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Abstract; The accumulation of dry matter in plants depends on the canopy photosynthetic rate, which is closely related to
single leal photosynthetic capability. Leaf photosynthesis is also highly correlated with its water content. Compared to soil
water content, leaf water content can directly reflect crop growth and development and might be the best index for showing
the degree of water profit and loss. Leaf water content and photosynthesis at different positions have been investigated in a

number of studies. However, there have been fewer reports on the change in leaf water content (LWC) at different positions
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and its relationship with photosynthesis under consecutive drought stress. In this study, six different watering treatments
were designed to simulate the response of leaf characteristics at the different leaf positions of summer maize “Zhengdan 958”
that had been subjected to persistent drought. The simulated experiment was conducted in Baoding City, Hebei Province,
northern China. After analyzing the change in leaf water content (LWC) at different positions and its relationship with net
photosynthesis, the results indicated that the change in leaf position in summer maize can influence the falling rate for leaf
water during consecutive drought periods and the estimated maximum leaf water content. The falling rate for leaf water and
the estimated maximum leaf water content in Leaf 1 were more than in Leaf 3 and Leaf 5. When leaf photosynthesis ( Pn)
fell to zero (the lowest leaf water content that can maintain net photosynthesis) , the leaf water contents of Leaf 1, Leaf 3,
and Leaf 5 increased as the leaf position increased. This indicated that the photosynthesis response to leaf water content was
different at each position. The leaf water content of Leaf 1 had strong relationships with soil water content and
photosynthesis. The minimum leaf water content that could maintain net photosynthesis in Leaf 1 was lower than all the other
leaf positions, which meant Leaf 1 had better drought tolerance. This suggests that the use of Leaf 1 in drought monitoring
could be developed further in the future. These results will contribute to the accurate simulation of canopy photosynthesis

and to the development and monitoring of drought in summer maize.

Key Words: summer maize; different leaf position; net photosynthetic rate; leaf water content
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Table 1 Irrigation amount of six soil watering treatments in the experiment

Kb P Treatments W1 w2 w3 w4 w5 w6
i 7 H Rk E 53 L
Percentage of precipitation in July /%

Y Trrigation/mm 10 30 60 90 120 150

7 20 40 60 80 100

1.2 WENES T
121 +HEESKE
KRR E i 445 5) 0—10,10—20 ,20—30 ,30—40 .40—50 ecm +3ErZHES/KE 0, H+
S i /K R DA ) /K B 46 50 A AR R RSWC( %)
=W,

0, = x 100%
14

m
2

0
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0f

X, 0, A HIEE R EKE (g/g) s W, IR LT (g), W, AT LT (g); 0, N EESKE(g/g), 0, HH
K (g/g) o
1.2.2 M EELAHE

H 3£ LI—COR 22 A A 1Y Li—6400 AVEHEZOLE RGEHr AGNE M i dot A R, RHOKROGE
AR S R RO BRI AR S Y R R ORIR S — 1 E R 1500 pmol m s SR HE
M2 W E 300 wmol/s , EFEMG IR 9:00—12:00 HEATILIN . A/ INX R 1 bk F KRR VERLRE
T2 AEAR TSI A B 85— ( Leaf 1) (%8 = (Leaf 3) FI%E TL A (Leaf 5) BITF M EFBALE MEOLAHEE P,
(pmol m™s™")
1.2.3 R EKE
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Table 2 Observation time and growing stage

ORI i ] AHW AbFEERs A/ d SR i) H=H AbFRET A/ d

Observation time Growing stage Processing time Observation time Growing stage Processing time
2014-07-11 =t 10 2014-08-07 B 37
2014-07-18 I — B 17 2014-08-20 PR e 50
2014-07-31 LR 30

14 MR EoRE KR

I R 7K a5 - AR X 1956 2 R FH K G 5 B2 (Mlichaelis Menten Equation) P 4814, AU, I 3158
- fie R 7K

y=ax/(b+x)

by Mt Sk e« N HIERXHREE Ja b L, SR Lineweaver-Burk XUBIBGEER  1/y= (b+x) /ax=
bea/lx+1/a, i Y=1/y, X=1/x, M Y=b/a « X+1/a B REM IR SREE T XHE R 1009% 8] 5t &
K
1.5 Hdlnsab e

IR FH Microsoft Excel 2013 AR | SF-BE AR MEREKR . IFHH SigmaPlot 10.0 F #4714k
WA I8, IBM SPSS HAg A S, FEAS ¢ A S0 FI R IR 2R U7 22 70 M W Y Duncan 22 8 PO 5 6 04T 67 18] S
A AL 3R] Y 25 S PRSI

2 HR545%H

2.1 R[EIAI KA TR R A R R R AR A
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SR PRI A AR AR B E 25 . BEE BHEHERS , i T R 328k VEWZE IS DL AE K AR, 45 A BRI 1 45 A1
XoP B A S U/ R A VAR TR T A A O BT R R AR, A R R IR B AR, H W1—W6 Kb B
T OAHRIR T R R R kA Ko W an AR R R R R )

BT, ARIALH S K B T BRI A 2 5, Leaf 1 5 Leaf 5 9 F M FIE = T Leaf 3(#£ 3),
Leaf 1 7E7K4340FE 10 d J& , &40 BEZ B RSk 5 BB R (R 4) s 7K b B E 10—17 d(F 1a),
B Op &y 7 SEL VAT E - SO i1 W aew Ol W57 R <y N s L L WA I == 2 L oy & =l
MR ZE KR Z 1) WA—We ZBRIA) TG 3% 22 5 . HEOKALFE 50 d J5, W2—We BRIt i S K AR, 5
W1 FRAEE B2 (F 4) . 7 H 18 HIFLAY Leaf 3 B9NEIN (& 1b) /K M0 FE W1—W3 (0t H 5K &
KA E Wa—We [y &k a2 5 R, #EOKAETE 30 d 5, W1 iyt & KE S W2—We i
KIEZEFHE (R S) , KA 30 d J5HFER, B W1 ARBE R B9 & K R AN B A1, HAb AR P Leaf 3 Y
M S K TR RN W1 AR 2 4b T FRRES . HEKALEE 50 d J5 , W2—W6 Kb PR Leaf 3 AYRT:
AEKESWI 2REES. 8 A7 H(HEKMIEG 37 d) JFA Leaf 5 BN, M- H & K B AEHEK G 37—50 d
FPT B BT 5 R A R R A AL IR K o 22 Sl (Bl 1,36 6)

2.2 AREMAI R EKE2E

B2 4 TN B &K, 7 A 18 HA17 A 31 H Leaf 1 Fl Leaf 3 Z [0 & 7K 5t 14 22 5Pk F 4t

SEAEA L KB 00,8 H 7 HAT8 H 20 H Leaf 1 Leaf 3 F Leaf 5 M- A& /K i 22 e FHBA D R0 Hr b iy
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1 EEX Leaf 1,Leaf 3, Leaf 5 & 7/k8 (a.b.c) FIHEEIEE (d) 3BT
Fig.1 Dynamics of leaf water content of Leaf 1 Leaf 3 and Leaf 5(a, b, ¢) and relative soil water content(d)

72 FE R TR 45 B 28— (Leaf 1) 28 = (Leaf 3) FISS FL A (Leaf 5) it

X3 EEK Leaf 1 Leaf 3 Leaf 5 Mt F &/KkERN TEEZXR
Table 3 Falling rates of leaf water content of Leaf 1,Leaf 3 and Leaf 5

Ak 7 LWC(Leaf 1) FFE#EAR/ (%/d) LWC(Leaf 3) FRE#EA/ (%/d) LWC(Leaf 5) FHEEAR/ (%/d)
Treatments Falling rate of Leaf 1 Falling rate of Leaf 3 Falling rate of Leaf 5

W1 0.233 0.164 —

w2 0.255 0.081 0.267

w3 0.298 0.146 —

w4 0.321 0.170 0.14

W5 0.311 0.203 0.270

W6 0.339 0.209 0.317

2 AR I AR B 55— (Leaf 1) (% = (Leaf 3) S LA (Leaf 5) M LWC /R Leaf Water Content, M55 7K

F4 FABETETRHIEK Leaf 1 HIH K SKE( %)

Table 4 Leaf water content of Leaf 1 in different consecutive drought treatments

Ab 3 Treatments 2014-07-11 2014-07-18 2014-07-31 2014-08-07 2014-08-20
W1 78.70+1.09d 73.10+0.25¢ 72.63+0.26¢ 71.06+3.25¢ 69.40+0.59b
w2 81.79+0.45¢ 75.76+0.54b 74.55+1.34bc 72.36+0.45bc 71.60+0.97a
W3 83.71+0.59b 75.68+0.40b 73.88+0.37b 71.85+bc0.83abc 71.78+0.04a
W4 84.09+0.39ab 77.44+0.91a 76.42+1.33a 72.91+1.09abe 71.24+1.26a
W5 84.19+0.47ab 78.33+0.68a 77.13+0.71a 74.26+1.09ab 71.73+1.06a
Weé 85.05+0.53a 78.61+0.22aa 78.12+0.19a 75.06+0.54a 71.50+0.56a

http ; //www.ecologica.cn



6 S % 39 &

x5 FREFETELEMHEEK Leaf 3 I FEKE( %)

Table 5 Leaf water content of Leaf 3 in different consecutive drought treatments

Qb3 Treatments 2014-07-18 2014-07-31 2014-08-07 2014-08-20
W1 73.95+0.47b 72.06+0.51b 72.30+0.51d 68.53+1.03b
w2 75.56+0.51b 75.21+0.00ab 72.73£0.12cd 72.89+0.97a
w3 76.51+0.39b 76.69+3.59a 73.19+1.15¢d 71.70+0.04a
w4 77.37+0.31a 77.10+0.44a 73.87+1.09bc 71.74£0.08a
W5 78.35+0.65a 77.84+1.38a 74.97+1.09ab 71.65+0.98a
w6 78.71+0.47a 78.92+0.85a 76.23+0.54a 71.83+0.56a

F6 AEFHLETELEMEEKR Leaf 5 I RKE( %)

Table 6 Leaf water content of Leaf 5 in different consecutive drought treatments

Kb Treatments 2014-08-07 2014-08-20 AbHH Treatments 2014-08-07 2014-08-20
w2 75.10+0.00¢ 71.63+1.39h W5 75.93+.0.93b 72.42+0.28ab
W4 74.64+0.18¢ 72.82+0.51a W6 76.94+0.69a 72.81+0.56a

FHHLNZR Duncan 25 L85 620 B b BR8] 22 54 [R5 CHR JO A [R) F-RE R 7E 0.05 KF 225 B35

Duncan Z 1 W 7500, 7ESEHFR X F,7 A 18 H (BIEKALRE 17 dJ5) 7 A 31 H (HEI#EK AL 30 d
J&i ) Leaf 1 I Leaf 3 (N 7 &/KEZESF AR E, WEKSW AW EHER,8 A 7 HIFIHA Leaf 5 BULN
Leaf 1 Leaf 3 Fll Leaf 5 B S/KEIF G HBL R E 2R, BR W3 4b, W2 W4 W5 W6 ZbF Leaf 5 UM F 25
KR, X SR A 5 AL R R O FOR A S A, T B AR 2 K T A ER. 8 A 20
H ( RIVE/K AN 50 d J5) , K5 Wi B ™ 3, 4 A v 5 1) K e BRI, o7 ) 25 S e R B 3 & b B
() Py 22 SR AN 0 2 AR 75, B ORI B K St B AL ) AR AL R AS 2 — OB 1Y, 5 BRI AR AR
Y | K AR LA B A B S RE S R R A
2.3 AFEMA FK S5 R HK R

B3 45 T 5 B RAR A 5 7K e B - ARG B2 B A8 Ak, I R 7K o i SR X 18 1 34 o 2
BRI B 3R B ARG FEAS R RE AN | BEET A it K a S i R B KK RE 1 S A A4 BERE A
RS EBR (] 3a 3¢ 3e) . MWRIEKIC A, H Lineweaver—Burk XUEIEOEAEE LG, B &M A &K
i (K 3b.3d.3f) , # 7 MG R B iR &K E

R7 AEAMAEMHEEKE (y) SLEEMNEE (x) WEEAFRURERTF&KE
Table 7 Fitting equations of LWC(y) and SWC(x) and the estimated maximum LWC in different leaf positions

DA A ® R R K %
Leaf position Fitting equation Estimated maximum LWC
H— R i Leaf 1 1/y = 0.1545/x + 1.0213 0.8196 = ** 85.06
=M Leaf 3 1/y = 0.1237/x + 1.0891 0.7457 = ** 82.59
S Leaf 5 1/y = 0.1258/x + 1.0699 0.7725** 83.63

ook ok JPIFRR BT EESE B9 (019 AR AL T 0.005.,0.01,0.05 K- Y R 5

H & 3 A[ &, Leaf 1 Leaf 3 Leaf 5 M- A 57K &5 - SEAHXR B 2 [R5 0] K Q5 R4S o ASTRI 052 )
R R KB —EMZER, Leaf 1 M KM i &/KE i, 4 85.06% ; Leaf 5 FYIRZ, N 83.63% ; Leaf 3
BRI Fr & K B A, N 82.59% (26 7). [AI A, Leaf 1 A4 F 5 7K 2 15 98 AH X 10 B B9 AH 6 1 (R? =
0.8196) B i = T Leaf 3(R*=0.7457) 5 Leaf 5(R*=0.7725) , Mt T Leaf 3 Fil Leaf 5, Leaf 1 FIF 7 K &5
T REAR K 73 25 A 28 Ak, BAEAR AR BE A , it o I A A SR A A A 2 R s ), et oK A8 e 5 +
FeAK o AR AR AR DG NI
2.4 KRR EKE SR AERRER

- K AR I A RS R E , 7 A 31 H 8 A 7 BN AYAS [F] 2 i 5 7K AR
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Fig.2 LWC of Leaf 1,Leaf 3 and Leaf 5 at different observation times
BEMKTR 0.05

b Rgota R 2 AR RO R | BB S K B3 I, i R v A 2R B S s ek b A3
L (B 4) I R (R 8—9) o JFH., BREL AR AR IS, YA s R R, A AR B Sl
{28 H 20 HY Leaf 1 Fl Leaf 3 ( MR EA MM Leaf 5 I A A, BOEA Leal 5 94387 1IN | Sk & 560t
G HCRIFEA B A ) R 2O R BGR A Zet: , UL B 17K 2 WE SR B K SR A R
K F et K E AR T 72% 245 (£ 10)

£8 7R3 BUMBMARMAIM FELEER(y) EHHASKE (x) FBIEHTE
Table 8 Fitting equations of P, (y) and LWC(x) at different leaf positions on 31 July

47 Ay i P, REE R R E KR %
R?
Leaf position Fitting equation LWC when P, reduces to zero
55— Leaf 1 y = —0.3888x7+ 61.272x — 2385.6 0.9424* 70.10
%5 = F 0 Leaf 3 y = 1.3929x>+ 216.13.x — 8365.8 0.8476 " 73.97
x9 8 A7 HUMBWARMAMFELEEE(y) EHFEKE (x) HBEIEHTE
Table 9 Fitting equations of P, (y) and LWC(x) at different leaf positions on 7 August
iz Ay i 2 P, REET R R E KR %
Leaf position Fitting equation LWC when P, reduces to zero
%— A I Leaf 1 y = —0.9183x%+ 137.03x — 5093.9 0.9379 " 70.18
45— F it Leaf 3 y = —0.7295x>+ 110.49x — 4168.4 0.9935" 71.15
H— A0 Leaf 5 y = —3.5927x%+ 544.77x — 2063.7 0.632 73.83

i A S K SO HRE LS T R Leaf 1 Leaf 3 Leaf 5 M EOGE #UR N Z A G FL it A
FKE(F8—10), 7 H 31 H Leaf 1 Leaf 3 B F A # R N E B IR A0 B & 7K & 453518 70.10% |
73.97% ;8 H 7 H Leaf 1 Leaf 3 Leaf 5 M F 64 3R N F ) IG F ok & 7k &40 518 70.18% . 71.15% .
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w70 Ropind

Relative soil water content/%

1/ 1SR X
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B3 #ZAXIEHAE Leaf 1,Leaf 3 Leaf 5 It F & /K25 T1EHEEEA X R K Lineweaver—Burk W EH1EE %

Fig.3 The relationship between leaf water content of Leaf 1 ,Leaf 3 and Leaf 5 and relative soil water content and the double reciprocal

Lineweaver—Burk plot

throughout the trial period

73.83% ., 8 H 20 H i T K 5FAFG, i Rt AR 50 7 & /K& RBA I B B R O 2%
Ke o, BEEF I S K AR T 72% , BERKRE | AR R A B I S 7 3 K AT A M Leaf 1
B leaf 5 4N A

F10 8 A20 BUMBWARRMMMFEEEER(y) EHFEKE (x) WBIEFE
Table 10 Fitting equations of P, (y) and LWC(x) at different leaf positions on 20 August

i A IR e P, NI R K %

Leaf position Fitting equation LWC when P, reduces to zero
Hi— A Leaf 1 y = 12.606x — 899.63 0.3283 71.37
% — A Leaf 3 y = 1.5055x — 102.56 0.1748 68.12

w oo ko ox SRR BT AL 1Y ENE BRI AL T 0.005.,0.01,0.05 K- i PR 5

http ; //www.ecologica.cn



134 SV 9 I 5P Sl o 50 m el O N T I VAL W ey S o s L 8 RSB e N (L D P ) 9

w
v

[ 2014-07-31

NoWw
w (=}
T

T(Il
=
)
el
%=
)
-
REQS)
2 10
el
% 51 e Leafl
- o Leaf3
o
z 0 . .

72 74 76 18 80 82 84

3
S

25

v;’ 2014-08-07 20 | 2014-08-20
< 20t
g °
832 ° 15
4@% 15 F D
& E e
RE 1o 10
fal I
% 5L o Leafl 5 F P oo
= o Leaf3 o e Leafl
5 v Leaf 5 o Leaf3
Z 0 I I I I 1 0 I 1 I I 1 1
70 72 74 76 78 80 70 71 72 73 74 75 76

- &Kk & Leaf water content/%

4 BUMEHT Leaf 1,Leaf 3 Leaf 5 H &t S EREMHFRKENXER
Fig.4 The relationship between P, and LWC of Leaf 1,Leaf 3 ,Leaf 5 at different observation times

3 e

ABEFEH IR AL S K e R T R R e et o2 B 2 5 B TR RSk
JE AR L 2Z B B i K B S AR A SRk B A A s e, AR
W, KRS AN TR 57 5 74 i 52 B K e 3 s S8 U3 5 7 i 22 B — I <5 v <2 M <SR DU B
i) AR ARG | SESROUIR [ K 3 Ak B R] B K AR A L B 22 5 00 A RS R T, AN TR I S 3 A ] o
NI S K SRR A RN — B X AT RE K M3 R ORI RL 1 s 28 A 0. AR g
ST KA A AR B AT R W AN RIS KR T B RO AN R Y, TR R A
FE KA B 22 57, ELBOA BEMO7 2 AL PEAR A, 58 — gy, 509 ToME w750 =it IR S S — e %
AR A 58 B — I AR IR R, 75 ZEAT A K o3, A7 T o, BRUET ) I A A A 5 i @B kT il
FEATRAL, AFES A bl SR — I B B 1 BB I i 4 I A7 5 2 (K 48, SR A R R i
KRR T =,

YRRk 3 N 32 RSS2 065 A T B0 A ALY 2 I T ROV RS 2006 1 R 66, H A
EAWZRTEZCE BB BT, E26E TR EEEN RO & TR A R AL, K280
JEIC AR AR 56 )2 N B B P I I 22 S A Oy 5 B e 2 P G 4 A 11 28 S i i 2T i i
ot IRAF—E N KA R A AL AR R0 — 2, AR fEBE SRR O T AR Al — K
b NI AL D EPE t e e SO ST S NN i L Aty i U RIIU [  R B7 A R DR G R 1 e o S 1 o
KRR SRR AR Rt 5 2w it 5 K AN 8], BTN [R) A2 v A BEBEA T 057 ) SRR
AR FRORARFR . CABRSRRMT, AKRRAE 5 A5 8 (9 4 18 5 46 UE B AT 589325 JE (L SR W) AR B 52
Wil , EHA AR AN S E 2 A E 225 AR GRA R R BT, 545 0 e 5
R A IRE MDA AR, E—E T HOK MR, 50— M6 G RS 55 =i > 5 T, Ui 4% -7 v
ML ERESIA 2250, R 30 1 RIS R AEIRASHY TR 1 D2~ S A PR P A I 7 18] HH B 22 55, Sl A

http ; //www.ecologica.cn



10 A E = 39 %

TR LG RE T S BELE SEAR A Rk 23 25 F R EAT OB AE T B — ML G S B 5 7K <5
< L1020, 30-40)

AT LA FRAARR TR R — = TS, 08 1 = FOKAN R - i R 7K i A8 e e 5 S AR
AISCER AR N B 22 7 ) I R A T ORI -0 B, DUSSRRE 07 5 0 o0t B Aok 2 R IR Z Tl e Ak, ¢
FIEZCEVEIRRR , HR ) — LK T AR R 4 i K SR AR R] , 25 R BIr AR O 5 R 2
ANTRY, A RSB 25 A2 5 R AT RER Y LS KRS L, VR & BERE I , S S AR RO S A
ALK

4 %t

AR B K = 6 AR K RESE T R BHORLS , /00 T 82 B oK — | = A i 7K A8 e J
580Kt R dot G BB R, 450K,

(1) B AR AL AR X i S K SRR T 5 R AR AR v R d R B K i LR o & o
FE K A3 T BRER = AR R, AL A 5 K e B K SRR TR R (R B DR AN A
K, A — M 55 I S K ) R SR R T = SR L i BT REREA R R R S K A T
S — = MR 85.14% .82.40% (83.63%

(2) B B RAF AL B 5oa A R o Zm B R K B 3G i K, B — = B R A

KRR I oA R S T AOC R AR S KR T 72% 2 A I G A AR E 2, U
LKA,

(3) it KBS LUK Z AR AR e B 25, B S ¥0t& BUR R S E AR i |, BEHEA T
B RN K3 BRU AR/ 2B AR R, AR AT T R ORER — A T SR I R A

B RO | S R RS A R AR AR IR | KBS AR i O b SRR S i R P A
TSRS,

22 3R ( References)

[ 1] fr&ye 3EFRMIED S CRDITE[ D], JLat: PESZPE0ERE, 2012.

(2] fAmE, MM, TR, RS, B, B F KX 3K o 45 e 2 1w B 8 H e 47 ni B 20 . 2R3 ~# 4, 2018, 38(8):
2896-2905.

[3] FREH. ZEKRTREARRSRLERIE[D]. Jbat: hEIZRA5EE, 2017.

[4] TRF, JT M, BREHE. B FOKM SR B EFRPEXT AN ] 38 BE R T R ma . A= 352 4%, 2015, 34(11) : 3111-3117.

[ 5] Lobell D B, Roberts M J, Schlenker W, Braun N, Little B B, Rejesus R M, Hammer G L. Greater sensitivity to drought accompanies maize yield
increase in the U.S. Midwest. Science, 2014, 344(6183) : 516-519.

[ 6] Avramova V, AbdElgawad H, Zhang Z F, Fotschki B, Casadevall R, Vergauwen L, Knapen D, Taleisnik E, Guisez Y, Asard H, Beemster G T
S. Drought induces distinct growth response, protection, and recovery mechanisms in the maize leaf growth zone. Plant Physiology, 2015, 169(2) .
1382-1396.

[7] XaZZ,ZhouGS, Wang Y L, Han G X, Li Y J. Changes in chlorophyll fluorescence in maize plants with imposed rapid dehydration at different
leaf ages. Journal of Plant Growth Regulation, 2008, 27(1) . 83-92.

[ 8] WIER. Adb&/NE-HE KA TRREREIFAED]. Jbat: PELLAARE, 2013.

[9] MyersS S, Smith M R, Guth S, Golden C D, Vaitla B, Mueller N D, Dangour A D, Huybers P. Climate change and global food systems:.
potential impacts on food security and undernutrition. Annual Review of Public Health, 2017, 38. 259-277.

[10] Wang L Y, Yuan X, Xie Z H, Wu P L, Li Y H. Increasing flash droughts over China during the recent global warming hiatus. Scientific Reports,
2016, 6 30571.

[11] Rurinda J, Mapfumo P, van Wijk M T, Mtambanengwe F, Rufino M C, Chikowo R, Giller K E. Comparative assessment of maize, finger millet

and sorghum for household food security in the face of increasing climatic risk. European Journal of Agronomy, 2014, 55 29-41.

http ; //www.ecologica.cn



14 SV 9 I 5P Sl o 50 m el O N T I VAL W ey S o s L 8 RSB e N (L D P ) 11

[12] Stocker T F, Qin D, Plattner G K, Tignor M M B, Allen S K, Boschung J, Nauels A, Xia Y, Bex V, Midgley P M. Climate Change 2013 The
Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge, United Kingdom: Cambridge University Press, 2013.

[13] Mttty Va7, 3R/, 253505 WA R . Jbat. S0 R, 2010: 9-9.

[14] T, 2355, 2509, PR, SBHbAR. 6T SLMa xR RE I ROt & Bk S ARG 52 . o EDKRERLS, 2014, 28(1) : 65-70.

[15] Shen X F, Dong Z X, Chen Y. Drought and UV-B radiation effect on photosynthesis and antioxidant parameters in soybean and maize. Acta
Physiologiae Plantarum, 2015, 37(2) : 25.

[16] Tf2fk, BEIL, BT, PPhede, 2. LHORDX/NE IR &K SAEBIDIRER RN, ZAAEY ik, 2001, 21(4) : 42-47.

[17] 425484, RREM AT LK XN 3 Kt fs . BRERSE, 2016, (3): 185-185.

(18]  whOGH], BXWINE, s, WARKE, BRI, AW (KRS 22BN RIM-A i i Bt 6 -5 R IOERE. TRk K284, 2014, 45
(1): 1-5.

[19] ®%, FEMRT, 2, REM, 0, 2%, BT RXFRARMADCEFESE. FHLLFRE, 2014, 39(2) : 1-4, 17-17.

[20] Z=3%, AROEHFE, VFRUK, B, R0, 2ORE, TFE, MBS, MR C/EMA IR MO0 & S M-S R POERE LR P E AR R
7, 2012, 17(3) : 34-42.

[21] ¥, P, AR, 2R, I, BRE. RINBAE A6 A 3% KO 4 R IO S BURHE. fmasol B4, 2016, 43(2) .
77-79, 116-116.

[22] Hgaza V K, Diby L N, Aké S, Frossard E. Leaf growth and photosynthetic capacity as affected by leaf position, plant nutritional status and growth
stage in Dioscorea alata L. Journal of Animal & Plant Sciences, 2009, 5(2) . 483-493.

[23] iEYL4, SEFE. B SR AR IRB s E ORI ST 8R4, Jbat. KL M, 2015,

[24] XUMHSE, B4, BOEEE, @IV, R0, XA, B IR B AR 5 A P IR SR MR, 2B, 2006, 26(4) . 288-292.
[25] "PHESRGR. L EWMHE. L. PESE MR, 1993.

[26] Efi#, REHE, K EWHERER. L. REHHE 1R, 2008; 152-154.

[27] SRR, JAJME. H KM KA 500 A VR IR LKA DGR AR5k, 2018, 38(1) : 177-185.

(28] BATRHR, skiE9, ZEhisE, ZERUE, SR, SRR, SRR, N, WREA, B 6. B R FORM R B 5T M R A3 1) 43 A S AR AR

. EYEFRS IR, 2003, 9(1) : 81-86.
[29] JAWH, WiEG2, #igaR, TR w2 RER S TR E MR SRR PR RV /YR, 2005, (5): 13-15.
[30] MK, BIE, TA4%, K. AFEK CESMETKRREAR KRS RO E R E R /Y, 2004, 30(11);

1129-1134.
[31] WIS, miEns, ot SEZE, KRS, BbE, TIE 3R 2 SRR A AR A &K aIE. L&, 2016, 37(2)
11-13, 26-26.

[32] Araujo W L, Dias P C, Moraes G A B K, Celin E F, Cunha R L,. Barros R S, DaMatta F M. Limitations to photosynthesis in coffee leaves from
different canopy positions. Plant Physiology and Biochemistry, 2008, 46(10) ; 884-890.

[33] Zheng Y, Zhao Z, Zhou J J, Zhou A H. Evaluations of different leaf and canopy photosynthesis models: a case study with black locust ( Robinia
pseudoacacia) plantations on a Loess Plateau. Pakistan Journal of Botany, 2012, 44(2) : 531-539.

[34] ZEMAL, XUEHR, A%, XISCR, M, BEW. & CO,H T 120 A 1E M T AR 70 K H G S 2 O SR o . B2,
2008, 28(4) ; 370-376.

[35] ARZLE, JAI M, VFREE. Jb EKEEOU A BOR ST IR B4 Ko H 7401, KR SR, 2008, 24(1) : 22-26.

[36] Wang Y, Song Q F, Jaiswal D, de Souze A P, Long S P, Zhu X G. Development of a three-dimensional ray-tracing model of sugarcane canopy
photosynthesis and its application in assessing impacts of varied row spacing. BioEnergy Research, 2017, 10(3) ; 626-634.

[37] Wu A, Doherty A, Farquhar G D, Hammer G L. Simulating daily field crop canopy photosynthesis: an integrated software package. Functional
Plant Biology, 2017, 45(3) : 362-377.

[38] kb, XEE, Vi, SR DK, BRAE. B KA R R 2 R (MK BRAN A L. Bh2AE iR, 2013, 58(12) : 1121-1130.

[39] KEE, KL%, BEEIR, R, B, RAERR, VR, Sl FORGHOR MO AL G M St ¢ 38 & o ROl RHE 2011,
40(2) : 33-35.

[40] Chen Y B, Wang D, Ge X L, Zhao B G, Wang X C, Wang B C. Comparative proteomics of leaves found at different stem positions of maize
seedlings. Journal of Plant Physiology, 2016, 198 116-128.

http ; //www.ecologica.cn



