CA B AR AE K VT I SR E g

A Xt A XU A8 AR Farquhar Y6A A4 (LB TT 50 H AH 5S4 AR BEA (L S 8000 50 Bt & 3
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(3. 4) FRERTE CE A TV S s

TPU .J. /V, BB B EAE (P<0.05) , T FEIRE ;‘ 50
A5 R 28.57% . 18.91% . 22.89% . 53.05% . 62.36% . —g 40 | A
13.90% \19.51%; C,, WA 30 H 22 IR W2 . Rk ;;‘:f 30 ¢ e wma
. . V. = = TESIYS
HERITI {6 T A0 R B EREFIRT Z5 | i
41.85%(P<0.05) I R KB ERE I T 96.55% =% 10 - PENA Ak
2 0

(P<0.05) 2 ¥ 200 400 600 800 1000 1200 1400 1600 1800
25 TRERRGRNHSERIOCSH g R 270 HIHICO: K E C,

q;j: - K? Intercellular CO2concentration/(pmol/mol)

SEARE

Hﬂ%%S ﬁ%ﬂ,*ﬁﬁ??ﬁé,%ﬁ%ﬁ%ﬁ\q:é% (DPSH\ B 1 FREZFIRERE P,—C; MR #h £

Fig.1 P -C,; response curves of Leucaena leucocephala in wet

qP ETR #H P8 % T (P<0.05) , FFEIEE 5350 0
33.33% ,26.83% ,30.89% ; NPQ W H 8 & & -+ (P<
0.05), FFHIEE N 21.24%,F,'/F ' F /F_ FlChl-SPAD
AT B3 FIH K = AN HEAR X 25 (AR AL I AN U

and dry season

£3 TESHRERXPASEESHRIFRER

Table 3 Photosynthetic physiological parameters and respiration rate of Leucaena leucocephala in wet and dry season

i CE/ A/ Coa v/ R,/ R/
Season (mol m2 1) (pwmol m™2 s71) ( pmol/mol ) (umol/mol ) (mmol m™2 s7!) (pwmol m™2 s71)
12 Wet season 0.21+0.02a 47.01x1.51a 1462.90+39.02a 76.41+5.41a 13.50+£1.91a 1.16+0.07b
T2 Dry season 0.15+0.01b 38.12+2.28b 1543.25+76.88a 58.92+1.12b 7.85+0.62b 2.28+0.16a

CE . WIH AR A% Initial carboxylation efficiency; A, : Y65 HE J1 Photosynthetic capacity; Cy,, : f A1l [B] CO, ¥ & Saturated intercellular CO,
concentration ; I"; CO, #M22 5 CO, compensation point; R, GIFIRHR Photorespiration Rate; R ; 5 PFIGH R Dark respiration rate ; 3 H {5 A [F]/NE
FHRHRRIZIEARAE TR (R] 1) 22 57 W 3 (P<0.05)

x4 TESHFRAKWAESEUSH

Table 4 Photosynthetic biochemical parameters of Leucaena leucocephala in wet and dry season

P Vo T/ TPU/ o/
Season (wmol m™2 s71) (pwmol m™2s7") (pwmol m™s7") Vemax
HEZE Wet season 132.66+9.59a 163.88+14.22a 14.39+0.64a 1.23+0.02a
2% Dry season 62.28+4.09b 61.69+5.09b 12.39+0.93b 0.99+0.02b

Vemax ¢ e KR AL E % Maximum carboxylation rate; /. : 5 K HL F A% 336 3 % Maximum electron transport rate; TPU . T 12 TR B A1 R Triose
phosphates utilization rate ; & H1 [F] 1 AS [F] /NG EREAR SRR A8 AR 7E T8 2% (0] 1) 22 57 1 3P ( P<0.05)

®5 TEREEFRAKMAMEE SPAD ERMERLALSH

Table 5 Chlorophyll SPAD value and chlorophyll fluorescence parameters of Leucaena leucocephala in wet and dry season

ZEY Season F./F, F,'/F,’ Dy qP NPQ ETR Chl-SPAD
12 Wet season 0.79+0.07a 0.40+0.04a 0.15+0.02a 0.41+0.02a 2.59+0.30b  115.35£12.76a  61.70+3.89a
T2 Dry season 0.78+0.02a 0.34+0.02a 0.10+0.01b 0.30+0.05b 3.14x0.15a  79.72+7.95b 58.07+4.17a

F,/F,, :PSIT e KA 2207 Maximum photochemical efficiency of PSI; F,'/F, " YeAEHl 35405 Excitation capture efficiency ; @pgy, : PSIT S2PRG
k24303 Actual photochemical efficiency of PSIL; gP: Jfi b 2% 4 K 3 ${ Photochemical fluorescence quenching; NPQ: JF ' 1 2% #8 K 3 %{ Non-
photochemical fluorescence quenching; ETR ; B, T1£ %4 % Electron transport rate ; Chl-SPAD ; %% & SPAD {H Chlorophyll SPAD value ; 3¢ [ 51) A [R]
INE ARG b e TR ) 25 57 B35 VE (P<0.05)

2.6 HRAVOLE A A SERIM R E IS Pearson FHIEHE ST

H1 6 TR, BB D& AR BB EADE G RS BOR BUF ARG, A, 5 CE.T R,V o o B
W2 IEAH R (P<0.01) , 5 TPU J,, / V., 22 W& IEHIE (P<0.05) ;CE 5 A, TR,V Jou JTPU J,./
V o AR 2 IEAH G (P<0.01)

cmax
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R, ROMNSHCEABAMSEEEMA I, R 5 A, CET V. J.. 2% 8 EEHE(P<0.01),
5 TPU . J,o/ Ve R EFIEA I (P<0.05) . MRS 'V, S HEEE AL (P<0.05), S ./ Voo B
WE AL (P<0.01)

MR RIOCHERT F L/ F) F /F, T80 5 4006 A A AL Fe bR AR DG PR35, (H NPQ 5 A, \CE T,

111111

3 e

WFFE b X T 22 (1 R AR 2 PTG, Aoty = MR R 550 T2 e, H T2 140, SR B3 10 2 9 A R A4
BESRARN 0, 3K T BB INR (R 1) .
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I HIE RS T 7 AR, S L WUE 535580, B X T P 2 A8 (438 R 1, AT R K A A R
AR A ALY M X VPD 78 Ak BN ffURe
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B AW SALBREIVE IR 72 R 4E ¢ KT H CART T2, v H TR B CO, R, Rt 2=
(IR (32 1) W4T Rubisco M2 J1 2% W 4, S A R B8ORS R W, I T, P, -C ik
5 AR AR A S A RS EAHEAR C /RSP (C <150 wmol/mol) | M Z=1 P AAXTEAR , (HOGIRIEIF A —
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