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Relationship between flag leaves photosynthesis and yield, water use
efficiency of eight wheat varieties under deficit irrigation
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(1. College of Water Sciences, Betjing Normal University, Beijing 100875, China;
2. Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology, Betjing 100875, China;
3. Hebei Yingbo Seeds Technology Company Limited, Xingtai, Hebei 055550, China)

Abstract; Investgating photosynthetic characteristics of flag leaves for different wheat varieties and the rela-
tionship between them and yield under deficit irrigation is greatly important for exploring the drought-resistant and
water-saving mechanism of wheat and ensuring the stable high yield production. Eight wheat varieties wildly planted
in Hebei Province were selected in this study. The parameters of gas exchange and chlorophyll fluorescence of flag
leaf at stages of heading, filling, and milky-ripe under deficit irrigation were measured, and the relationship be-
tween these photosynthetic parameters and grain yield and water use efficiency were analyzed. The results showed
that the net photosynthetic rate (Pn) , transpiration rate ( Tr) , and stomatal conductance ( Gs) of the 8 wheat vari-
eties were the largest at heading stage, followed by filling stage and milky-ripe stage. Water use efficiency at leave
level (LWUE) varied greatly with the 8 wheat varieties at heading stage, with a range of 3.7~7.9 wmol - mol™",
however, it varied slightly at filling stage, which was between 5.1~7.3 wmol + mol™'. Among the 8 varieties, the
LWUE of Yingbo 700 and Hannong 1412 were 1~2 pwmol - mol ~' higher than that of other varieties at milky-ripe

stage. The actual photochemical efficiency @PSII and photochemical quenching coefficient gP of the 8 wheat varieties
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were also the largest at heading stage, followed by filling stage and milky-ripe stage. The maximum photochemical ef-

ficiency (F,/F,) at heading and filling stages was higher than 0.80, however at the milky-ripe stage, it decreased to

0.60~0.80. Generally, the grain yield of the 8 wheat varieties was positively correlated with their corresponding Pn

Tr, and Gs at filling stage, the correlation coefficients were approximately 0.80, indicating that the higher Pn, Tr,

and Gs could be the optimal indexes for high yield. Among the 8 wheat varieties, the grain yield of Lunxuan 103,

Yingbo 700, and Shimai 26 were higher than 7 500 kg - hm™, and their grain water use efficiency were approximately

2 kg + m™. Fully considering the performances of photosynthetic characteristics, grain yield and water use efficiency, the

wheat varieties of Lunxuan 103, Yingbo 700, and Shimai 26 were recommended for Hebei region under deficit irrigation.

Keywords: deficit irrigation; wheat; flag leaf; photosynthetic characteristics; fluorescence parameters; grain

yield; water use efficiency
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Table 1 The basic information of tested wheat varieties
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Growth characteristics

Suitable planting area in Hebei Province

fn A WHHED TR
Variety Breeding year Varietal characteristic
2] 2
1k 103 T,
2010 Winterness ,
Lunxuan 103 . .
mid-maturation
M A2 =4
Fi4 086 AL,
Shi . 086 2009 Semiwinterness ,
ong mid-maturation
o A I
AR 399 2007 Sj:ni\wirﬁélfei;
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— S
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tngmat 0. mid-maturation
N =4
2 700 ‘4: < fft rhik
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2 & 2
1R 1412 FEE,
2011 Semiwinterness ,
Hannong 1412 . .
mid-maturation
B 26 S
Sh'r ai 26 2010 Semiwinterness ,
tmat mid-maturation
. AL Thak
i 22 99 2011 Semiwinterness ,

Zhongxinmai 99

mid-maturation
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Strong tillering ability,
more ears per unit area
A VILIE YL E A
Medium tillering ability,
more ears per unit area
YRR IR Z
Strong tillering ability,
more ears per unit area
VLY e
Medium tillering ability,
more ears per unit area
SYBESIB AR %
Strong tillering ability,
more ears per unit area
SrEEIROR R L
Strong tillering ability,
more ears per unit area
IYBESI B R %
Strong tillering ability,
more ears per unit area

IYBESI B AR %
Strong tillering ability,
more ears per unit area

WAL g P AEERACZE X R K I
Moderate and high water and fertile plots in central
and Southern, central and Northern Hebei Province
LA g | P bR A 2 DX P R K AL B

Moderate and high water and fertile plots in central
and Southern, central and Northern Hebei Province
LA R A 22 X s K A S B

Moderate and high water and fertile plots in central
and Southern Hebei Province

LA R AR 22 X s K I B

Moderte and high water and fertile plots in central and
Southern Hebei Province

LA R | PR A 22 IX A KL s bR

Moderate and high water and fertile plots in central
and Southern, central and Northern Hebei Province
LA g LA X b K

Moderate and high water and fertile plots in central
and Southern, central and Northern Hebei Province
A TR TR M T R AR S Rt X

The Southern part of Baoding and Cangzhou in Hebei
Province and its southern part

TILA PRAE T R IR M 7 1 988 B HG LR 3 X, 9
A R A 22 X R K IS B

The Southern part of Baoding and Cangzhou in Hebei
Province and its Southern part, moderate and high
water and fertile plots in central and Southern
Hebei Province
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Fi 4 Volumetric soil moisture content distribution in the 8 wheat varieties cultivated plots under deficit irrigation
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Fig.2 Gas exchange parameters of flag leaves for the eight wheat varieties under deficit irrigation
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Fig.3  Chlorophyll fluorescence parameters of flag leaves for the 8 wheat varieties under deficit irrigation
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Table 2 Grain yield fators and water use efficiency for the 8 wheat varieties under deficit irrigation

o FehE T TR £ AR TEYIHEK = KR HBCR
Vl;nriet Grain yield 1000-grain Grains Spike Crop water Water use efficiency
¥ / (kg * hm™?) weight/g per spike weight/g consumption/mm / (kg - m™ )
#1% 103 Lunxuan 103 7639a 35.8d 35.4ab 1.25be 403 1.90
£14¢ 086 Shinong 086 6698b 37.8be 32.3ab 1.19¢ 408 1.64
4K 399 Nongda 399 6534bc 32.7e 38.8a 1.30ab 362 1.80
84 7 5 Xingmai No.7 6874b 38.1bc 33.0ab 1.24bc 376 1.82
L34 700 Yingbo 700 7657a 41.0a 32.3ab 1.32a 383 2.00
4% 1412 Hannong 1412 6126¢d 36.8cd 30.3b 1.06d 393 1.56
{17 26 Shimai 26 7820a 39.6ab 34.4ab 1.25abe 381 2.05
{5 99 Zhongxinmai 99 5918d 38.9b 27.4b 1.22¢ 399 1.48

TE : [RIFAS [ 5B 2R AN [a] it i ) 22 5 2. 35 (P<0.05) , T IR

Note: Different letter within same column means significant differences among different wheat varieties ( P<0.05) , the same below.
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REEOR B FE A R (R RLE ARG, AR 1412 1
HifE 22 99 = 3IK, 7F 6 000 kg « hm > 2247, /K41
FIFHZCRAELS kg m™ Ze4y  FEZKERTE 395 mm 2247,
X 2 AR TR R AR PR AR
25 ExRHSEBTHIXINZRMTESAESH
PR /N 22 i B ) 7 R 2R 5 O [ B o
ASEIICREON R 3, 3R 3 A, 8 /N i
AP = SR Pn Tr R Gs ¥R P TE ARG
KRB A 0.81.,0.77F10.80, 1% W 7= /N A
AR TEE SN A S 1 P RS KB Tr RN Gs,, 8
AN/NZE SRR RERL AL S AR P Tr T Gs 22
FHEIEAR DG R B0 90.75.0.75 F10.77 53X 3
HIRERECZ B /N2 AN FE AR B B 3R 19 P, [
BF T 1 Gs AR, MO, TRIE S 3 MRHDEES
BAFIDCREUEITE 0.5 LIF, PAfdok: S D&
SHUAHICREE 0.6 247, SHER AR AL AL &
SR REAE 0.4 LIF A AR 2
26 ERHDEBTHIXNZEEMTESRASH
P3N 22 it B ) 5 o B 3R 5 AN [ s g e
RV SEIMCRE R 4, MR 470,81
AN A TR E S AR F R, A RN
0.78, 5 W FPEIEAH G, FARDR L S AN oPS 11 A1
qP VLSRRI F /F, ARG R B30 0.85,0.81
F10.73, AR 3 RN 0 3 IE AR OG, X R TR R
()7 INZZ i PR E Sl A 0 A 3 e B B 0% 1R

TR FE A 11 /N 22 it ol A e 0 EL A A R 1) S B
HEA BRI M, A0 B B s i et
BRCR, PRI 3 EHE PO SRR
PERIA B2 B 5 SRR oPS TR qP LI KE
KW F /F, WAHCREEEK 78 0.6 247, B 540
W F/F, ®PST AN gP LI RTERW F /F, BIFHE
FZEEK, 43N -0.69 .0.65 .0.65F1 0.69

3 % w®

R A 0 R 28 S AL E A
FERILHE " AR FEAE AT R IIHE I 90 mm
EHT, 8 MNEMFSILSHSE P, T G,
DL K5 6B%0 dPS 1L gP 4300 - SR > HE ¢
WSR2, 3), #IEE LW, ZFK
[ s /N T Po 2R FE T SRR AL TR R
PX HAB I B LEIE— 5, BRI (0~60 cm +
JZ KA BRI K R 1Y 50% 2647 ) , Ak T4%
TR NG Z BB aE , SILCR Pr R
) RZEH R, Tr BHAL RIS A ROR F /
F, BORSZEW  HFRGE80% oPS T AL AT
qP FHRL AR FLAI (0~ 60 ecm + 255 7K & Sk H (1]
Rk 25% 2 47) , FIEAL FHEFRAEN N A2
A KA, BN L A SRR R BRI R
R Pn R REHE AERIBENB R F/F,
KM B, ELa e 22 580K, Gs  Tr X PRt B 350%
@PS T FCETETE gP HE—BEAK, LWUE RE1E—
SEFEFE DM PR PR SR A

®3 FRSVEBT S MIERWTESARAMPEM S ZHRSHMEXREY

Table 3  Correlation coefficients between the grain yield and gas exchange parameters of flag leaves at

different growth stages for the 8 wheat varieties under deficit irrigation

etbr T Heading stage TS TFilling stage FLEI Milky-ripe stage
Index Pn Tr Gs LWUE Pn Tr Gs LWUE Pn Tr Gs LWUE
Feht Yield 0.65 0.49 0.45 -0.46 081° 0.77° 080° -0.4I 0.07 -0.34 -029 0.25
TRi 8 1000-grain weight —0.33  -0.43  -0.49 0.30  0.32 0.32 0.30 -0.21 0.36  -0.03 0.07  0.46
HRIEY Grains per spike  0.75°  0.75*  0.77° -0.68  0.28 0.27 0.28 -0.10 -0.06 -0.01 -0.05 -0.14
K T Spike weight  0.66 0.60 0.58 -0.66  0.19 0.15 0.19 -0.01 0.17 0.17 0.36  0.06

W o FR BFEKFER 0.01; + Fm BFEAFER 0.05, TR,

Note: * * mean significant level at 0.01; * mean significant level at 0.05, the same below.

x4 FERSEBRT S MNERMTEEFEMEPEMHHRENLASHIBXRY

Table 4  Correlation coefficients between the grain yield and chlorophyll fluorescence parameters of flag

leavesat different growth stages for the 8 wheat varieties under deficit irrigation

Ei=Y N 7] Heading stage HEIKI) Filling stage FLAA Milky-ripe stage
Index F,/F, ®PST qP NPQ F/F, ®PSI qP NPQ F./F, @PSI qP NP(Q
FEAEE Yield 0.21 0.59 0.59 0.02 0.61 0.52 031  -0.43 0.44 0.11  -0.04 -0.50
TF-KiF 1000-grain weight  0.78* -0.16  —0.19 0.19  -0.20 0.21 026  -0.44 0.23 0.58 0.57 0.27
TR Grains per spike  —0.69 0.65 0.65 -0.27 0.69 0.30 0.08  -0.05 022 -022 -032 -0.64
K Spike weight  —0.38 0.85** 0.81* 0.20 0.73* 0.19 022  -0.33 0.39 0.38 0.41 0.05
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Pn B B BORNT Tr B BRI LWUE
Bt BRI AR A LWUE 25 Ak X A fE
FH 351 PR 3R TR 1, T SR DU [) S b LWUE 1 25 57
BN, HAMBEI LWUE 15 0 SR i B4, LWUE A%
{8 SRR T K 3 W AR B K A 3 R, R )
Fofoxst S o7 () e A 2 SR 25 SR K, FLBUH, BN
700 FIHRAR 1412 (9 LWUE B &7 T Hofth 5 ff | 26
X2 AN AP BT R A m N E R
TE 103 2231 700, A1 & 26 17 B TET 500 kg -
hm 2 LA_E K FIRIRBCRAE 2 kg » m 7 2247 A=/
FBA 1412 Fnrp {52 99 (7= HAXAE 6 000 kg + hm ™
Litr KO FRCRTE 1.5 kg - m™ Ay, X FE5MU0
BT /NG bR T oK R T A AR R T, 45
BYURREST KPR DL A ERIK A R R 3 A48
bR, 8 A A8 1k 103 241 700 A1 47 26 LRk
T, Herpr 3497 700 MR BB RGR

IS /N P IR A K e 1 AR B AR K
1SR E /N AR R OGBS,
W B P, Tr A1 Gs 5 RER B0 10 38 1IE 4R OC
(2 3) , X F U S BRI 55 () v e & RE S e adk T A
LB B m, e, A FF, 5 TR E
OPST Al qP SRR EHRE B E MG (FE4),X
ot B R S B I A A 1 8 A G A R S BR O A ig
FIUA TG 1 e ot i Tk T RN SRR E 1Y B K
BARETEER, B 0kul, s et i <fL 28 i
SRS G B E RN X REY ., M
AT R, FE RT3 K14 5 A R DRI S 9
PR TR MY A mEAE Y,

IR /NG 7 R T A S Bt 3 T I A ok
JE RS 2 e 7= e AR P R TR 2R i A I 1Y)
A R AT RLE S SR ) T At . ARS8
ASINGZ SRR 7 R SRR IR P Tr R Gs 3
R E G (3 3) , 1 3 B i 7= /N 22 i v 7 T
W EAREE P Tr M Gs, ST 30T 9 A/
Z R R S A SRR KB, 7 SRR P A 88
V1A T P TR R RE 8 DR R 5 v 1 I 2 3R | RO
FE, TSR AN TS R R RN P
TE LG Rt & B0, i VS i i e A BE
JEAR AR A SERE, WA S A, Sk
5 SR, B PR /NAE 3N 953 FEAE W HE MO & T
RERFEE R e A SHER 20 XUl T
VSO A (9 )6 A5 BB T XA W v 7= A T
WM S AR L AR L X T3 22 22 78 5 RhFIERE
XN T HER I SO S H S P R E L F/
F, 50008 EEM (0 oPS I 577 i Sl i &
IEAHSG, X5 AT 26 S 5 S AT kL™ 1 8

T REMRRGIEA—E, T RE AT H R — /D
Z i LA S B S A S AN R BT 3

ApgEH 2 7 5 2R 700 A1 26 1E 3
MEFWSALSE Pn Tr 1 Gs WEGE (B 2) 5
NBHF /F, DPS I P Wi e (K 3) , (H32A
700 FILfT % 26 HIF=EAE 7 600 kg - hm™> 2247, Tl
F T 5N 6 874.25 kg - hm (£ 2) . XA Al fig 2
AN dt A % B T B )RR Y 3 12 A DT R R
AN, EERI R JGA 7 W kR i 3G i B A
HEAEH] (O B4R K | ok Bk 22 1 5 3 AR B3R
28 B OC G T W AR S BN 5T R, Zhang
SETOT AR HEE DAL A ZE R X /N P
TUHRRAE T3% ~ 81% Z 0], 45 I 25> 8 FF 46 30 a0
AT AL ZE 5 b F DA SRy RS A R X R A
HI TR AE 42% 247, HE £ R AR5 %, Wang
SV AR AL X R AN K e/ N AE S T d
HEATALREAL TR | K A TR P 1 1 DT R 8530 A
33.6% ~64.5%F1 32.2% ~57.2% ., AT UL, 5%
A ORI S IR A M Sz Bep R ™ o 1 e 1K, {H AR
WA 7 A 3 R 7 2 g /N 22 R 2 T
B PRt AR i 2 B SR DS G R e
KA TG LM — LR,

4 #t B

AT XTI R AR Y 8 A~/
A FEAEFE A HE R AR 2R (A4S W 90 mm) |, 43
SR | W | LA X R [ N 2
HSELACH S ER DS EGE TN E |, /B R 5e 43
FEWE T ASTR] /NZZ b A e i G 5 R e S L 5 7 e
KA FIHRCRI KR SRR S5 .

1) B/ INZ SRR O A R (Pr) (2RI R
(Tr) FVSALSBE (Gs) S BN R > R > 3L
ST oK A3 R AR (LWUE ) TEF R ] i b ]
PSR AT RN 3.7~7.9 pmol + mol 7', EWK
A R 22 5 /N  FE 5.1~7.3 wmol » mol ', FLE
19,3091 700 FOHEA 1412 (9 LWUE 4350 & T HoAt
A 1~2 wmol + mol ™',

2) (RN A S A ) S B O B RCR oPS T AT
B YE gP YIRIE R - TR > 3 401 > LU v A
HBRCE F/F, TR R R R & T 0.8,
LI AR, 75 0.61 ~0.81,

3) PR/ INFE SRR 7 S EE SR A Y P T R
Gs Y2 10 2 TEAH DG FHOC RELTE 0.80 247, R UIHE
WA Pn Tr 0 Gs AT NS P2 RO 0636 45

(T#% 265 1)



