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Table 1 SPAD value, green leaf area duration and senescence related parameters
of flag leaves during different grain filling stages under two water conditions

RIL {4 RIL population

27N Parent
RN . tfH
Trait THE10 1k 14 t value FHfE
Hanxuan 10 Lumai 14 Mean

Standard
deviation

4\‘{ } 1=} =] ;m . \}E
PR e wE RME R N
. .. . Coefficient of
Skewness  Kurtosis ~ Minimum  Maximum

variation (%)

SPAD-S1  56.97/56.37 61.51/59.67 4.39'/5.99"
SPAD-S2  55.38/54.18 59.93/56.87 5.75"/3.23ns
SPAD-S3  53.88/51.97 59.34/52.06 9.09'/0.12ns
SPAD-S4  52.74/49.34 55.79/42.46 5.737/20.05"
SPAD-S5 42.98/25.95 41.43/10.12 0.35ns/7.56"

57.26/56.39 2.44/2.33 -0.12/-0.05 -0.08/-0.26 49.42/50.16 64.34/62.66 4.27/4.13
56.24/55.44 2.53/2.56
55.10/52.71 3.22/3.27 -0.78/-0.52 2.11/0.68 35.90/39.58 61.84/59.92 5.85/6.21
50.97/46.88 6.44/8.44 -1.19/-1.61 2.71/2.97
34.61/18.94 9.30/12.30 -0.65/0.35 -0.03/-0.65 0.00/0.00 55.82/49.32 35.53/64.95

0.02/-0.22 -0.12/0.16 48.82/45.97 64.12/61.16 4.42/4.62

1.48/3.58  60.55/57.92 12.64/18.01

SPAD-S6 15.97/3.25 12.34/1.74 1.72ns/8.13°  12.96/3.97 2.12/2.87 0.85/0.70 1.81/1.20  0.00/0.00 42.55/20.38 43.58/76.82
SPAD-S7  3.71/0.00  2.11/0.00  4.82"/- 2.04/- 0.12/- 1.20/- 1.75/- 0.00/0.00  6.22/0.00 95.95/-
GLAD-DI  8.15/8.13  8.73/7.75  5.00'/3.99ns 8.53/8.32  0.34/0.43 -0.79/-0.93 0.88/1.40  7.00/6.67  9.00/9.00  3.98/5.17
GLAD-D2  8.00/7.92  8.60/6.58  5.20/6.70" 8.30/8.03  0.49/0.59 -1.10/-1.83 1.13/1.90  4.25/4.10  9.00/9.00  5.87/7.33
GLAD-D3  7.93/6.65  7.93/5.14  1.43ns/5.60" 7.86/7.12  0.84/1.35 -0.65/-0.81 0.55/0.59  2.37/2.40  9.00/8.67 10.68/18.88
GLAD-D4  7.40/5.00  6.53/2.40 6.217/9.37 6.93/529 1.29/1.89 -1.63/-0.93 1.72/1.37  1.05/0.22  8.80/8.00 18.67/35.75
GLAD-D5  4.50/0.62  3.53/0.00  3.35ns/- 3.93/1.55 1.03/1.60 -0.15/1.19 -0.84/1.12  0.00/0.00  8.00/7.40 51.57/43.09
GLAD-D6  1.32/0.00  0.40/0.00  6.72"/- 1.02/0.22  1.35/0.64 1.73/1.80 2.85/1.88  0.00/0.00  6.25/4.20 62.52/85.77
GLAD-D7  0.30/0.00  0.00/0.00 -/- 0.10/0.03  0.35/0.19  4.34/1.47 2.01/1.62  0.00/0.00  2.75/2.40 77.30/87.16
MRS (%/d) 15.13/13.97 13.21/15.86 5.397/9.97" 16.15/16.34 4.60/5.22 -0.26/-0.30 -0.40/-0.35 6.30/5.57 37.10/33.63 28.70/31.94
TMRS (d) 22.86/20.12 22.20/18.86 0.53ns/5.32"  22.69/20.65 1.67/1.67 -0.25/-0.63 1.10/2.94 16.14/13.26 26.73/25.85 7.37/8.10
PGMS (%) 29.80/29.61 32.91/30.19 5.157/0.93ns  31.33/31.08 1.63/2.30 2.41/1.64 1.95/0.87 26.87/25.50 45.52/42.53 5.21/7.41
75%G  20.88/17.75 19.45/16.20 1.63ns/2.45ns 20.04/17.96 1.81/2.08 -1.13/-1.68 0.89/0.92  8.85/5.80 24.67/23.21  9.04/11.60

50%G  22.28/19.52 21.91/17.84 0.84ns/5.17"
25%G  23.60/20.92 23.48/19.14 0.33ns/4.76°
Ts(d)  18.15/14.95 12.71/12.97 4.967/6.25
To(d)  29.60/24.47 25.22/20.91 4.80'/9.65"

21.91/19.85
23.39/21.35

25.03/23.02

16.37/14.23 2.65/3.31 -2.10/-1.98 1.08/1.78
1.98/1.92

1.66/1.72  -0.43/-1.04 0.91/1.07 15.19/11.06 26.70/25.07 7.56/8.68
1.73/1.69 -0.13/-0.24 0.68/1.26 16.92/14.68 28.46/27.05

7.38/7.90
8.26/2.03  22.11/19.86 16.23/19.86

0.05/0.53  0.19/2.43 18.75/16.17 30.80/29.38  7.92/9.35

TE: M A 0.05 F10.01 AR “ns” ARELE -7 RBUREG <7 ZE BT R E R TR, AT

S A T RAE. T

Note: """ and """ indicate significance at 0.05 and 0.01 probability levels, respectively; "ns" means not significant; "-" means no date; The number
on the left of "/" is the phenotypic value under well-watered condition, and the number on the right is phenotypic value under drought stress

condition. The same below
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Table 2 Distribution characteristics of yield-related traits under different two water conditions

RIL 44 RIL population

FrifE2E . S RAL

Standard fif %E. E.YT{J\{E Eij.:ﬁ Coefficient of
.. Skewness Kurtosis Minimum  Maximum L.

deviation variation (%)

27K Parent
IR o =) 5 tH k
Trait P10 FE14 t value P
Hanxuan 10  Lumai 14 Mean

T .
1000-grain weight () 38.54/37.52 39.12/34.02 2.83ns/5.39
%*ﬂir‘“g 520/3.99  4.93/1.92 3.59ns/6.45"  4.31/2.94
Yield per plant (g)
b .
lﬁ{l%i”ﬂ 4.16/3.13  3.24/1.94 2.60ns/4.78 3.36/2.63
Spike number per plant
TR

. . 43.40/41.24 33.02/32.99 5.757/5.10°
Grain number per spike

40.33/36.35 6.22/6.08

39.33/37.36 4.51/4.13 -0.49/0.17 1.31/0.03 26.28/25.22 48.80/50.40 11.47/11.57

1.58/0.97 0.49/0.54 0.01/0.02 1.24/0.72  9.11/5.59  36.78/33.13

0.96/0.77 0.60/1.23 0.91/0.46 1.50/1.35  7.25/6.98  40.62/47.23

0.17/-0.06 0.32/0.29 24.39/16.67 56.60/51.47 15.43/16.71

HiK: Grain length (mm) 6.55/6.29  6.68/6.26  0.52ns/1.88ns  6.74/6.59  0.32/0.32  0.00/-0.03 0.00/0.13  5.89/5.59  7.73/7.70 4.76/4.89
Ki9E Grain width (mm) 3.48/335  3.07/3.03 7.3576.36" 3.30/3.19  0.18/0.18 0.50/-0.54 0.97/2.22 2.76/2.24  4.01/3.74 5.53/5.61
i 3.14/2.95  3.03/2.91 4.357/4.84° 3.11/2.99  0.19/0.20 0.34/0.03 0.00/0.00 2.65/2.48  3.69/3.57 5.99/6.58

Grain thickness (mm)
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23 FHoERSEEERAEXE
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[) SPAD ff 55 4 JEE 357 S A B 38 IEAH DG, AH OC R B
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Table 3 Correlation coefficients of the SPAD value and yield related traits under two water conditions

PEIR Trait SPAD-S1 SPAD-S2 SPAD-S3 SPAD-S4 SPAD-S5 SPAD-S6 SPAD-S7
%K Grain length -0.06/0.01 -0.07/0.03 0.01/0.04 0.07/0.07 0.09/0.04 0.02/-0.02 -0.06/0.04
Fi%% Grain width -0.04/0.09 -0.03/0.07 0.03/0.07 0.09/0.05 0.217/0.20" 0.267/0.13" 0.13'/0.22"
75 Grain thickness -0.02/0.04 -0.05/0.02 -0.03/0.02 -0.04/-0.05 0.06/0.19" 0.247/0.18" 0.10/0.21”
THRLE . -0.04/-0.07 -0.03/-0.05 0.05/0.09 0.127/0.07 0.157/0.22" 0.127/0.18" 0.177/0.19™
1000-grain weight
E'i.**’i L 0.05/0.11 0.08/0.15 0.177/0.15" 0.277/0.15"  0.277/0.17" 0.237/0.13" 0.207/0.15™
Yield per plant

i) . e - -
ﬁﬂ“‘ﬁ 0.04/0.11 0.06/0.12 0.13'/0.12 0.197/0.08 0.187/0.01 -0.07/-0.10 -0.02/-0.06
Spike number per plant
ok % R e e e e
oL 0.14°/0.19 0.16/0.23 0.22"/0.20 0.27"/0.21 0.267/0.17 0.04/0.10 0.03/0.07

Grain number per spike

PR, BERAFRIRE M GLAD 5= Mk i A
KM R WK 4, FEIEREMAMAT, a5
10, 13, 16 f119d ) GLAD 5 ki 5 i 2 sk bl 5.
SIEA G, fEJ5 19, 22, 25 f128d (19 GLAD %
Yo I B E IEAR DG, AEJS 22, 25 F128d Y

GLAD 547 )5 52 W 25 B 0 25 EAHOC . 76T 50
WM, fEJ5 10 F1 13d (9 GLAD 5 ki K 2 &
Faig W E TE A OG; AEJG 19, 22 F125d B GLAD
90 5 T O S IR AR G B 22 A1 25d 1Y
GLAD 5 H7J5 5 I 2l dnb 25 TE AR G .

F4 2WKSEMET GLAD 52 MHIRIHE XM

Table 4 Correlation coefficients of the green leaf area duration and yield traits under two water conditions

PR Trait GLAD-D1 GLAD-D2 GLAD-D3 GLAD-D4 GLAD-D5 GLAD-D6 GLAD-D7
#it Grain length 0.167/0.17" 0.147/0.12° 0.127/0.07 0.117/0.03 0.05/0.03 0.01/0.03 0.09/0.02
BITE Grain width -0.03/0.05 0.05/-0.01 0.05/0.03 0.12"/0.13° 0.307/0.18" 0.297/0.14" 0.167/0.04
)5 Grain thickness 0.05/0.07 0.01/-0.01 0.03/0.06 0.05/0.04 0.127/0.15 0.237/0.19" 0.167/0.08
THLE . 0.07/0.21" 0.07/0.16" 0.167/0.15™ 0.177/0.13" 0.207/0.14" 0.11/0.08 0.05/0.05
1000-grain weight
E'j‘. b it 0.157/0.11 0.167/0.09 0.22"/0.04 0.20"/0.06 0.197/0.07 0.09/0.07 0.04/0.10
Yield per plant

i) . . . . .
WM 0.117/0.04 0.10/0.02 0.15'/-0.02 0.12'/-0.02 0.09/-0.06 -0.08/-0.12 -0.08/-0.14
Spike number per plant
SV . . - - - .
HoRLEL 0.187/0.08 0.237/0.10 0.237/0.04 0.197/0.07 0.167/0.10 0.02/0.14 0.06/0.02

Grain number per spike
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Table 5 Correlation coefficients of the senescence related parameters and yield traits under two water conditions

PR Trait MRS TMRS PGMS Ts To 75%G 25%G 50%G

#iK Grain length -0.09/-0.09 0.05/0.02 0.05/0.08 0.11/0.06 0.00/-0.06 0.09/0.03 0.03/-0.03 0.06/0.00
Fi%% Grain width 0.12'/0.12°  0.287/0.15"  0.08/0.06 0.03/-0.03 0.307/0.20"  0.177/0.05  0.297/0.17" 0.257/0.12"
#7JE Grain thickness 0.08/0.10 0.147/0.08 0.137/0.13"  -0.06/-0.10 0.197/0.16"  0.04/-0.03  0.167/0.11  0.11/0.04
TR . . -0.04/-0.07 0.197/0.11  -0.04/0.18  0.167/0.01  0.1570.13°  0.207/0.06 0.187/0.12°  0.207/0.10
1000-grain weight
i.ﬂvt H -0.217/-020"  0.157/-0.04  -0.07/-0.02  0.297/0.13"  0.03/-0.13"  0.26"/0.07  0.11/-0.07 0.197/0.00
Yield per plant
BARRFREYL o - -

: -0.19/-0.09  0.06/-0.07  -0.08/0.01 0.217/0.05  -0.04/-0.11 0.167/0.07  0.02/-0.09 0.09/-0.05
Spike number per plant
SR - . . o - .
oL -0.16/-0.15"  0.127/-0.01 0.02/-0.08  0.217/0.13"  0.03/-0.10 0.197/0.08  0.09/-0.04  0.147/0.02

Grain number per spike
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Abstract

To provide support for rapidly selecting stay-green lines and for accelerating drought-resistant and high
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photosynthetic efficiency breeding processes, phenotypic indicators suitable for evaluating stay-green traits should be
found out under multiple environmental conditions. In this study, the SPAD value, green leaf area duration (GLAD)
and the change of senescence parameters under different water conditions of flag leaves in different periods of grain-
filling were analyzed using recombinant inbred lines (RIL) population of 306 lines (Hanxuan 10 x Lumai 14), and the
correlations between them and yield-related traits were studied. The results showed that the changes of SPAD value
and GLAD in RIL population were dynamic and complex processes during the whole grain-filling period, while the
senescence-related parameters could not reflect the dynamic process. Under the two water conditions, SPAD value at
the late filling-grain stage (20, 25 and 30 days after anthesis) was significant or highly significant correlation with grain
width, grain thickness, 1000-grain weight and yield per plant. Under irrigation conditions, the GLAD 10, 13, 16, 19
and 22 days after anthesis was highly significantly correlated with the yield per plant. However, the GLAD was not
significantly correlated with yield per plant under drought stress. Under different environmental conditions, compared
with GLAD, the SPAD value of flag leaf has a better correlation with senescence parameters and yield-related traits
in the late grain-filling stage, and the measurement of the SPAD value is relatively simple, which is more suitable for
selecting stay-green lines.

Key words Wheat; Stay-green trait; Yield; Correlation analysis





