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Screening of wheat cultivars with high nitrogen efficiency
using principal component analysis and cluster analysis

ZHANG Zihao?, LI Xiangcheng', WU Haotian®, FU Penghao®,
GAO Chunbao', ZHANG Yunbo?, ZOU Juan'’

(1.Institute of Food Crops, Hubei Academy of Agriculture Science, Wuhan, Hubei 430064, China; 2.College of
Agriculture, Yangtze University, Jingzhou, Hubei 434025, China)

Abstract: In order to screen out nitrogen-efficient wheat cultivars, 34 wheat varieties were used as raw materials by use
of principal component analysis and cluster analysis to comprehensively evaluate nitrogen utilization efficiency. The field
experiment was carried out in Zaoyang City, Hubei Province, from November of 2018 to May of 2019 and from
November of 2019 to May of 2020. The results showed that there were differences in nitrogen efficiency indicators and
yield among different wheat cultivars, and the coefficient of variation was 12.40%-37.32%. The first two principal
components of the two growth cycles were extracted by principal component analysis, and the comprehensive score of
nitrogen efficiency was calculated. In the first studied period, the rotation eigenvalues of the first principal component
and the second principal component were 3.376 and 2.068, cumulatively reflects 90.73% of the information of the
original variable. In the second studied period, the rotation eigenvalues of the first principal component and the second
principal component were 4.290 and 1.327, which accumulatively reflect 93.61% of the information of the original
variable. The comprehensive score of nitrogen efficiency of wheat was positively correlated with yield, and the higher the
comprehensive score of nitrogen efficiency, the higher the yield. With K-Means cluster analysis, we could pick out the
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seven varieties with stable nitrogen efficient: Anong 0711, Chuanmai 104, E-mai 18, E-mai 006, E-mai 580, Fumai 1228

and Huamai 1168.

Keywords: wheat; nitrogen efficient; nitrogen fertilizer utilization; cultivar screening; principal component analysis;

cluster analysis
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1 MR5EE
1.1 RIEHb s AR

KIS T 2018 4F 11 H—2019 4E 5 A . 2019 4F
11 J—2020 4 5 H7E#idbA EBHTT R WX A
(31.99°N, 112.7°E)i17. KN HREK &
220.9 mm, EXPERRR% 887.5 h, H < 11.6
Co 34 ML FP LR 1,

*1 SAmMESREIR

Table 1 Numbers and names of the studied raw cultivars

W i Py pa R g W pa

c1 %} 4 DH16 C10 Hh3 27 C19 T 22 c28 3 D31
c2 4 0711 c11 R4 352 C20 T 13 c29 7 15
c3 24k 1124 c12 B3 580 c21 #% 188 C30 7% 16
C4 JIIZ 104 C13 %h3 596 c22 P 979 c31 ¥ 20
c5 %k 170 Cl4 i 1228 c23 KE8E C32 % 23
Cé Hh 18 C15 1S C24 25 C33 119
c7 %k 006 C16 £ 1168 C25 35 C34 HZ 9023
cs Hh 23 C17 137 2566 C26 257 55

c9 ¥ 251 c18 Wi 35 c27 57 62

1.2 Rt

KRR ZBEVLIX 4Tt 435 2018, 2019
AF 11 HWIR/INXBEFILERE, 25 2 4F 5 Ajik
o FRRRETLATLS EE 0 ~ 20 om A, I5E +1%
Feoy i BRI 2,4/ NX it U 180 kg/hm?,
FENE . SO ACRRERT LR 7« 3, AR THRERh T
FH, S IEE T, #50E(P,0s) 78 kg/hm? . £ (K,0)

®2 TEHEHEAKRR

Table 2 Basic soil nutrient status

Al LA MR HUKE AP oH
(gkg™)  (mg-kg™) (mg-kgh)  (g-kg?)
2018 18 243 106.7 201 6.7

2019 15 20.7 117.1 20.6 6.6

42 kg/hm® AT IEIE . DA EIE S %t B, 3
WEE . VRS T. DX 20 m?, Fiftss
JEh 240 JiRRINM? o HAHR S it Ko U B
[ — M K H
1.3 MZEmMBRFGE

BCRG, AEAS/NX AL 1 m AR, FREUE
PRt 3B 25 B AR . BUSEAEME T 70 C
TRV TR T = E T, B A4 A shin ik
2 HHX (Clever Chem 380 G)IlE &% 4% B 1Y & A
o A/INKESEFT S SRR [L2) 3BT
R, HERERRR; FIEAReR . ZICWE
FEHT L FAEFEA R AR R A P R LR A
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WATIA
A=(Y = Yo)/M (1)
P=Yo/M @)
N=(U — Ug)/Mx100% 3)
V=(Y = Yo)/(U - Uo) 4
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B, Ug AR AR AR R,
1.4 HIEAE

F AR Z-score #EATRRIEILAL
H; R K-Means #1701, KIEE N 3; K
JT Excel 2016, IBM SPSS Statistics 25 #1744
¥, izJH GraphPad Prism 9 2[5,

2 HR55H
2.1 ARMNEEMHE 2R BRI ER S
M 3 AL, 34 A/INAE SRP i = e SRR
RETFEAMAAE 25 5. 2018 4F 11 H—20194F 5
A, SRR E R 12.40%~37.32%, H
RNCA RN S R A(37.32%) R, AR A HEK
FREHR, PR AR R 50(12.40%)F )N, 2019 4F
11 H—2020 45 A, 5% R%Ch 15.70%~27.33%,
HA B AR AL 5 2 50(27.33%) ok, AR
SRR, MR R R RN EBR(E],
BRI S R — e R 25, 5 2018
4 11 H—2019 4F 5 FAHLE, 2019 4F 11 H{—2020 4
5 Himr i MREERE . R AR ER . A
HEAR A= 7= 3 RN 8B 3 WA 2 28 S R g, 1
TR 11.94%~49.84%; FNEA FRCRFNA AR HIAK
BN AR S R B350 TR T 26.77%7H1 24.51%
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Table 3 The statistics results of yield and nitrogen efficiency of the studied wheat cultivars

i TR AR R E PR R R AL ERCR
EEH Hy it/ 5 i) 5 s/ S s/ 5
(kg-hm) FEU% (kg-hm?) FEU% (kg-hm™) FEU% (kg-hm™) FEU%
2018 4 11 H % 2019 4 5 H 5341.20+662.00  12.40 147.20+20.00 13.58 115.60+16.70 14.43 11.10+4.10 37.32
2019 4F 11 H = 2020 4% 5 H 5043.40+937.20  18.58 139.30#21.90  15.70 113.80+20.00 17.53 11.60%3.20 27.33
- AR ) LA REAEHHCE
#fti/(kg-hm?) ARRRU%  WEI(kghm?)  ERRRU%  WHIkghm?)  AERRE%
2018 4 11 H % 2019 45 A 30.00+3.90 12.90 41.7049.20 22.00 26.3046.90 26.44
2019 4F 11 A % 2020 4E-5 A 28.00+5.20 18.56 37.10+9.10 24.63 31.60+6.30 19.96
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Fig.1 Screen plot of PCA of nitrogen efficiency index of different wheat cultivars
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(I BTHR A/ IN e NFE 4 AT DL Y, 2018 4 11 1 —2019
5 H, B—Fa FLRHEMY 3.376, DIHkR N
56.27%, M, MMRA R EE | PR AR R,

RO A 7= S R A R A s (e kG 26
TR F2 (ARIE(E A 2.068, TiRKE N 34.46%,
o) I A 27 R TR 2 AR AR I B (34
K, HER J5 i (53514 0.926 F1 0.960, 2019
4F 11 H—2020 4F 5 A, H—F 5 FL FFIEEN
4.290, TUHRFN 71.50%, Hi, HRARHEE .
FRIA R R . ARERE . B T
RINLFAHZ W DTSR 5B F2 1Y
FRIE(E R 1.327, BTRkRN 22.12%, HAREAH
BRI ERR, el 5 T 0.995,
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Table 4 Rotated eigenvalues, contributions, cumulative contributions, and component loading value of PCA

Bl e
2 =R 4 = ez = 5 e > = = Evns ﬁﬁ‘ﬂ(’z‘f‘:/ ;%‘ﬁ_
EEM B mBREE  FRAE  RIR¥ RIEGR  UEFRM AR RFIEE T T e
BRE B S e Nl S
2018 4F 11 A F1 0.974 0.969 0.351 0.843 0.798 -0.135 3376 56.27  56.27
F 201945 H F2 -0.107 -0.061 0.926 0.326 0.401 0.960 2068 3446 90.73
20194F 11 A F1 0.986 0.935 0.838 0.934 0.932 -0.046 4290 7150 7150
£ 202045 7 F2 -0.085 -0.084 0.454 0.278 -0.197 0.995 1327 2212 9361

2.2.2 RABFEZROFNBEZEHN

RS BT TR, IR 2 MR
JIIN AN/ NAE R RBCRER G100 (F) R KL,
i, 2018 4F 11 H—2019 45 A, F =0.562 68 F1+
0.344 63 F2; 2019 4F 11 4—2020 4% 5 | ,F =0.714 96

F1+0.221 18 F2, 13 5 7] %1, 2018 4F 11 H—2019

72 104, P4k 979, KPZZ 119, BFA 006, fE77 1168,
TRAE 18, T 13, AR 0711 5 18 A/NE b,
2019 4F 11 H—2020 4 5 H, F>0 My5hFhA I
104, %R7 580, %hF 18, F 62, e 25, 4
2566. R4 251, WA 170, k7 1228, %3 006
4516 MR

ES5H, F>O0 s 1128, S04 580, )i
#5 il IERMAHEREIHNGEITN LT
Table 5 Principal component comprehensive evaluation and ranking of nitrogen efficiency of the studied wheat cultivars
AH M i F1 F2 F HEF AHM di F1 F2 F HEF

20184F 11 H C1 -1597 088  -1.204 33 2019411 H  c1 -0.047  -0.247  -0.088 18

£ 2019451 c2 -0.110 1.384 0.415 10 || 20204E5H 2 0.365 0.150 0.294 15
C3 -1.892 0.863 -0.767 30 C3 -1.024 -0.314 -0.802 30
C4 1.927 -0.395 0.948 3 C4 1.382 1.408 1.299
C5 0.322 -0.701 -0.061 21 C5 1.076 -0.305 0.702
C6 0.279 1.010 0.505 C6 1.419 0.389 1.100
Cc7 1.134 0.132 0.684 Cc7 0.639 0.072 0.473 11
C8 -1.828 -0.797 -1.303 34 C8 —0.744 0.558 —-0.408 23
C9 -1.125 0.045 -0.618 28 C9 1.253 -0.355 0.817 7
C10 0.437 -0.555 0.055 17 C10 -1.139 -0.382 -0.899 31
C11 0.347 -0.279 0.099 15 C11 -0.129 2.134 0.379 13
C12 0.558 2.475 1.167 2 C12 1.652 -0.291 1.117 2
C13 0.445 -0.749 -0.008 19 C13 0.758 -0.752 0.375 14
Cl4 2.051 0.350 1.275 1 C14 1.059 -0.398 0.669 9
C15 -0.789 -0.760 -0.706 29 C15 -1.444 —-0.956 -1.244 32
C16 1.814 -1.070 0.652 7 C16 0.615 0.128 0.468 12
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Coy= ] At F1 F2 F Hey AEW sl F1 F2 F HeF
20184E 11 1 c17 0.191 -0.419 -0.037 20 20194F 11 71 c17 1.246 -0.281 0.828 6
2019458 cC18 -0.359 -0.183 -0.265 24 ||E 2020458 cC18 -0.353 -0.344 -0.328 20
C19 0.985 -1.205 0.139 12 C19 -0.345 —2.117 -0.715 28
C20 -0.242 1.841 0.499 9 C20 -1.700 -0.202 -1.261 33
c21 -0.463 1.133 0.130 13 c21 0.386 1.406 0.587 10
c22 1.277 0.502 0.892 4 c22 0.202 -0.474 0.040 16
c23 -1.258 -0.677 -0.942 31 c23 -1.340 1.739 -0.573 26
C24 0.163 -0.162 0.036 18 C24 1.398 -0.521 0.885 5
C25 0.094 -0.587 -0.150 23 C25 -0.667 1.997 -0.035 17
C26 -0.606 -0.580 -0.541 27 C26 -0.869 2.275 -0.118 19
c27 0.148 -1.701 -0.503 26 c27 1.246 0.107 0.915 4
c28 0.313 -0.250 0.090 16 C28 -0.762 -0.113 -0.570 25
C29 -0.700 1.475 0.115 14 C29 -0.290 -0.845 -0.394 22
C30 -1.034 -1.413 -1.069 32 €30 -0.653 -0.825 -0.649 27
c31 -0.563 0.511 -0.141 22 C31 -1.572 -0.891 -1.321 34
C32 -0.354 -0.550 -0.389 25 C32 -0.190 -0.935 -0.343 21
C33 0.883 0.618 0.710 5 C33 -0.731 -1.082 -0.762 29
C34 -0.450 1.578 0.291 1 C34 -0.698 0.270 -0.439 24
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Fig.2 Scatter plot of yield and N efficiency score
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*6 Ml IERMETIHZRESTINRELERRRLF D

Table 6 Clustering results and clustering centers of tested wheat cultivars based on comprehensive score of nitrogen efficiency

=i Bl Hh AT R
20184F 11 A &fk#A C1. C3, C8. C9, C15, C23, C26, C27, C30 -0.85
% 20194E5 H &P C5. C10, Cl1, C13, C17. C18, C19, C21, C24, C25, C28, C29, C31, C32, C34 -0.01

B C2, C4, C6, C7, C12, Cl4, C16, C20, C22, C33 0.77
2019 4£ 11 1 4% €3, C10, C15, C19, C20, C23, C28. C30. C31, C33 -0.88
% 20204FE5 1 A C1. C8. C18, C22, C25, C26, C29., C32, C34 -0.23
A=A Cc2. C4, C5. C6. C7. C9. Cl1. Cl12, C13, Cl14, Cl6. C17, C21. C24, C27 0.73

RIEPLTES 4 RERFIEL.

®7 TRRBNZRTHERZETD M~ EBHGITER

Table 7 Comprehensive score of nitrogen efficiency and descriptive statistics of yield of the studied wheat types

F PR (kg-hm™)
AFM - N — X N —
AL A AR ER Ak ENET )

2018 4F 11 J1 5 2019 4E 5 J1 (~0.85+0.29)C (-0.01+0.17)B (0.77+0.29)A (4598.90+488.20)C  (5325.80+345.40)B  (6032.30+357.40)A
2019 4F 11 F & 2020 4E 5 ] (-0.88+0.29)C (-0.23+0.18)B (0.73+0.30)A (3961.90+505.90)C  (4795.60+373.00)B  (5913.00£375.90)A

FORRBREEEIY s Wl —8hR A TR 7B 7R 22 57 AT G273 3L (P<0.01).

LA 2 BRI R, S 2 AEARE T
R/ N A 4% 0711, JI[ZZ 104, R4
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O NI . AT AN iR
KNESE AANIRE . ATTHE PO AR > 1 o hwifi
PRI RSy, SSERIN TR AT, W E
T 30 AFRSER R AR . 45 AR
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2 ANFESy, LAIERE G I 7 22 STk A 454
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