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Analysis of Agronomic Trait Differences and Cluster Analysis among
Wheat Varieties(Lines) in Huang-Huai Wheat Region

YANG Jian,ZHANG Yu’e, WANG Yan, LI Mengda, HU Weiguo, WANG Xicheng,CAO Tingjie

(Institute of Wheat, Henan Academy of Agricultural Sciences, Zhengzhou, Henan 450002, China)

Abstract:In or der to under stand the difference of agronomic traits among different wheat varieties
(lines) in Huang-Huai wheat region, this study analyzed 626 wheat varieties(lines) participated in the
national wheat regional trials in the Huang-Huai wheat region from 2015 to 2023, focusing on seven
traits: heading date, spikelet number, spike length, average length of rachis node, kernels per spike,
plant height, and thousand-kernel weight. The results showed that in the southern zone of the
Huang-Huai Wheat Region, heading date was positively correlated with kernels per spike and spikelet
number; plant height was positively correlated with spike length and spikelet number; whereas no
such correlations were observed in the northern zone. This indicates that dwarf plants with large
spikes coordinated the reduction in plant height with a moderate delay in heading date, possibly achie-
ving stable spike length and increased kernels per spike in the southern zone, ultimately leading to
shorter average length of rachis node. There was no significant correlation between kernels per spike

and thousand-kernel weight, suggesting possible synergistic improvement of both traits. In contrast,
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there is a significant negative correlation between the two traits in the northern zone, indicating a
trade-off between two traits. Significant differences were observed between the southern and northern
zones in spike and plant-related agronomic traits. Longer spikes and average rachis node length, more
spikelets, greater thousand-kernel weights, earlier heading dates, and shorter plant heights were ob-
served in the varieties (lines) from southern zone compared to those in northern zone. Phenotypic
differences were also varied across provinces. Varieties(lines) bred by Henan breeding institutions ex-
hibited the highest thousand-kernel weights and more spikelet numbers, with spike lengths only shor-
ter than those from Jiangsu. Varieties bred by Shaanxi breeding institutions showed highest kernels
per spike. Shandong varieties exhibited the shortest spikes and latest heading dates but were shorter
in plant height than those from Jiangsu, Hebei, and Anhui province. Jiangsu varieties(lines) showed
the longest spikes but the fewest spikelets and longest average rachis nodes. Based on the seven agro-
nomic traits, the 626 varieties(lines) were classified into two major groups, which were further divid-
ed into four subgroups. Subgroup classification was associated with breeding provinces and agronomic
traits. Varieties(lines) in subgroup 1-2 had more spikelet and kernels per spike, and great thousand-

kernel weight. These advantages were mostly inherited from Zhoumai series varieties(lines), which

can be used for genetic improvement of wheat spike traits.

Keywords: Huang-Huai wheat region; Agronomic traits; Different provinces; Cluster analysis
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® % P<C0.01; % :P<C0.05, A:TELR X ;B 8L X ;C:
BB TKW TR T PH Bk &5 5 HD: Jh A0
* %, P<C0,01; * . P<C0.05. A: Huang-Huai wheat region; B: Southern zone of Huang-Huai wheat region; C: Northern zone of
Huang-Huai wheat region. SL.: Spike length; SN: Spikelet number; LRN: Average length of rachis node; KS: Kernels per spike;
TKW: Thousand-kernel weight; PH: Plant height; HD: Heading date.
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Fig. 1 Correlations among seven agronomic traits of wheat varieties(lines) in the Huang-Huai wheat region
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Table 1 Comparison of seven agronomic traits between wheat varieties from southern and
northern zones of Huang-Huai wheat region

Ptk S-H4{H +FRUEZE Average = Standard deviaties ﬁ\:}[l‘ﬂﬁi}_ %Wﬁ)}_ F P fi
Trait anance vanance F value P value
M} Southern it ) Northern between-group within-group
S 9.8140.43 9.67+0.31 2.70 97. 45 17.27 3.69X107°
Spike length/cm SOR R SR : - : :
gpiké{:j%jfmber 21.9540.70 21.3040.57 58.78 270.11 135. 80 1.56X10 %8
- X A
Average length of 4,50+0. 02 4.55+0. 2.39X10 % 0.14 10. 34 1.37X103
rachis node/mm
e
Kernjﬂ*;:eff’[%pike 57.6042.90 54, 7542, 8¢ 1125.32 5166. 45 135. 48 1.82X10 %8
R A
Thousand-kernel 53.23+2.71 52.0142.75 205. 65 4 611.65 27.69 1.96 X107
weight/g
Plant hc;ﬁgjht/cm 71.58+3.28 74.5743.09 1 227.40 6 313.00 118.79 2.12X10°%
i -
4D 15.96+1.05 16.30+0. 97 16. 25 652.12 15. 55 8.93X107°

Heading date(April)

FAIWIE D 4 A E . 015 o8 4 A 15, B 2~& 5 FF 2 [,
The heading date values are in April, ie. 15 represents April 15. The same in Fig. 2—5 and table 2.
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Letters above the bars at each bar chart indicate significant differences among phenotype values for each province at 0. 05 level. The

same in tables 3 and 4.
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Fig. 2 Analysis of variations in agronomic traits among wheat varieties(lines)

from different provinces in the Huang-Huai winter wheat region
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Fig. 3 Analysis of variations in agronomic traits among wheat varieties( lines)
from different provinces in the southern zone of Huang-Huai wheat region
S e 2 I ¥ e - N o N B
2.3.3 HEEXZRILAFRE AR EREHEKEF PR E R Z . IR E RS e A X

RS /BRI R A REORL AR TR
A BRI A B 2 X (AL RO 4 A 1 2/ & i
P (RO BB AAFAE B35 22 50 (B o) . AR RAEA
(7 A8 073 ) A 00 28] J 2 22 e 22 4004 7 R PR 3B 7/
22 R CRO B BR o 0 38 8 TR L L AR ST E 4
B AL/ N iR () Z T8 T i 2 22 5 (181 4)
2.4 FRSARBPREBEETNERT(R)
MR Z MK S

TETA 2 0 1 A2 DX/ 2 DXt 46 9 i il
CFO TR LR B 22 =8 7 Pl 52 B ATl Ao
(RO il s, A St ik, Jr 224>
B 2R L7 T vl 1 Rl B 2 0 B 9 2 IR ik
56 it il R0 Bl Fif GO /N BSCRITREAE BT 2 E 4
B 2w T2 A v R B A (RO L F 2 B

A DX 1 i Al (RO TR FERE S - 2R Y 1<
FEORLA  TOREEE PR e A BRI 2 ARG I B
Ze 5 A0 R KA Ah (GO BNV R R % 2 T
Fr XA S A (R o LR ML S B A X
R DAY il (RO S e i XK A A R (D
TE R BRI AR o A7 7R 0 10 35 1Y 22 5 o S vl
Fr DI B (RO H AT B2 22 1 BRSO B A1 119 ok
L AR TR EERGR 2,
2.5 AREMERM(R)HRBESH

BT LR 7 AR ENAR DA ST 626 13
ANFE R (RO 73 A R IERE 4 AR (B 5) et
1 2 20 i o T 22 DX R P v o T i R 1 Y )
A2 hh R (RO s 2EE 2 0 32 B4 455 i 2 XL 7 A/
A Bl (RO RLEOR A TLH R B /N fh A (R .



51 B G4 B A XN B R (RO AR MR 22 3 il BT B 2R 36 43 .« 73 -

10.4 22.5 4.8

Y
>

a a a a a a
102 . » . 2 . L a7 N a L5 1 o
10 5
égs 1 €215 #5846 7% :
wd 5 5 E53 Fas
@5 96 235 21 BgE4S éﬁ;sz
2 94 ~E &5 b
= 7,205 g 8544 g 50
w 9.2 w0 Z8 v
o 20 43 48
8.8 19.5 4.2 46
WE WK W "M We WK Wit "W W WK Wit "W W WK Wit "W
Henan Shandong Hebei Anhui Henan Shandong Hebei Anhui Henan Shandong Hebei Anhui Henan Shandong Hebei Anhui
4443 Province 44 Province 44 Province 44} Province
58 82 17.5 a a
50 a a a a
56l a a a 80 ab 17
-é" 54 g 78t b g 165
8 E
- 52 =76 =g 16
'S =
A5 50 zg% 74 £3 155
3 s tn %-E‘n 15
3 E g
g 46 & 70 5 145
g w4 68 14
2 66 13.5
W WK W el WH WK Wik R WHE WK WdE R
Henan Shandong Hebei Anhui Henan Shandong Hebei Anhui Henan Shandong Hebei Anhui
44} Province 1% Province 443 Province
B4 BEZXIEFABEMREETHNZRM(R)KREERZRSW
Fig. 4 Analysis of variations in agronomic traits among wheat varieties(lines)
from different provinces in the northern zone of Huang-Huai wheat region
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Table 2 Differences in seven agronomic traits between wheat varieties(lines) bred by breeding institutions from
difference provinces in the trials of the southern and northern zones of the Huang-Huai wheat region
B N S AR 1E 2 Average Standard deviaties 21 I‘Eﬂjfﬁ {lﬂlj‘]ﬁf F i Py
Province Trait Variance Variance F value P value
¢ A Southern Jbt i Northern between-group  within-group ¢ ©
T B Tk Spike length/cm 9.81+0.37 9.8440.31 0.01 38. 24 0.07 0.79
/NEEEL Spikelet number 22.0940.65 21.48+0.67 6.75 121. 44 15.78 9.04X107°
S 2y R A
Average length of 4.48=+0. 14 4.58+0.12 0 0. 05 9. 30 2.5X107°
rachis node/mm
g K
R . 57.94+2.83 55.36+2.75 123.59 2 256.82 15.50 1.04X10"
Kernels per spike
, 5 2 52 2.35 2 04 55
Thousand kernel weight/g 53.70+£2.71 52.70+2.35 18.38 042. 00 2.55 0.11
Bk Plant height/cm 70.8242.92 74.17+3.15 207.78 2 349.49 24. 14 1.54X10°°
HhEEL (4 A) Heading date(April) 15.97+1.08 15.80+1. 20 0.50 335.56 0.43 0.52
7% T K Spike length/cm 9.72£0. 44 9.60£0.30 0.15 12.92 1.55 0.22
. NREA 21.58+0.70 21.214+0.56 1.62 43.11 4.97 0.03
Spikelet number
RECL L RER i
Average length of 4.51+0.01 0.45+0.01 0 0.09 0.02 0.70
rachis node/ mm
TR . 55.44+3.17 54,86+3.01 3. 86 1 201. 21 0.42 0.52
Kernels per spike
THLE . , 52.07+2.39 51.87+2.84 0.48 1031.13 0. 06 0. 80
Thousand-kernel weight/g
KR Plant height/cm 72.83+3.18 73.89+3.08 13.27 1 246.82 1. 39 0.24
HEY (4 H) Heading date(ApriD 16.21+1. 06 16.54+0. 71 1.31 73.62 2.35 0.13
g K Spike length/cm 9.81+0.37 9.78+0.43 0 8.78 0. 04 0. 84
. MR 21.63+0.73 21.274+0.53 0.69 32.43 1. 36 0.25
Spikelet number
R K
Average length of 4.54+0. 14 4,.59+0.12 0 0.01 0.57 0. 46
rachis node/mm
*’"“_*\7‘;‘5& . 56.79+2.29 52.97+2.23 79.56 334.92 15. 20 2.34X107"
Kernels per spike
o~ AL . . 52.38+2.83 51.55+4.37 3.79 55.35 0.43 0.52
Thousand-kernel weight/g
Bk Plant height/cm 73.81+2.92 77.33+2.5 67.67 532.68 8.13 5.85X10°°

A (4 A) Heading date(April) 15.8841. 04 15.71+1.51 0.15 75. 27 0.13 0.72
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Fig. 5 Cluster analysis and heatmap of agronomic traits of 626 wheat varieties(lines) in Huang-Huai wheat region
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