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Genetic correlation analysis between characters and
low nitrogen tolerance of wheat at seedling stage

HU Chengmei, LIAN Ying, CHENG Pengfei, NIU Yinquan, CHEN Yaoyu, YAN Huishu,

SHI Yugang. WANG Shuguang. FAN Hua, SUN Daizhen”
(College of Agronomy, Shanxi Agricultural University, Taigu 030801, China)

Abstract In order to study the genetic correlation between the characteristics of wheat and its resistance to low
nitrogen at seedling stage, 24 wheat varieties were cultured in water under the conditions of low nitrogen (0.4 mmol/L)
and normal nitrogen (4 mmol/L), respectively. At four-leaf stage. twenty-three nitrogen efficiency indexes, such as
plant height (PH) , root length (RL) and root number (RN) were measured. The low nitrogen tolerance indexes were
used for principal component analysis, and the comprehensive evaluation value (D) was calculated by membership
function method. Low nitrogen tolerance varieties were screened by systematic clustering. At the same time, the
genetic correlation coefficient and heritability of nitrogen efficiency related traits were combined to determine the index
of intermediate selection traits in breeding. The results showed that: 1) The 24 wheat varieties were divided into three
types, e. g. low-nitrogen, middle and low-nitrogen-sensitive. The varieties with low nitrogen tolerance included
Changwu89 (1) 3-4, an 85 zhong 124-1, ShanR8093, Pingyang348 and Changleb. Low nitrogen sensitive types
included Hanxuan12, Baigimai, Yannong19, Shan225, Jinmai33 and Zhongda91-pin9. And 13 other varieties belong to
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intermediate type. 2) Under low nitrogen stress (Tiller number) TN, (Leaf width,) LW, (Root fresh weight) RFW,
(Straw fresh weight) SFW, (Plant fresh weight) PFW, (Shoot nitrogen accumulation) SNA, (Plant nitrogen
accumulation) PNA and low nitrogen tolerance comprehensive evaluation value (D) genetic correlation, environmental
correlation and phenotypic correlation reached significant or extremely significant level. The genetic correlation,
environmental correlation and phenotypic correlation between (Leaf area) LA and (Straw dry weight) SDW and D value
under normal nitrogen treatment were significant or extremely significant. 3) In the breeding process, LW, RFW and
PFW traits were selected under low nitrogen condition; Under the condition of normal nitrogen supply, the selection of

LA, (Plant dry weight) PDW and (Root nitrogen accumulation) RNA showed better effect on the selection of low

2020 4F 55 25 %

nitrogen tolerance of wheat, and the selection efficiency was higher.

Keywords wheat; low nitrogen tolerance; genetic correlation; heritability; comprehensive evaluation value
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Table 1 Twenty-four wheat materials tested in this experiment

i # K G P

Code Name Code Name
1 SALGEMMA 13 2 85 1 124-1 An85zhongl24-1
2 4 5F % Baiqimai 14 Jt 5 10 5 Beijingl0
3 WM /N Cangzhouxiaomai 15 E & 5 %5 Changle5
4 £ 6878 Chang6878 16 Kt 131 changwul3l
5 K 89(1)3-4 Changwu89(1)3-4 17 i R8043 ShanR8043
6 % 12 Hanxuanl2 18 £ 3 5 Hanxuan3
7 21 1% Hongheshang 19 2T B 4 5 Hongliang4
8 3 33 Jinmai33 20 Ik 20 Jingxuan20
9 I3k 25 Jingxuan25 21 &5 2 5 Luohan?2

10 SE-BH 348 Pingyang348
11 1K 91-4 9 Zhongda91-pin9

12 WEZ# 18 Huaimail8

22 B 225-9 Shan225-9
23 B R8093 ShanR8093

24 M4 19 %5 Yannongl9

®2 EREFRKREAS

Table 2 Elemental components of normal nutrient solution

Kotk % i / (mmol /L) B SE % 8 / ol /L)
Macroelement Concentration Microelement Concentration
KH, PO, 0.2 H; BO, 1
MgSO, « 7TH, 0O 0.5 (NH,)sMo; Oy, * 4H, 0 0.1
KCl 1.8 CuSO, *« 5H,0 0.5
CaCl, 1.5 ZnSO, * 7TH, 0O 1
(NH,),SO, « H,O 1 MnSO, « H,O 1
Ca(NO;), « 4H,O 1 Fe « EDTA 100

1.3 MEIBRKRFE

I I A o 5 AT 5P BE AL IR 5 Bk L T H
7= Chlorophyll Meter SPAD-502 %I M- &% & M 2 {X
A3 AE N 2R AR B TRER A — Fr o8 A R R I Y
SPAD fi. #%Jm W %E #k & (Plant height, PH) 4R
K (Root length, RL) .M K (Leaf length, LL) finf
7% (Leaf width, LW), 4¢3ty BE%k ( Tiller number,
TN) R 25 8 (Root number, RN) , PR Bk 5> K
AR R AR . T oy 2 — ROF BR R i
(Root fresh weight, RFW) F1 2£ i} fif & ( Straw
fresh weight, SEW), 8k J5 70 Sl 1€ 105 C F R ¥
30 min, 70 °C '~ #t {5 &, I %€ M2 T & (Root dry

weight, RDW) 1 2% i} + & (Straw dry weight,
SDW) , Hf /N2 i+ B F0 25 v 5B Ry S,
6 45 B B Ak 4r BN bR E B AR A IR e
H, SO, « H, O, {78 i 4 7 08, 75 38 5 2 i i L IS
FE R 3 ) I 25 i AN AR &l &R & & (Shoot nitrogen
concentration, SNC; root nitrogen concentration,
RNO),
1.4 #AXIERITEFTET

TH Bk B8 B (Plant fresh weight, PEW) = i &
i+ 2K i i

H KR AT 5 ((Plant dry weight, PDW) =48 F

2R
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MR (Leaf area, LA) =0} X M58 X & 1E &
HC0. 75 5 i Ry R R T S 2 — e 4 R TT I

& I (Root/shoot ratio, RSR) = F & /2%
mE
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PNA) =HREARXMNER +EHARXHN RS

WA E F] A % % (Root nitrogen utilization
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22t & F FJ % % (Shoot nitrogen utilization
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T Bk A& A 3k & (Plant nitrogen utilization
efficiency, PNUE) =itk + &/ Mtk A X H &
1.5 H|SM
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2 HRE5SMH
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ERBER

M3 3 7 I, % RSR., SPAD, RNC, SNC,
RNA,SNA,PNA,RNUE, SNUE # PNUE 10 4~
PEARAI, HoAth R 7 JE PR AU 22 [0 (1) 22 57 359 38 I 3% o
Wt 2K 5 B A IR AE 2 Fb BUIE K P 22 18] 1Y 25 7
Bk 8% 2 K. 23 A ERCEAH SR TE
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Table 3 Genotypic differences of nitrogen efficiency-related wheat traits in seedling stage under two nitrogen levels
A Low-N 1E % A Normal-N F ¥ F test
(LN
i i Ml ERER/U B W ERRE/Y OEHE ERAY
Variation Mean CVv Variation Mean CVv Genotype N level
PH 10.60~24.70 15. 65 16. 24 11.10~32. 20 19. 82 20.03 3.14" 46,94
RL 12.60~63.10 34.71 25.05 12. 60~65. 20 30.76 28.49 3.88™ 18.30™
RN 4.00~15.00 8. 96 20. 68 4.00~22.00 12.07 22.52 5.80™ 141. 00"
TN 0.00~8. 00 1. 64 78.48 0.00~9. 00 3.79 44,12 3.597 140. 93"
LL 5.20~16.50 9.69 22.91 7.70~21.80 13.53 22.19 5.68" 142.99™
LW 0.20~0.70 0. 44 17. 08 0.35~0. 80 0.57 14.51 2.12” 76,747
LA 1.17~6.08 3.20 27.83 2.55~12.00 5.75 28.29 2.49" 167.23™
RFW 0.20~1.07 0.61 30. 70 0.47~1.56 0. 89 26. 08 4,24 59.67"
SFW 0.32~1.18 0.62 24.57 0.86~3.28 1. 60 29.45 1.84" 141. 33"
PFW 0.53~2.12 1.22 25.02 1.50~4. 83 2.49 24.17 2.28" 185.09™
RDW 0.04~0.12 0.07 22.93 0.05~0.13 0.09 21. 20 3.11°7 17.60™
SDW 0.08~0. 20 0.12 21.22 0.15~0.43 0. 24 23.85 1.82" 168. 34
PDW 0.11~0. 31 0.19 20. 60 0.21~0.55 0.33 21.81 2.30" 134.13
RSR 0.44~0. 80 0.63 15.19 0.24~0.51 0. 37 16.73 1. 00 187. 44
SPAD 21.60~36.90 29. 20 13.67 40.90~57. 80 49.02 6. 89 1.59 746,38
RNC 4.19~16. 06 8. 56 21.52 9.11~26.58 15.76 20. 17 0. 98 142.00™
SNC 10.48~22.72 15.58 19.32 17.40~51.47 30. 50 21.15 1.41 154. 44"
RNA 0.32~1.39 0.61 31.16 0.60~2.92 1. 38 33.06 1.71 104.49™
SNA 0.90~3.18 1.79 26.47 3.21~11.18 7.24 27.74 1. 06 236.73"
PNA 1.22~3.91 2.40 24.70 4.46~13. 36 8.61 26.09 1. 11 227.39"
RNUE 62.27~238.47 122.38 22.95 37.62~109.79  66.05 20. 56 1. 08 176.26™
SNUE 44.01~95.45 66.45 18.50 19.43~57. 48 57.48 12.41 1. 20 196. 27"
PNUE 50.18~113.62  79.83 16. 34 23.14~59.57 38.90 17.93 1.01 193.47"
T ex FORIE 10 R FKT . » FIRik 5% BERT.

Note: #* indicates the significance at 1% level. % indicates the significance at 5% level.

23 DERIREE AL 5 A E IS R SR H R
FFBTHRR A 90. 311 %, EL3EAA & T S M BHH K
A5 B, R 5 3 I Hb S LRE (AR T

Mk 4 ] LLAE 5 — F s RPHLURRL,
RTN.RLW.RLA.RSFW ,RPFW,RSDW RPDW
RRNA . RSNA Hl RPNA 12 4~ bk b 5 5% i 435 K¢
XoF I A R AE B R 10, 794, BTERZE Ky 46. 931 %0545 —
F 543 # RLL.RRFW ,RRDW F1 RRSR 4 >tk

The same below.

Xof LB Wi 55 A, X N 8RR AE A R 4. 301, BT EK R K
18. 699%; %/ = +* bk 53t RSNC, RSNUE 1
RPNUE 3 AR % HE 5% i 458 Kk, 6 R 109 R iF 18 Ky
2. 744, STk A 11, 931 % 526 DU 3 540 H RRNC F
RRNUE 2 A~ bR % 52 mi 55 A, % 0 A R AiF (B Ky
1731, 5Tk RN 7. 527 % ; 55 1 E 1 RRN A
RSPAD 2 A~ R 6 JH 5% i B8 K, % 07 1 48 AF 18 K
1.202, 7 25Tk N 5. 224 %,



16 O A K R it

2020 4F 55 25 %

x4 METEHEAEREXERBOERS S

Table 4 Principal component analysis of nitrogen efficiency related wheat traits at seedling stage

AR H¥ 1 AT 2 3 7 4 HF 5

Trait Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
A #E R RPH 0.555 —0.536 0.196 0.352 —0.093
AT ALK RRL 0.815 0. 307 0.163 0. 140 —0.007
AHXF AR 5% RRN 0.204 0. 544 0.219 —0.322 —0.624
A3 BEEL RTN 0. 824 0.283 0.115 0.138 0. 020
ARSI RLL 0.374 —0. 649 0.441 0.188 0.195
A% AL RLA 0.728 —0.338 0.376 0.230 0. 080
AH XA i B RRFW 0.518 0.751 0.048 —0.104 0.163
X £ B RSEW 0.911 —0.105 0.268 0.123 —0.171
A HE Bk 5 EE RPEW 0. 898 0.283 0.182 0.075 —0.049
XA 8 RRDW 0.577 0.731 —0.103 —0.169 0.161
A 22 i RSDW 0. 950 0.105 0. 149 0.028 —0.120
A XT AR T F RPDW 0. 909 0. 339 0. 090 —0.021 —0.032
X AR 7 e RRSR —0.321 0.741 —0.279 —0. 264 0.333
XA FE &5 RRNC 0.481 —0.546 0.273 —0.582 0.176
A 25 2 4 B RSNC 0. 590 —0.269 —0. 744 0.016 —0.010
AR A R 4 RRNA 0.753 —0. 002 0.192 —0.553 0.255
A ZE A Z L 2 RSNA 0. 884 —0.116 —0.415 0. 057 —0.122
AT MR A R R RPNA 0.921 —0.108 —0.343 —0.056 —0.075
A AR 48 2 A 2% RRNUE —0.437 0.571 —0. 257 0.581 —0.158
A X AH Bk A R I H A0 RPNUE —0.593 0. 442 0. 642 0.130 0. 005
FRAE{E Eigenvalue 10. 794 4.301 2. 744 1.731 1. 202
Tk %/ % Contribution 46. 931 18. 699 11. 931 7.527 5.224
24t 51k # /% Cumulative contribution 46.931 65. 630 77.560 85. 087 90. 311

MR 25 35 5o 19 DX 16 S 4% 48 A 19 T IR &L 9
B AR S B (B AT RME Co) . RIG
HR A 28 7154008 o i 3K (2D TR s g A 356 PR Y g S
J& PREE U (o) o FEARE 25 32 140 o1 Bk 2R 1 K/ S
KOMHSHEFHRE. 5 AT 1 AE S5
7 0.516.0.214.0.127.,0. 085 F1 0. 058; F] =, (4)
THE A i PR A 0 T AR AU PR 28 B PE A B (D) L D
B R 4 Y G i IR R0 BB 0 i (56 5)

FIH D A ECHE R FH 4 18] 36 22 2 - DA RK TG HE 8
XF 24 fy /N R A RS EME T R R K

BrogE LR 1, fERR R BE B o 15 I oK =ik iy 24
13 7INFZ b Bl B B 3 286 BTt 6K 2R 78 vl ) 28 ARG R A
AL, TR 5 ARl (29 200 8300 Hop K
R 89(1)3-4 LEA T (D) fic i a5 81 0. 708, Hik
hEE 85 H 124-1, B8 R8093 .- FH 348 FIE 4k 5 5,
e T AP ZAF X B0 1 o o 5 I B BUR S A 6 4 o Ao
(2590) , 543 12 ZE G PP 5 AR, R 0. 159, ok oy
H 353 AR 19 5 B 225-9 8 2 33 FIdh ok 91-44
9, Ja T I R0 R XT38 22 1t s T L A% 1 0 D )& T rh
[ 7 (24 54.17 %),
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Table 5 Common factor score C (x) . membership function U (&) and comprehensive
evaluation value D of 24 wheat varieties
%5
Code C(D C(2) C(3) C4) C(5) U U(2) U3 U4 U(5) D
1 —0.513 —0.082 —0.057 2.146 —0. 854 0.323 0. 347 0. 395 1. 000 0. 345 0. 399
2 —1.490 —0.458 —0. 806 0. 641 0. 690 0.046 0. 269 0.195 0.677 0.768 0. 208
3 1.234 —1.132 —0.075 0.377 —1.945 0. 817 0. 300 0. 391 0.620 0.047 0.552
4 0.132 —1.757 —0. 354 0. 358 —0.156 0.505 0. 000 0.316 0.616 0.536 0. 387
) 1. 881 —0. 202 0.508 —1.129 —0. 085 1. 000 0.322 0. 546 0.296 0. 556 0.708
6 —1.654 —1.056 0.548 —0.676 —0.651 0. 000 0. 145 0. 557 0. 394 0.401 0. 159
7 —0. 286 0.227 —0.003 —0.508 1.233 0. 387 0.411 0.410 0. 430 0.916 0.424
8 —1.569 0.473 0.913 0.465 —1.119 0.024 0.462 0. 654 0.639 0.273 0.268
9 —0.730 1. 541 —0.082 —0.897 —2.116 0.261 0. 683 0. 389 0. 346 0. 000 0.352
10 0.576 3.071 —0. 765 0.196 —0.079 0.631 1. 000 0. 206 0. 581 0.557 0. 640
11 —0.733 —0.488 —0.701 0.970 1. 540 0. 260 0.263 0.223 0. 747 1. 000 0. 348
12 —0.180 1.077 —1.466 —0.786 0.239 0.417 0. 587 0.020 0. 370 0. 644 0. 404
13 1. 652 0. 366 —0.661 —0.078 —0.942 0.935 0. 440 0.234 0.522 0.321 0.671
14 0.091 —0.024 0. 265 0. 285 0.468 0. 494 0. 359 0. 481 0. 600 0.707 0.485
15 1. 440 —0. 378 —1.525 1. 547 0. 347 0. 875 0. 286 0.004 0.871 0.674 0.630
16 0.178 0. 350 —0.068 1.419 0.962 0.518 0.436 0.392 0. 844 0.842 0.539
17 0. 809 —0. 244 1.070 —0. 356 0.778 0. 697 0.313 0.696 0.462 0.792 0. 604
18 0.669 —0. 800 —0.734 —0.655 0. 282 0. 657 0.198 0.215 0. 398 0.656 0.476
19 0.432 —0. 897 1.289 —0.045 —0.391 0. 590 0.178 0. 754 0.529 0.472 0.512
20 —0. 088 —0.629 0.789 —0.985 —0.511 0.443 0.234 0.621 0. 327 0.439 0.413
21 —0. 388 0. 843 1. 797 0.723 1.168 0. 358 0.539 0. 890 0.694 0. 898 0.529
22 —0.721 —0.482 —1.539 —2.507 1. 145 0. 264 0. 264 0. 000 0. 000 0.892 0.238
23 0. 537 0.732 2.210 —0.527 0. 984 0.620 0.516 1. 000 0.425 0. 848 0.642
24 —1.277 —0.053 —0.553 0.021 —0.989 0.107 0.353 0.263 0.543 0. 308 0.227
2.3 NEHPRAEIEZEURESZSITFNENE R PERSZ IR B 2 R B B B K. IE

KD
M 6 v LLFE L ARE M i & T TNLLW,
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Fig. 1 Cluster analysis of D value of 24 wheat genotypes
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Table 6 Correlation analysis between main characters of nitrogen efficiency and

comprehensive evaluation value of wheat at seedling stage

PRI AR AL AR FALHA K
PR Environmental correlation Genetic correlation Phenotypic correlation
Trait IR IEHA LA IEHA iR EWA
Low-N Normal-N Low-N Normal-N Low-N Normal-N
PH 0.011 0.424~ —0.142 0.437" —0.105 0.410"
RL 0. 341 0.352 0. 399 0.436" 0. 380 0.412"
TN 0.405" 0.277 0.863" —0.217 0.742™ —0.119
LW 0.681" 0.550™ 0.430" 0.119 0. 460" 0.186
LA 0.620" 0.562" —0.137 0.508" 0.046 0.500"
RFW 0.709™ 0.248 0.499"  —0.003 0.509" 0. 057
SFW 0.664™ 0.559™ 0.435" 0. 329 0.497" 0.371
PFW 0.765" 0.525" 0.511" 0.262 0. 549 0.316
RDW 0.725™ 0.110 0.303 0.372 0.371 0. 308
SDW 0.625™ 0.466" 0.223 0.501" 0.312 0.478"
PDW 0.734™ 0.033 0. 267 0.647" 0.352 0.525"




%4 WG A« /N2 IR 5 T AT R Y s A AR DG 43 BT 19
=65
PRI AR ALK FRAAH
TERIN Environmental correlation Genetic correlation Phenotypic correlation
Trait IR A EHA IR EHA R EHA
Low-N Normal-N Low-N Normal-N Low-N Normal-N
RNC 0.075 0.069 —0.227 0. 606" —0.084 0.450"
SNC —0.034 0.084 0.460" 0.013 0. 305 0.032
RNA 0.450" 0.096 0.204 0.569™ 0. 289 0.453"
SNA 0.423" 0. 322 0.486" 0.476" 0.466" 0.434"
PNA 0.505" 0.314 0.431" 0.538" 0.453" 0.478"
SNUE —0.009 —0.062 —0.474"  —0.165 —0.329 —0.135
PNUE —0.041 —0.396 —0. 380 0. 157 —0. 265 —0. 046
2.4 BEEEXRBMEEAOEKESSH UF R AACR 5 T AE H BE RS54 T LU # LA PDW A

N7 AT LLE AR AU R e LW .RFW FT RNA SEPRIR 33 28 PR Xt /0N 22 1 300 i 6% 200 0 v 4%
PEW SRR R PEAR T DI /NS TR AR S0Pk B BE SR I IO ek S PR A RE A B A B RICR

x7 MEHBPERIEFEERITHE R EEF R AR

Table 7 Relative efficiency of main traits of nitrogen efficiency of wheat at seedling stage

under the selection of low nitrogen tolerance

KA Low-N 1E % & Normal-N

PER it A% AH G 2R B IO & B A G R RO &S

Trait Genetic correlation H /% Relative Genetic correlation H*/% Relative

coefficients efficiency coefficients efficiency
PH —0. 142 65.17 —0.194 0.437 83.31 0.629
RL 0. 399 53.67 0. 455 0.436 59.05 0.528
TN 0. 863 79. 33 1.174 —0. 217 73.12 —0.292
LW 0.430 75.00 0. 605 0.119 76.92 0. 164
LA —0.137 61.93 —0. 226 0.508 74.50 0.691
RFW 0. 499 78.21 0.692 —0.003 59. 65 —0.004
SFW 0. 435 52.05 0.437 0. 329 66. 87 0.424
PFW 0.511 68. 70 0.637 0.262 64. 39 0. 331
RDW 0. 303 73.32 0.435 0.372 64.77 0.472
SDW 0.223 63.51 0. 257 0.501 73.28 0.676
PDW 0.267 70. 37 0. 349 0.647 83.12 0.930
RNC —0.227 18.03 —0.118 0. 606 47. 27 0.657
SNC 0. 460 44.09 0. 557 0.013 51.72 0.015
RNU 0. 204 36. 81 0. 240 0. 569 62.79 0.711
SNU 0. 486 34.08 0.482 0.476 57.26 0.568
PNU 0.431 46. 59 0.510 0.538 59. 26 0.653
SNUE —0.474 44.90 —0.554 —0.165 47.46 —0.179
PNUE —0. 380 38.43 —0.426 0. 157 30. 93 0.138
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