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Relationships among carbon isotope discrimination, grain yield and
photosynthetic traits of flag leaves in winter wheat
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Abstract: In order to understand the relationships among carbon isotope discrimination (A®C), grain yield and
photosynthetic related traits of flag leaf in winter wheat under different water conditions, 12 major winter wheat cultivars
were selected as research materials to analyze the relationships among APC, grain yield, photosynthetic traits and stom-
atal density of flag leaf through a normal and drought treatment experiment. The results showed that the mean values of 5
traits, including photosynthetic rate ( Pn), carbon isotope discrimination (AC), stomatal conductance ( Gs), SPAD
value of the flag leaf chlorophyll content (SPAD) and grain yield (GY), were significantly decreased under water
stressed (WS) condition, compared with the well — watered (WW) condition (at least P <0.01). Results of a correla-
tion analysis indicated that stomatal conductance ( Gs) , transpiration rate (£ ), intercellular CO, concentration ( Ci) and
Ci/ Ca were positively correlated at significant levels with each other under two water conditions (at least P <0.05).
ABC was positively correlated with GY under both water conditions (WS and WW), and higher positive correlation was
observed under water-watered condition than WS condition(0.27 WS; 0.51 WW). APC was positively correlated with
Pn.Gs . E.Ci and Ci/Ca under water-stressed, significantly positively correlated with Ci/Ca(P <0.05). APC was

obviously negative correlated with Pn under well-watered( —0.42), no significant relationship with other four photosyn-
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thetic traits. A" C was obviously or significantly negatively correlated with stomatal density of flag leaf ( — 0. 49,
-0.21, WS; -0.56, —0.61WW) under two water conditions. Because stomatal density was stable under different

water conditions, flag leaf stomatal density may be a potential surrogate markers for A" C. The results from this study

would provide valuable information for the application of APC in the breeding of drought-resistant and water-saving winter

wheat .

Keywords: winter wheat; carbon isotope discrimination; grain yield; photosynthetic traits; stomatal density
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Table 1 Names, pedigrees, origins and planting regions of the 12 Chinese winter wheat accessions

45 No. £ FK Name Z% Pedigree FEJEHL Origin A X Planting regions
4 21 2 15 /84 13 ' HfEA 2 X
o ’
! Luomai 21 Luomai No.1/Zhoumai 13 T Henan Huang — huai winter wheat region
iz 6% B 25 7 S bk ; HEAEZ X
2 . . . M Henan . .
Wenmai No.6 Yuamai 25 systematically bred Huang-huai winter wheat region
JH# 165 JH 9/ )% 84258 . HER X
3 . JES Henan . .
Zhoumai No. 16 Zhou 9/7Zhou 84258 Huang-huai winter wheat region
Fyr3 5 Heine Hvede/ P 4% 6028 R . HEAFZ X
4 . g BEPY Shaanxi . .
Fengchan No.3 Heine Hvede / Xinong 6028 Huang-huai winter wheat region
/ME 65 S12422/464/ /1M 96 . HHEAH X
5 . . BPY Shaanxi .. .
Xiaoyan No.6 St2422/464/ Xiaoyan 96 Huang-huai winter wheat region
K 135 /ME 65 /KK 134 . A X
6 . BEPY Shaanxi o .
Changwu 135 Xiaoyan No.6/Changwu 134 Huang-huai winter wheat region
T /681/3/H A< 3217/ 5//E 4R 3217/4/
% JIME 6 = EELEX
7 B2 150 Mo & . . BRVY Shaanxi HRARE .
Shanmai 150 Zhong 4/681/3/Bainong 3217/Zhong 5//Bain- Huang-huai winter wheat region
ong 3217/4/Xiaoyan No.6
TS Kk 7125/ 8% 3 5 S N B2 X
8 . . T X Ningxia .. .
Ningdong No. 1 Changwu 7125/ Jinnong No.3 Huang-huai winter wheat region
P — s s
W 18 t;fhmrzka DNA A i /22 86(6)002 ik ] A X
9 . ERI5 1175 Shandong . ) .
Jinan 18 Northern winter wheat region
Common wheat/ Agropyrons elongatum
10 BE1E % 3/ /8 B 20170 R4 7 Shandon Bl AHIES P8
Lumai No. 1 Aifeng 3//Mengxian 201/ Niuzhute - & Northern winter wheat region
1 HE 47 12057/ (5 522/K37 - 30) U176 Shani LA FE X
Jinmai 47 12057/ (Han 522/K37 - 30) Northern winter wheat region
Elvk | 2 7 TR X
b Rt 15 ARK 16/%E 187 TG Shani JeEaE X

Hanxuan No. 1 Nongda 16/Huabei 187

Northern winter wheat region
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Table 2 Mean value, standard deviation (SD) of each trait and the differences under two water conditions.

FEME + b2z

P + bR 2E

(WS) (WW)
Pn/(pmol*m~2-s7") 15.98 £2.55 21.81+1.81 -5.837 7" -26.72
Gs/(mol*m~2+s7") 0.38+0.11 0.54+0.12 -0.16" " -30.08
Ci/ (ol *mol =) 284.69 + 13.84 286.63 + 14.92 ~1.11lns -0.39
E/(mmol-m™2+s7") 8.35+1.68 9.28+1.43 -0.93ns -10.04
Ci/Ca 0.74+0.04 0.76+0.04 -0.02ns -2.81
SPAD 53.92+3.97 55.91+4.33 —1.99% * -3.55
GY/(grm™2) 274.18 +50.11 384.72£90.82 -110.54" " -28.73
ABC 18.32£0.43 18.94+0.41 -0.62" " -3.27
SDUE/ (1> *mm~2) 70.97 £5.92 72.86 +6.62 ~1.89ns -2.60
SDLE/ (/> *mm™2) 51.92+4.28 51.26 £4.20 0.66ns 1.28

Hex % x flx %« BHIFIR P<0.05.P<0.01 Fl P<0.001 KT 2R EE; PnoCEHR; G AILTE; G MuE co, WP ; E. 78
[ Civ Ca: JLI) CO, MRE 525K CO, YR HUAE ; SPAD : HHXT I8 26 & 5 SPAD {H; GY AFhLr= 52 ; APC. R [FIN 2 43 HE % ; SDUE: 3R A AL

I S SDLE: T2 AL s W T 53 WW 3 E SR, TR,

Note: * ,

* % and * * ¥ indicated that the differences were significant at levels of 5%, 1% and 0.1% , respectively. Pn: photosynthetic rate; Gs:

stomatal conductance; Ci: intercellular CO, concentration; E: transpiration rate; Ci/Ca: intercellular CO, concentration/ the concentration of CO, in air;

SPAD: readings of relative content of leaf chlorophyll; GY: grain yield; APC: carbon isotope discrimination; SDUE: stomatal density of upper epidermis;

SDLE: stomatal density of lower epidermis; WS: water-stressed; WW: water-watered. The same below.
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Table 3 Simple correlation coefficients between each trait and others under well-watered conditions

AR Traits GY Pn Gs Ci E Ci/Ca SPAD SDUE SDLE

Pn 0.29
Gs 0.04 0.39
Ci -0.01 0.33 0.89" %~
E 0.02 0.24 0.89" "~ 0.68"

Ci/Ca 0 0.18 0.93" " 0.96" "%  0.78% x

SPAD -0.34 -0.14 0.54 0.36 0.48 0.49

SDUE -0.25 0.26 0.23 0.23 0.4 0.15 -0.01

SDLE -0.68" -0.1 0.03 0.2 0.06 0.13 0.12 0.66"

ARC 0.51 -0.42 0.07 -0.01 0.14 0.16 0.19 -0.56 -0.61"

HWoew % x fll* x * RIFKR P<0.05.P<0.01 1 P<0.001 /K FE9ME, TR,

Note: %, * % and * * % indicates that r is significance at levels of 5%, 1% and 0.1% , respectively. The same below.
R4 TEPEFHTEEKZEEEXE
Table 4  Simple correlation coefficients between each trait and others under water-watered conditions
AR Traits GY Pn Gs Ci E Ci/Ca SPAD SDUE SDLE
Pn 0.56
Gs 0.57 0.84"" "
Ci 0.38 0.36 0.69"
E 0.44 0.82"" 0.96" " " 0.75""
Ci/Ca 0.44 0.49 0.85" " " 0.87" " 0.83" "
SPAD 0.48 0.30 0.30 0.28 0.29 0.08
SDUE -0.34 0.08 0 -0.01 0.11 -0.14 0.16
SDLE -0.13 -0.39 -0.22 -0.12 -0.30 -0.12 0.12 0.35
APC 0.27 0.18 0.52 0.28 0.40 0.60" -0.09 -0.49 -0.21
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