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Genetic diversity of spring wheat germplasm resources based on
drought resistance in Ningxia

ZHANG Wei-jun, YUAN Han-min, WANG Xiao-liang, KANG Ling, HE Jin-shang, CHEN Dong-sheng
( Ningxia Academy of Agriculture and Forestry Sciences , Yinchuan, Ningxia 750002, China)

Abstract: In order to provide a theoretical basis for wheat breeding against drought, 11 agronomic traits of 91 spring
wheat germplasm resources, including wheat varieties cultivars, landraces and introduced varieties, were used to analyze
their genetic diversity, the drought index and the clustering study. Results showed that sterile spikelet per spike had the
largest coefficients of variance ( CV) of 63.5% and 51.5% under the conditions of drought stress and normal irrigation,
followed by length from flag leaf pulvinus to spike base with CV of 36.9% and 36.3% , respectively. Correlation analy-
sis of drought tolerance index (DTI) showed that DTI of the yield had significant negative correlations with the plant
height, peduncle length and length from flag leaf pulvinus to spike base, respectively. Genetic diversity index (H') of
DTI among different traits had a large range from 0.99 to 2.48, with an average value of 1.73. The false spikelet num-
ber had the largest H' of 2.48. Based on the phenotypic traits, all accessions could be clustered into five groups. Vari-
eties from the fourth group were not sensitive to irrigation and may be suitable for cultivation in dryland. Overall, the ge-
netic basis of Ningxia spring wheat is relatively limited. Therefore, breeders should widely collect and use germplasm re-
sources and proximal species of wheat, broadening the genetic basis in order to lay the foundation for breeding of break-
through cultivars.

Keywords: spring wheat; drought resistance; ogronomic trait; genetic diversity
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Table 1 Names and origins of wheat accessions
#i'F No. F P FR Name PRI Origin #'F No. F AN £ FR Name K Origin
1 M7 F Baituzi 7 il Landrace 47 T4 345 Ningchun No.34  #5E fhFf Regist variety
2 LT Hongtuzi HiJ7 Al Landrace 48 T4 355 Ningchun No.35  #5E fhFf Regist variety
3 /NFI 3k Xiaoheshangtou HbJ7 il Landrace 49 T4 36 5 Ningchun No.36 i %& fhFl Regist variety
4 k# Huomai o7 i Ff Landrace 50 T4 37 %5 Ningchun No.37 % fhFh Regist variety
5 Bk FE Machuomai 5 P Landrace 51 T4 385 Ningchun No.38 A7 il Regist variety
6 1% Shanmai Mo J7 i Ff Landrace 52 T4 39 %5 Ningchun No.39 % il Regist variety
7 KFE Dagingmang HJ5 P Landrace 53 T4 40 5 Ningchun No.40 75 i Regist variety
8 FLITJE Wuzhaolong 5 5P Landrace 54 T# 41 5 Ningchun No.41 B fFH Regist variety
9 21552 Honggimai HJ5 i Landrace 55 T4+ 42 % Ningchun No.42  #7E fifl Regist variety
10 #1715 Jinmai No.1 HJ5 P Landrace 56 TH 43 % Ningchun No.43  #7E fifl Regist variety
11 Fl% 145 Ayu No.1 HJ5 P Landrace 57 TH 445 Ningchun No.44  #7E fifl Regist variety
12 4K 15 Zhengtian No. 1 HJ5 s Landrace 58 TH 45 % Ningchun No.45  #7E fifl Regist variety
13 71 Hongtu HJ5 s Landrace 59 T 46 5 Ningchun No.46 7 %E il Regist variety
14 -4t 15 Doudi No. 1 HJ5 wh P Landrace 60 T 475 Ningchun No.47 7 %E fhFl Regist variety
15 Cajem — 70 ST Tmport variety 61 T 48 5 Ningchun No.48 7 %E fhFl Regist variety
16 T 15 Ningchun No. 1 T il Regist variety 62 T 495 Ningchun No.49 7 %E il Regist variety
17 T4 25 Ningchun No.2 5 i Regist variety 63 T 505 Ningchun No.50 7 %E fhFf Regist variety
18 T4 35 Ningchun No.3 15 fh A Regist variety 64 T 51 5 Ningchu No.51 7 %E il Regist variety
19 T4 45 Ningchun No.4 T fhFh Regist variety 65 T 525 Ningchun No.52 7 %E il Regist variety
20 T4 55 Ningchun No.5 TS fBFh Regist variety 66 FT 15 Chunjie No. 1 75 Landrace
21 T# 65 Ningchun No.6 FE M Bl Regist variety 67 #7725 Chunjie No.2 HiJ7 @ Fl Landrace
2 T# 75 Ningchun No.7 HE M Bl Regist variety 68 #7735 Chunjie No.3 77 @A Landrace
23 T# 8 5 Ningchun No.8 FHE MBI Regist variety 69 %77 6 5 Chunjie No.6 HiJ7 @Al Landrace
24 T4 95 Ningchun No.9 #HE Bl Regist variety 70 m2525 HAH & Bred strains
25 T4 105 Ningchun No.10 & bl Regist variety 71 m2598 A B A& Bred strains
26 T4 11'5 Ningchun No.11 B b Regist variety 72 Chuanmai 18 G HEFI Import variety
27 T4 125 Ningchun No.12 7 5E il Regist variety 73 Jinghong No. 1 513EF 5 Tmport variety
28 T4 135 Ningchun No.13 & bl Regist variety 74 Jinghong No.2 51EFN 5 Tmport variety
29 T4 145 Ningchun No.14  #5E fhFf Regist variety 75 Bastian B3R BT Import variety
30 T# 155 Ningchun No.15 i 7E i fll Regist variety 76 CV” Drysdale” CSIR02005 B3R BT Tmport variety
31 TF 16 5 Ningchun No.16  #7E i Fll Regist variety 77 E.G.A GREGORY B3RP Tmport variety
32 T4 175 Ningchun No.17  # 5 fbFf Regist variety 78 Granato SR BT Import variety
33 T4 18 5 Ningchun No.18  H 7€ ibFf Regist variety 79 Magnif4l ert 1 SR BT Import variety
34 T4 195 Ningchun No.19 B E fhF Regist variety 80 Castel Porziano S1EF T Import variety
35 T4 20 5 Ningchun No.20  #15E fhFf Regist variety 81 Durox SRR BT Import variety
36 T4 21 5 Ningchun No.21  #5E i Regist variety 82 Icaro G Import variety
37 T4 225 Ningchun No.22 i 5E b Ff Regist variety 83 Halberd GIHEFP BT Import variety
38 T4 23 %5 Ningchun No.23  #7E il Regist variety 84 Bouffarick GIHEFP BT Import variety
39 T4 245 Ningchun No.24 i 5E b Ff Regist variety 85 Kharchia 65 SR Import variety
40 T4 26 5 Ningchun No.26 i 5E S Ff Regist variety 86 Transfer GHEFP BT Tmport variety
41 T4 275 Ningchun No.27  #5E fhF Regist variety 87 Pitic 62 SR Tmport variety
2 T 295 Ningchun No.28 B E fhFh Regist variety 88 CEP 8058 ST Tmport variety
43 T4 305 Ningchun No.29 75 fbFh Regist variety 89 Cleopatra ST Tmport variety
4 T# 31 5 Ningchun No.30  H5EfiFl Regist variety 90 Synth. Deriv.29589 ST Tmport variety
45 T4 325 Ningchun No.31 7 5E fhF Regist variety 91 Seri M82 ST Tmport variety
46 T# 335 Ningchun No.32 7 7E i Regist variety
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Table 2 Analysis on the agronomic traits of 91 wheat varieties tested

TR 251 Drought stress

WEWR 251 Well waterd

2R ai : =, : =, - ¥ : = - = - ¥
AL Trait B R RME ERRR M RKH RME ERRM
Average Max. Min. CV/ % Average Max. Min. CV/ %
B Plant height/cm 81.2 115.0 43.0 19.9 9.8 128.0 65.0 16.8
BARREREL Effective tillers 2.7 4.2 1.5 21.8 3.2 6.1 1.5 25.6
F R/ INEEEL Effective spikelets 16.3 20.7 10.2 12.9 16.8 20.6 11.6 11.4
N2/ NEEEL Sterile spikelets 1.7 5.5 0.1 63.5 1.9 4.3 0.2 51.5
T84 Spike length/cm 10.2 14.3 5.5 15.3 10.1 14.3 5.6 16.0
FEF 74 Length of spike neck/cm 32.0 48.0 15.4 18.4 33.8 48.7 16.0 18.0
FHMHIE Inheritance of ear-leaf distance/cm 13.6 31.0 3.0 36.9 14.2 28.0 3.9 36.3
FERIEL Kernels per spike 34.1 50.4 19.3 19.9 33.4 47.8 16.2 20.3
FRIE Grain weight per spike/g 1.2 2.3 0.7 24.9 1.1 2.2 0.5 27.6
TR E 1000-grain weight/g 37.9 54.0 24.5 14.6 38.9 53.8 27.1 16.1
74 Yield/(kg-hm=2) 3154.7 4710.1 1355.8 23.8 3351.1 6319.5  1550.1 29.3
*3 SEMBEERZERTEIEH (DI FES TR SHEEH
Table 3 Analyses on agronomic traits of DTI and diversity indexes of wheat cultivars tested
. " N v NZE/NEY PR - 3 A N SR i .. Uk -
. pews pRi Aobpon TG G RTERORME g REE S ew
PEAR . . No. of . Length  Inheritance Grain .
. Plant Effective Effective . Spike . Kernels . 1000-grain .
Trait heisht tillers ikelets sterile Jength of spike  of ear-leaf ik weight per ight Yield
1 e spleelels spikelets en neck distance P PIE spike we

M Average 0.89 0.91 0.97 1.05 1.01 0.96 1.02 1.03 1.12 0.98 0.98
e K{E Max. 1.09 2.10 1.25 4.25 1.49 1.49 2.85 1.43 2.29 1.26 1.85
f5¢/ME Min. 0.55 0.44 0.79 0.04 0.68 0.74 0.52 0.58 0.60 0.74 0.49
i 10.83 28.84 9.18 66.74 10.83 15.18 39.65 15.32 25.46  11.35  22.36

0
ZHAEIRE H 1.16 2.33 0.99 2.48 1.26 1.38 2.41 1.69 2.12 1.21 2.05
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Table 4  Correlation coefficients of drought tolerance indexes among agronomic traits

MTAR B ok T

Mo Brim BRREEEL ARUME AFUME RER \ TR £ L TR
PEAR e e . . Length  Inheritance Grain .
. Plant Effective  Effective Sterile Spike - . Kernels . 1000-grain
Trait height tillers ikelet ikelet leneth of spike  of ear-leaf  nik weight ioht
ei illers spikelets  spikelets eng neck distance  PEY SPike per spike weig

FARRREAL

Effective tillers 0.007

AN

Effective spikelets 0.144 -0.045

N i .

T%M‘? -0.190  -0.038 -0.319""

Sterile spikelets

K Spike length 0.054 0.044  0.151 -0.276" "

K )

WETR . 0.359" " 0.001 0.166 -0.275" " 0.057

Length of spike neck

BB o

Inheritance of ear-leaf distance 0.251 0.098 0.142 -0.315"" -0.006 0.715

HA . -0.188 -0.118 0.233"  -0.279" " 0.074 0.044 0.177

Kernels per spike

L*.li . . -0.060 -0.122 0.155 -0.079 -0.182 -0.112 0.096 0.388" "

Grain weight per spike

TR 1000-grain weight 0.133  -0.092 -0.208" -0.015 -0.068 0.053 0.057 -0.040 0.238"

7 Yield -0.272"*  0.088 -0.095 0.141 -0.220"-0.301" " -0.324"" 0.051 0.054 -0.190

e ox fl = x 43 51FR0R 5% 1% B EKF,

Note: * and * * indicate significance at 5% and 1% probability level, respectively.
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Table 5 Coefficients of variations and diversity indexes of drought resistance for wheat germplasms in the test

A8 5 2B Variant coefficien/ % ZREVEFEEL Diversity index
PEAR Trait HE A 7 5l 5 R 7 A 51T
Register variety Landrace Import variety Register variety Landrace Register variety
#E Plant height 11.04 10.20 11.34 1.15 0.90 1.26
FARRFERL Effective tillers 24.67 16.14 40.07 2.19 1.36 2.07
F B NEEEL Effective spikelets 7.83 11.38 10.08 0.85 0.99 1.09
ANZ /B Sterile spikelets 62.70 69.86 58.21 2.50 1.84 1.62
K Spike length 9.69 14.40 9.87 1.00 1.19 1.24
FE T 97K Length of spike neck 15.69 13.87 14.71 1.49 1.07 1.37
FEMFE Inheritance of ear-leaf distance 40.16 39.75 24.51 2.49 1.40 2.18
TR ZL Kernels per spike 17.21 13.85 11.92 1.94 1.03 1.38
FEHI T Grain weight per spike 21.55 28.31 28.47 2.02 1.89 2.01
FHi F 1000-grain weight 11.01 10.94 12.14 1.20 0.98 1.20
FEEE Yield 10.32 41.45 10.20 0.92 1.95 1.28
-3 Average 21.08 24.56 21.05 1.61 1.33 1.52

Ro IMNEMRTRELBRSEREE

Table 6  Averages and standard deviations of morphological properties in different clusters

PER FHE Germplasm

Trait I il m v A
M YIMH Average 78.84 94.00 83.15 83.13 81.55
Plant height CV/% 21.66 26.85 23.02 15.89 16.35
TR I Average 2.78 2.80 2.86 2.69 2.66
Effective tillers CV/% 21.05 22.30 28.69 13.84 21.66
R0 N HI{H Average 15.87 16.07 15.75 16.65 16.89
Effectivespikelets CV/ % 12.16 9.34 11.52 17.45 12.90
AN YI{H Average 1.78 1.13 2.14 1.35 1.65
Sterile spikelets CV/% 64.25 88.38 53.37 72.69 64.08

) YI{H Average 9.97 9.00 9.89 10.15 10.85
FHEK Spike length

CV/ % 16.29 10.94 12.94 19.84 12.81
ERK Y Average 32.01 33.57 30.98 34.21 31.61
Length of spike neck CcV/ % 20.35 32.16 18.20 15.29 15.50
it HI{H Average 13.68 16.13 12.10 16.76 12.97
Inheritance of ear-leaf distance CV/% 33.07 65.84 42.23 31.10 36.77
TR I Average 34.02 30.75 29.59 36.96 35.67
Kemels per spike CV/% 14.73 48.99 24.81 19.28 19.33
TR I{H Average 1.24 0.95 0.97 1.38 1.32
Grain weight per spike CV/% 22.75 24.07 20.74 24.00 22.93
TR (. Average 37.33 37.02 34.10 41.30 39.37
1000-grains weight CcV/% 14.38 8.36 11.61 15.73 13.76
YIH Average 2848.10 2498.24 2403.21 4140.86 3689.13

7 Yeild
CV/ % 13.66 30.96 27.32 25.03 9.04
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PIFP ISR 25 F R AR T R B, 2098 55 1T MR AE A ]
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T3t A Z2 Wk i b b ol {EL R 35 2 R
FEEARXS AR (1. 61) , VAT 7" = if B A0 BT IR+ 5
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