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WE N T 00 T 2305 T o T KIRIRASAXT 54 ( Populus euphratica oliv. ) YaAVE BRI, X3 BRI T iiE 3 A~ H T /K HEER
(4.91,6.93m F1 8. 44m) L WA 7 93T H AR 4k Sm R i 26\ Py-C, 14 DL B it S 3 5 Rt S b AT T RT3
WFFT4E B2 2 T KRR M 4. 91m B HNE] 6. 93m 1 8. 44m, BIHIEE B R (P) (10:00) , FIHETENC(F,) FARTE(F,) LA
Fe PS I S2BR A7 30 (g ) (L TARIE IR AR (ETR) ARGAL K R EL(NPQ) FIIEAF MK (W, ) SRR AR T B 28k,
HrAiits NPQ BN T 109% —127% Dy, ,ETR F1W, .\, SFHNENT 24% —29% ,17% —22% F131. 6% —45. 6% , KW Hit5 2 5
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Effects of groundwater depth on the gas exchange and chlorophyll fluorescence of

Populus euphratica in the lower reaches of Tarim River
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Abstract: To reveal the effects of groundwater depth change on gas exchange and chlorophyll fluorescence of Populus
euphratica grown in arid region, we measured and conducted comparative studies among the daily course of gas exchange,
light response curve, photosynthetic response to CO, ( Py-C, curve ), chlorophyll fluorescence parameters, leal water
potential, and chlorophyll content of P. euphratica grown at different groundwater depths (4.91m, 6.93m and 8. 44m) in
the lower reaches of Tarim River. The results showed that the net photosynthetic rates ( P,) measured at 10;00, the
minimal fluorescence ( F;), the maximal fluorescence (F, ), the actual photochemical efficiency of PST (2., ), the

apparent rate of electron transport ( ETR) , the non-photochemical quenching coefficient ( NPQ)) and the leaf water potential

measured at noon ( ¥ . ) were obviously changed with the groundwater depth increasing from 4. 91m to 6. 93m and

midday
8.44m. Among them NPQ increased by 109% — 127% , suggesting that P. euphratica could increase the thermal
dissipation of excess excitation energy by NPQ process to avoid suffering the damage of photosynthetic apparatus. However,
£, decreased by 24% —29% , indicating that the increasing groundwater depth resulted in the photochemical change of

light-adapted leaves. Moreover, F, decreased by 12.2% —18% , F, decreased by 7% —15.5% ,ETR decreased by 17% —
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22% , and ¥

midday

decreased by 31. 6% — 45. 6% respectively, showing that the degree of drought stress from which P.
eupuratica suffered would increase when the groundwater depth increased from 4.91m to 6. 93m and 8.44m. Additionally,

when the groundwater depth increased from 6. 93m to 8.44m, the F,, F,/F, and F, measured at predawn and noon did not

m 3

change obviously, showing that P. euphratica could hold the PSII photochemical activity and the PSII reaction center was

not damaged under this condition. Similarly, ¥,

midday 2

{2, and ETR also did not change significantly, showing that trees
grown at groundwater depths between 6.93m and 8. 44m likely suffered from the same degree of drought stress. When the
groundwater depth ranged from 4. 91m to 8. 44m, the apparent quanta efficiency (¢ ) changed slightly, with minimal

damage to photosynthetic structures ; and the maximum velocity of Rubisco for carboxylation (V.

cmax

), the maximum potential
rate of electron transport (/) and the triose phosphate utilization rate ( TPU) did not change markedly, suggesting that p.
euphtatica can keep the activity of electron transport on a certain extent and the output quantity of triose phosphate from
leaves; simultaneously, the photochemical quenching ( ¢P) changed insignificantly with the increasing groundwater depths,
indicating that the opening degree of PS Il reaction center of P. euphratica grown at different groundwater depths was
approximate the same. Moreover, the maximal photochemical efficiency of PSII (F /F,) measured at predawn and noon
possessed the higher values ranging from 0. 85 to 0.87 and from 0. 81 to 0. 82, respectively, indicating that PSII original
photochemical efficiency was not influenced and the photosynthetic structures were not damaged by the increasing drought
stress. Overall | the drought stress degree P. eupuratica suffered from within the groundwater depths 4.91 —8. 44 m was not

beyond the tolerance of trees, that is, the photosynthetic capability of P. eupuratica did not get an irreversible harm even if

the groundwater depth increased to 8.44m.

Key Words: Populus euphratica ; chlorophyll fluoresce; groundwater depth; photosynthesis
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M, PR A 7 e ] 34 PR T B 56km I IX O iR X AR K S8 AE 17. 4—42. 0mm, 4E-F- 178 K g
F1H2714.6 mm, Z KRR, 4R K RS AL 5692—6360 MJ/m” , 45734 H FE A [E] 7 2780—2980h , 4F
KT 10 CHIFRIR N 4040—4300 C ,FHB IR ETE 13—17 CPY | MR 2R R AR B0R G FRk
SRR ARABEEAEY) ]y 32 T IR HERFI AT YRS . TR T ZA W (Populus euphratica) , HE
K FZG BN ( Tamarix spp. ) . R ( Nitraria sibirica) 42245 H] ( Halimodendron halodendron) , F: " Z2 ¥ £ )
( Tamarix ramosissima) WIBEEMI( Tamarix hispida ) KFEEEMN ( Tamarix elongata ) 55 2 F6) AN TE I\ B £ 45 A
FA Y £ BH P2 ( Phragmites communis ) % A BK ( Poacynum: hendersonii ) |15 M35 3¢ il ( Alhagi sparsifolia) .
H ¥ ( Glyzyrrhiza inflata) AEAESE( Karelinia caspica ) %)

1.2 HrEkR

AR SCUAE AR T i 2 R RS A S WF SR G, BRI RTE R, To U 1Y 9 Bk 35—50a Wik, 8—
10m = ASAA A EA I R T RS AS ) iR KSR A S AR S e R S R DRI FE IR, 4545 W IR A K b
K W H A B AR T T 1) BE RS E 50 ,550m H1 850m AL 3 ANKEM I AE FIRRE S AL (H R K
PRI 4.91,6.93m F1 8. 44 m) WA 09 SRS AN IH S RO R . TEDNE B 6 G AF T A R AE
PR _EAHEL S0 FrAE R IE R BN i, IF 5 R KRR R G 45 5 7 BB ZURE T 8 SE IR s XA i
RO e
1.3 WE %

1.3.1  SARACHR I

£ 2008 4F- 8 7 13—15 H IR F#A TS iy H AR E . 765 — M /K HEGR A e 2—
3 R, FH 116400 45 2064 7E N E{X ( LICOR Inc. , Lincoln, NE, USA) X4 e i T e B 2 i)
Yo RIS TR R, AR A A R 3—S it R R AT AR e B 3—S Wk I BT Sy
8:00—20:00 , I 7 (B F&-A4 2h

S 7 2R FHAES H Y Light-Curve B2 I E 05 IR B S A A4 H AR Ak 14300 2 0 AH [ A AR 1A T, 9
PRFFFLEAE 300 wmol/s, M Z I FETE 30°C , I H CO,IEARGMH S HE CO, Wk A EFE 370 wmol/mol , ] H
6400-02B LED SEIE#E A4 REREHE (PAR) M 2000 ) 0 pmol m ™ s ™ R ok AT I 22 P -PAR i 17 fy
2 TR — 4 KRR N H A E 4 1K,

CO, MR HZEFIH Py-C, A Shil 2 f2 7, & B CO, ¥ & A 370, 300, 250, 200, 150,100, 50, 370, 450,
550, 650, 750, 900, 1100, 1300, 1500, 1800 wmol/mol, 7347 4R 51 4 1600 wmol m ™2 s~ FillE CO, M
MR, B N KSR R A DE 3 IR,

1.3.2 MHERISCHNE

F A 5L MINI-PAM ( Walz, Effeltrich, Germany ) 7EIMN S ARAZ 4 H 284k AR AR [a) R 5 -4 R 96
HSEL, TE 6:00 F 1200 W E A [FlHL T KRR NS BRI 26 (F,) FERZOE(F,,) , IE Fi it R g
1Y 30min, YGRS 1 9B IO CALFRCR(F /F ) (F, - F,)/F, R B89 (F) FOGE Y 50
TNERKAI(F, ) FE10.00—11:00 HEATIE, B—H PR FEE N E 15 K, PS TR 80R i
Oy = (F =F)/F, 8> LW FAE#BER ETR =0.5 x Qg x 0.84 x PPFD™ Hih 0.5 2 {E %
WS B PIASE R GEH 343 B S41,0. 84 NWOLREL, PPFD It il s % . SRR K qP =
(F, =F)/(F, -F,") " HpaE s NEe Fy = (Fy/[ (F/ F,) + ((Fo/F)) P AR fbige
REBNPQ =(F,/F,") -17 MR ICADIREMMTIBRE] L pppy = 1 = (F,' =F,")/F, xqP))/0.83%),
1.3.3 LIS /KERNE

TETAMRERRB 32 B 200em TR 351, 75 0—60cm £ 10em A 1 J2, 7E 60—200cm , £ 20 cm N 1 JZ
KR IR BRI AEE . L X SR T T IR TR AR K
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1.3.4 W RRE A AR

MER R A e FRECO. 2¢ HIIRE S B TR L A 20 mL 80% N ERVA 2], I & T 40°C K
w s ORI 5. Sh(GEE'G) | ZJ5 BUHH LR AE hES L (13000 %/min, 10min) B B WREE A 25 mL &,
FH 80% P EA R AE 2%, LA 80% B PR B 75 ¥ 0 %o B, 1 42 663 ,645nm Ab 1 WG FE A, SR BRI SR E W C
(mg/L) =8.020D; +20.210Dy,, , FARPEHEER AR5 2 R it

MK E FEIESEAVE R ARTE K, R HR-33T 8 Sk SO A ok Sk A7 2, 7e5—H R
IKHEREREE T 4 BUS 6 A V8 FH I 2 AR R RS AR LAt B 3 R, 20 B T 3 @R KA C-52 BEShVE N, FF
30min P 5 A, BRI 3 Uk BCHAE YA . 7 I TE] 2y 6.:00 A1 1200,
1.3.5 MU F/KEEEAG I 2

TE S DX T T3 MR R B0 Fe A T 3 A W T, 76—~ T 1L A 5 — B 8—10m ¥R A
IR R W | A0 250 47 AR S F AV FH 19 1) — DR ) FH b 3 ) — R A0 g b R /KBRS
1.4 St

[+P,, - /(¢ +P, )" —4¢IKP
YR A (A b py = E1 P = OO Pon 2800 oy o s 1t

JCE ARG o HFRWE TRk M B RE P, HEIOCE AR, R OIEIFIGHE AR, SGAME S (LCP) i
A H RIS 0—200 pmol m > s ' F ¥ PAR 5 P PRI G, ARG Sharkey 58 N FYEA CO, M 7
LR AYAR L MR R A BOR 2 S SAE R 25°C R B9 A K Rubisco JRALHER (V... ), HTFIEHHER(])) A
FEYIERR IS R R (TPU) W9 1H.,

K spss11. 0 XEHE AT R E T 227087 (one-way ANOVA) , I8 F Tukey K386 X B E M2 7 (P <
0.05) #HfTZH ILE,

2 BR5HH
2.1 HIEESKEAEE 487k it Soil water content/%
BR B AE 3 DR N KL RIS T, 7E 0— 0 2 4 6 8 10 12 1416
80cm + )2 HIEF K E AT 5% , I HHE - ZIRE 13:;; W F A4
O, 408 S5 K B R AR I 15% . 76 T K0 I 2030 e,
4.91m &2 T IES K EE/N,HB/NT 2.5% ;5T 3040t
KB 6. 93m b R T 1 100—120 em A £HePk Yy 5 070
9.2% , 1M Hifth 2 #AS B 1 1. 5% ; 1 78 Hh F 7K 3P ; 60—80
8. 44m Ak, ML BRERT 80em J5, LHEAR R & OO
Bt S, s s 14.7% (F 1), H 120140
2.2 AR[HF KSR T 55 S A S e A ::::‘:g
2.2.1 HZELEHE 180—200
FE 3 AR KRG N E 6 A 3 R AE 10 .00 B
SSBNBA, 225 B B30, R R 25 T 1 1 ARETARR T RS ROEL

Fig. 1 The change of soil water content at different groundwater

P, SALGE 5 AE R EIAMRIA S, AL ADE
BHlRE - EZEWAKIREZREZmM(E 2 A, B, F),
ZEE R AL RS R I RIEA —S(E 2 €, B), I HAE 3 AT KR 22 [8UR77E I 8 22 5
(P>0.05), {HJETE 1000, b F/KHEVR 4. 91 m AbfGA HR BT i R T R /K 6. 93 m M1 8. 44 m Ab )
HAHR(P <0.05) , FH53 5w 1 15% F130% . FEHL R KRR 6. 93m AbJEA HURIE KT 8. 44m AbHEE
MR HWE AR 225 (P >0.05),

depths
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%—'E 13 ‘%?04 Ew 12
2 = ﬁée ijé E 0t
£ =320 "8,_—0.3 2 E S
REE 5? £ g E 8r
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& 1600 S p or &
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F.z £ 595
3 E By 35 Heg 4r
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= = 800 e % 2=
= E =E = %5 %
&s 3 2 30f EEN 3
R2E 3 23
= = | =%
e 40 - st S 2t
Z
i 0 1 1 1 1 1 1 1 20 1 1 1 1 L 1 1 I 1 1 1 1 1 1 1
= = =2 o [=] = = = = =2 o [=] = = = = o o [T ] =
= S B4 = S B4 T e R
w S d X 225 w S d X 225 ® 2 aF 8 =g
it i) Time [} 8] Time [ ] Time

2 AEMTKERTHAGSAGER SASE ZBERRRNESHNETL
Fig. 2 Daily course of net photosynthetic rate, stomatal conductance, transpiration rate and environmental parameters of P. euphratica
grown at different groundwater depths

AR PR IR 22 K B R KF (P <0.05)

2.2.2 St 2k

FEHL T KIEER 4.91m F16.93m Ak, 547 M B AR A A AR ] . 25 5 (P >0.05) {2 7F i R /KR 8. 44
m &b, ZEAH DG A A SRS T HOL AR I /N T HABFIAL (P <0.05) , 8 X 'emm 7 i 28 19 35 2 A ek 5l
BT OB AR (P, ) LG A (R, TEA AR KR FAAES 2 5% (P <0.05) fHEE
W TRCR (@) FOGAME R (LCP) FIBEAAHIR] (R 1) o 7EHL T /KRR 4. 81m F1 6. 93m b P, BB KT
H R KR 8. 44m ALY KOG A (P <0.05) , V31535 5 43% F132% .

F1 FEMTHKERTHEHAEGEESH
Table 1 Photosynthetic and physiological parameters of P. euphratica grown at different groundwater depths

FMAETROE ¢

i BRMEHEEP,, JERME B LCP
- RERPIR B R, - 5 1y /(pmol CO, wmol ~! Kbt m‘:z o o
iR K B/ m /( 1CO, m2s 1) /(pmol CO, m™*s™") ) /(pmol m~*s™") R ALk
Groundwater depth pmo am s Maximum photons ) Light compensation Coefficient
Dark respiratory rate . Apparent quanta .
photosynthetic rate efficiency point

4.91 1.60 +0.26a 23.32 +0.91a 0.058 +0.001 28.95 +6.58 0.541 +0.036
6.93 0.91 +0.08b 21.49 +1.76a 0.055 +0.001 16.09 +3.44 0.538 +0.074
8.44 1.23 +0.08ab 16.29 +1.29b 0.056 +0.002 22.63 +0.47 0.480 +0.045

AR TR FIR 22 K B K (P <0.05)

2.2.3 P,-Ch
RIFHLF KB F il Py-C MR IR A S5 R (32 2)  FEMHE 25°C RT3 AR IR MY F KB T
YV, FEAHBTE 100 pwmol m ™ s ™' 4247 ,J HBTE 100 pwmol m ™ &' 2247, TPU HTE 9 pmol m > s~ 447, IFH
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V.....J Fl TPU 78 3 A3 /KGRI N AAEAEH 225 (P >0.05)

x2 AREMTHERTHEGH Ve J T TPU (R 25°C)

Table 2 V,,...,J and TPU of P. euphratica grown at different groundwater depths ( Leal temperature 25°C )
HR Rubisco AL V.., R TR ] BERR P R R T B TPU

iR KR/ m / ((wmol m’zs’l) /(umolm’zsfl) /(p.molm’zs’l)
Groundwater depth Maximum velocity of Rubisco Maximum potential rate of Triose phosphate

for carboxylation electron transport utilization rate

4.91 93.59 +10.85 101.33 £12.70 8.19 £0.82

6.93 97.45 £17.35 104.80 +8.74 9.53+£0.55

8.44 103.22 +10.03 140.73 +6.46 9.89 +0.50

2.3 AR[FEHLT KGR N Rt 5 e R O AR AL RE
2.3.1 R KIRERRT I R R 8 5

LTI KIRZR M 4. 91m HG/NF 6. 93m I, &g R H I A L4 B EMEMH(P>0.05) (£ 3) (HEY
R KIS N3 8. 44m B MR R SR A B AL (P <0.05) , 249080 T 16% , 22 KAFEREE T
TR A3 N B A N A AR AT Z FIE A AAZE W] i 22 5% (P > 0. 05) 5 T 7E IE 77 B, X5 Hb F /K3 M
4.91m HEMF] 6.93m F18. 44m Bf, 7K HHH B/ (P <0.05) , 70 51s/N T 45.6% F131.6% , {HAEH T /K
% 6.93m H1 8. 44m PIALMKEAR LA A (P >0.05) o FF HAEA R T KT 78 BB Iy it K
PG P IN , LE T KRR 4. 91m &b MK AR IR BE /N, 2 72% |, T AE HAth 9 42k i oK $5980/N 1 2 2—
3 fi%,

x3 AREMTKERTHGH RS
Table 3 Leaf traits of Populus euphratica grown at different groundwater depths
Hi R K3 Groundwater depth/m

4 PE Leaf properties

4.91 6.93 8.44
M2¢ 2 & & Chlorophyll content/ (mg/g DW) 0.83+ 0.0la 0.82+0.0la 0.69 +0.03h
BLUITIHIKH W, g0 Predawn leaf water potential/ (MPa) -2.65 £0.39 -1.53+0.28 -1.84 £0.23
TEFITIKE W, 140y Midday leaf water potential/ ( MPa) -4.56 +0.38a —6.64 +0.44b -6.00 +0.25b

AN FHRER R 22 578 8 K- (P <0.05)

2.3.2 MR OKIEEXT ISR R 5
2 N KIEZR I 4. 91m HEME] 6. 93m F1 8. 44m B}, iA4% 6.00 1 12.00 ¥ 4G2E0% F, B B/ (P <
0.05),6:00 F, 705108/ 1 14% F1 18% ,12.00 F, /3580 T 15.6% ,12.2% ,{H)& 243 F/KHER M 6. 93 m 14
hnE) 8. 44m I ,6:00 F112:00 F 2 #RAAFAEN] AR (P >0.05) (F4) , X 36 Bl 5 # R /K 3078 #4384 hin 5 4%
PS I S0 i AR A2 B ER 5 Rl 244 R /K HEGE M 4.91 m 3413 6. 93 m F18. 44 m W], #1#% 6:00 F112.00
RN FL I/ (P <0.05) ,6:00 F, 5350080/ T 7% F19% ,12.00 F, 53 538> T 15.5% F113.0%
{H M R /KEER M 6.93m HE/in%) 8. 44m HF,6:00 F1 1200 F SEIA AL HAFEHE2ZF(P>0.05) (%
4) X BEHITER T /K IRYR 4. 91—8. 44m JuE N, I RO e — & 19 PS IGAL# TG P, 6:00 A1 1200 B4 1)
PS T i KA 23R F /F (550 R 4516 0. 85—0. 87 F10.81—0. 82 Z[8] (£ 4), I HILIBAE 6.00 if 2
12:00,F /F £ 3 AR T KHEE F A B2 5 (P >0.05) . F,/F, AT LA PS T AW ZETE 14, A 3
AR IR T F/F W84 P R B 2 b T KRR 4. 91m 3ETmE] 6. 93m F,6.00 F /F {E34 0T
10. 8% ,JF HPIE ZIAAFAEW] i 25 5 (P < 0. 05) , {H Bl T /K HEGR#E— 22 L 6. 93m HE %) 8. 44m 1,600
F /F IR R BEWAL(P >0.05) 78 1200, F /F EA R T KR FEAELEW B 25 (P >0.05),
XEWIBEE T KRR 4. 91m BN 8. 44m B, #1147 PS I AUTRAEIR TEA S FIE
MR 4 ATF A R KSR AR N, RO A AR ETR (7R PS T SEhatfb ek
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Oy FH—E0, I+ HAEH /K 6. 93m Al 8. 44m 4k O F1 ETR B BAKT 4. 91m ARG (P <0.05) , 43 510,
DT 29% 24% F122% 17% , TAEHL F/KHEERM 6. 93m 34 HNF] 8. 44m B}, #1145 Qs M1 ETR HIAAFAEI i 22
(P >0.05), B TIREMIRE] L ppp 7EHL T KR 6. 93m F1 8. 44m L0 b KT 1 F /K YR 4. 91m (P <
0.05) (& 4) I HAHEIN T 33.6% F127.4% . it F KR 6.93m F1 8. 44m PIALHY Ly EVAFEAE D] 12
5 (P>0.05), X5 10.00 Yo & H5RAE 3 N FKERGIEE R A2 (AT, B 6 A D) BE AY B il 45
TR GG B | RG-S DI RE R BRI m DG G ORI, IF BAEG A T RE M BRI A —FEmHE A H
AR KA AR,

F4 TRMBTKERTHAGHMHRRRAESH

Table 4 Chlorophyll fluorescence parameters of P. euphratica grown at different groundwater depths

02 B R K Groundwater depth/m

Measurement time 2% Parameters 4.91 6.93 8.44

6:00 WIRDEN F, 304.3 +3.2a 261.0 +8.4b 249.7 +3. 1b
wRIOLF, 2078 +26a 1929 +33b 1885 +23.0b
PS TR FOCMERRE F /F,, 0.85 +0.00 0.86 +0.00 0.87 +0.00
KA AR/ WIMRDEN F L/ F, 5.83 £0.08a 6.46 £0.24b 6.56 +0.08h

12.00 WIRDEN F, 341.70 +4.73a 288.4 +7.1b 300.0 +6.5b
wRIOCF, 1880 +69a 1589 +48.0b 1635 +35b
PS TR FOCMERRE F /F, 0.81 +0.01 0.82 +0.00 0.81 +0.01
KRB/ WIIRDEN F L/ F, 4.52 +0.30 4.51 £0.12 4.44 +£0.21

10:00—11:00 FBRICAZER R Dpgy 0.444 +0.030a 0.3144 +0.021b 0.338 £0.015b
FRWCE BT ETR 160.1 +7.87a 124.9 +6.67b 132.8 £6.00b
JeE BRI BRG] L ppr 0.465 +0.036a 0.622 +0.025b 0.593 £0.018b
HAUAEK B qP 0.59 +0.035 0.499 +0.022 0.514 £0.022
A2 K R NPQ 1.173 +0. 183a 2.661 +0.268b 2.455 +0.153b

AR FRER R ZE AR B E KT (P <0.05)

H3 4 ATE H, BORTEHL T /K3TR 4. 91m A CAL2H TR K R AL qP BARRE K T HABM AL 1) oP 18 (HELEAR
A b KSR E] gP FFAFEAE 22 5% (P >0.05) Al WAEA[R ML T /K PR R #4% PS 11 sy e i i i
BEIEAHMIE, BEEH R KR 4. 91m 34013 6. 93m A1 8. 44m B, AREAL AT K 28 NPQ WH B34/ (P <
0.05) , 73 BEXIHETIN T 127 % F1109% 5 {HI2 R M T /K3 ZR M 6. 93m N 8. 44m B, NPQ Sl A /0 (H
HREEHBAEM(P>0.05) (F4), 7] WWHEE b N /KSRIRAHEIN NPQ w2 BB 38 , (H 2 RE % T /K3
WRIHE— L3I0 S i NPQ HIRFEAAS
3 Zit5iTie

HIPIFE IEAF BB A A 25 B AR A B 00 ARBIRSE oy FE 3 R /KRR 4. 91m A1 6. 93m Abol A 5 7
EAFER] B R B IR 1E 47 19 PAR AN 5 1600 umol m ™2 s ™", T 4% B G MU Al S 7E 1600 wmol m ™2 s ™' /&
AP TR 1200 YA R A FREIEA R THOGE A . 2T 5088 R I S R RUK R 25 S A R
TREP ARBFSE R Vpdl A 10:00 (1) 2. 4 kPa FGEIEINE] 1200 (1) 3.7 kPa, FF LA 1200 J64 4R AT AR AT
e S AR A KRR 224 ¢, IF H. 1200 LUJS (14 :00—16 ;00 ) 461 F17K 350 22 FR 4k S 38 I A6 £ 8 R il 4k 25
/N (G B PAR BEASRAFAE 1500 wmol m ™2 s ™1 ) #F—2PHIESE TIX— 450 (8 2A,F) . R FHOR (@) AT
DAMER S MO A HUDE S DI RERAEIRDY . ARBFTE R, @ TER R M R /K BRI BT oA 2B A i 75 A 3 3
Hu R KSR 4. 91m SN 8. 44m B SAAGOE AR R , M FOL AR (P, ) BN FUE S X1
IR E R RN KA A LA B P L AR LR KA I AR A 255 T AR S R I oK 43 5 Bk
SEEASE Y, R TPUPT | SRIMTAHF ST 45 30, b5 R /K BR84Sk it R 09 V..., J M TPU
HRBEAT A W AL S A AR M T KR 4. 91—8. 44m FREE T | 845 0T LIRS —E DG-GB T1E 18 55 e
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GG BN WY BRER N (TP) NI R Hh i i o

FEARMRA AT F /F, BIZEACR N AR Z R R A K S i 2, i 21 RIS B B TR 5H—
SERIFSY B BE R B T A AR F/F () IR H Lu R Zhang & 30/N22 78 RE R 5K 4 A
T F/F WAL R, AT & BRES H T KBRS 38, §4% 1 2+ S sa sy, F o/ F
KRR BAAL (F 4) , HEBRIFEE B (6:00 4 0. 85—0.87,12:00 2 08. 1—0. 82) , X 1 B T 5 36 11y
TR S B4 PS 1R EAL 2R A S5 A BIRE IR . SRTT, 243 /KM 4. 91m 4 5]
6.93 1 8. 44m, T WA BRI S B Qe PLELIR/N (P <0.05) (£ 4) X R TE B SBOGE VY A
PSI efbaf A 2%, T qP FEANIR L T /KR T3 2B B (P >0.05) (£ 4), LA Oy BB/
Sl T PS TR O JERIERERARRCR (F,/F ) IR S A . e N /KT 6.93m F1 8. 44m &k NPQ #H
X T H R KRR 4. 91m ALBA W30 (3% 4) , FRIITE ML T /K HEVRERAL 5 A% PS T BV AE AEERICAE J1 4058, nT A7
S5 b G DG REXHE AP B, NPQ TERR ML T /KRR T By 2RI N, 26 81 2 a8 T A4 v] LAGE
T AR 2R K G T ke 1 R ik £ K R R RE B, X AR PR OG A L AL B B T AL, DAARIE ATP Al
NADPH #4575 CO, [RIAL AU/ D AIDGHEE ) 1 N KR A AR AT gP o 7= A W W R i, st et gP X T
a8 AR, W5 T R IR SAAZ AT e PR RS R L AL T . X — S5 RS T R E T /NE W IE 2
FA—F

TR R A EEAR YK SR B T AR AR 2 — , SRAEAE ) L S BSR4 240 A b W SR 43 AR DR TE A B
SINEE ST, T RAK AT LS A A 7K o B SR DL, 1T FH 1 W 4 7K o3 1) =7 SRR JE | JE 2P /K 34mT A ek
Iy TR . TEARSZES R A TE 4.91—8. 44m JEFE N, B2 K S AR AL AN 25 X R WA A I
TR P, 5347 14 K B A B8] 0] A5 B T4 R (SR AE 12.00, 3R KB IE 4. 91m Ab /K 3 XF
6.93m,8. 44m AL HFN I BN, X RUIFE 4. 91m ZbEAM 7K 7375 BRFZEE LE 6. 93m, 8. 44m Ak A AHXF ZE /N5 i
FE 6.93m 1 8. 44m Ab 12,00 MoK 3 S Az W 1 AR Ak, 33U B 3 4 A 0 47 14 7K 43 75 SR B AR IR 1, 3 5 LA
FTABIFIE 45 A — 22 BIFE L /K 4. 91 m AbSIAZAL FH2 K 40 e iR A4S, 7R R /K BEYR 6. 93m A1l
8. 44m AL AYEAR AL T AR (PR ) K IERAS . SR KIEER M 4. 91m BTN F 6. 93m H1 8. 44m, LA
B (10:00) LU MEERDENBE(F, F, LA Oy ETR F1 NPQ) # & A T AR (K 2 Fik 4) i F
JKIETR 6.93m F1 8. 44m LM AL SE (P, g, F1 E) HIMN SR B X NSE(F, F, F/F, F/F, Oy
ETR VhJe NPQ) HIARFAE B 225 (K 2 FIFk 4) o X —Z5 R 5 7EA Rl K BRI EE R B A i) 1 52 Jily
R I, MRIEA T R T KBSm0, 547 26 1 T /K BEYR 4. 91m Ab AT S0 FE 3/ | i
£ 6.93m 1 8. 44m b TR Wia B EE R A, HALF AR R0 T 2 Wi R 24, B DAFE LR 7K 38R 6. 93m F11 8. 44m
WA SR AE I SN 5 RO SHOR KA B 281k

] AR i 5 X A W KRR R 7 ) 40 A AR IR 52 2 B L A% W K AR R 3 L 40 A AE UK S 1) 0—
350cm, FE 1 /711 0—80cm )2, FEARMFE T 3 N F /KRG T, B3 E K E7E 0—80cm 1 JZ R
ANHEE 5% (K1), BAES AR, A HERZ 5 F B /KSR AE T 4 m™ | Br L 3 T
5 b NSRBI T A% R RRE A AR R A L FOK A RR iR LE W AR K, ERE T R ha
(HU R KRR R 4. 91m) Frb B2 1 54 3A (MR /K IEYR A 6.93m F1 8. 44m) T, 844 F /F, (6:00 4 0. 85—
0.87,12:00 24 0.81—0.82) ,¢,qP, V..., J Fl TPU 65 SHCER A K AW WAL (3R 1—384) ,JF HRE
MR KHEZRM 6. 93m HEINE] 8. 44m , LR R & & A BT N (2SI H BB Rr — 2 L& 3% X ik
B ST %) ol 2 B SRR A S A% R TS 32 8 0, 9 ELEAAGAE B T R e OB MU IR A &2 81840, [FIRT it
B R 6 1 T /K HEYR 8. 44m Ab ARG A BB T AN S 32 B AT 306 5 1 45 5, EE AN BE A8 &b st 1 7K il 1l
TAKHRAS R AT A AR IR R B IR H K, SRR R /K HEE 9. 46—10. 16m b4 45l 52 2 ™ = i+
L, I HATFH R g W, AR AEARAS | BT LA B AT i S it 17 B A A K, AR b e T Kk
Fr—E W KRR, Xt BT R e AR AR L AR S L,
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