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Screening of High Nitrogen Use Efficient Varieties and Physiological
Characteristics Analysis in Wheat
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Abstract: To investigate the differences in grain yield and nitrogen use efficiency among different wheat
varieties and their physiological mechanisms, this study was conducted at the experimental station of
Henan Agricultural University in Yuanyang County, Xinxiang City, Henan Province, during the 2023
—2024 wheat growing season. Forty approved wheat varieties were used as experimental materials.
Principal component analysis and comprehensive scoring were performed on four key nitrogen efficien-
cy indices: nitrogen recovery efficiency, partial factor productivity of nitrogen, physiological nitrogen
use efficiency, and agronomic nitrogen use efficiency. Combined with grain yield, wheat varieties
were screened for yield and nitrogen efficiency levels, and physiological indices of different yield-nitro-
gen efficiency types were further compared to reveal the physiological basis underlying the differences

in yield and nitrogen use efficiency. The results showed that grain yield and the four nitrogen efficien-
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cy indices varied significantly among varieties, with coefficients of variation ranging from 11.61% to
46.73%. Based on principal component analysis, comprehensive scores of nitrogen use efficiency indi-
ces, and yield levels, the 40 wheat varieties were classified into four types: high-yield and high-effi-
ciency(11 varieties) , high-yield and low-efficiency(5 varieties) , low-yield and high-efficiency(10 varie-
ties) , and low-yield and low-efficiency(14 varieties). Analysis of dry matter accumulation and trans-
location revealed that high-yield and high-efficiency varieties had significantly higher aboveground dry
matter and nitrogen accumulation at anthesis and maturity than other types. Compared with high-
yield and low-efficiency varieties, they also exhibited greater preanthesis nitrogen accumulation and
preanthesis nitrogen translocation. In addition, the leaf area index(ILAI) attenuation rate from anthe-
sis to grain filling was lower in high-yield and high-efficiency varieties(18. 77 %) than in high-yield and
low-efficiency varieties(22. 67%). Meanwhile, high-yield types maintained significantly higher SPAD
values during grain filling. Under the experimental cultivation conditions, high-yield and high-effi-
ciency varieties maintained high dry matter and nitrogen accumulation at anthesis. By optimizing leaf

spatial distribution and prolonging functional leaf longevity, they sustained dry matter production dur-

ing grain filling, thereby achieving higher grain yield and nitrogen use efficiency.

Keywords: Wheat; Yield; Nitrogen use efficiency; Physiological characteristic
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Table 1 Names of the tested wheat varieties

st o 44 B =2 st Aift 44 5 it Fift 44 5
Variety name Abbreviation Variety name Abbreviation Variety name Abbreviation

J& % 36 5 Zhoumai 36 ZM36 [E 2 127 Tunmai 127 TM127 8% 136 Zhengmai 136 ZM136
3% 145 Lunxuan 145 L.X145 HrZ 58 Xinmai 58 XM58 4 902 Yunong 902 YN902
R F 336 Jimai 336 JM336 P4¢ 1155 Xinong 1155 XN1155 Z#% 8 5 Fanmai 8 FMS8
P4 20 Xinong 20 XN20 &2 47 Luomai 47 1L.M47 B4 207 Bainong 207 BN207
142 578 Zhongmai 578 ZM578 FBF 1860 Zhengmai 1860 ZM1860 18, 5157 Huacheng 5157 HC5157
A # 66 Hemai 66 HM66 H 4% 607 Bainong 607 BN607 FRAZ 379 Zhengmai 379 ZM379
1§74 366 Daimai 366 DM366 A 113 Zhengmai 113 ZM113 1 3 5 Fusui 3 FS3
T4 4199 Bainong 4199 BN4199 B =% 369 Yanbo 369 YB369 4 186 Yunong 186 YN186
[ FH 537 Guoyang 537 GY537 FPEEAZ 8 5 Saidemai 8 SDM8 M4 802 Wenmai 802 WM802
T4k 307 Bainong 307 BN307 ¥ 6 5 Lunxuan 6 LX6 Bk 66 Lunxuan 66 LX66
%8 1390 Wan 1390 W1390 Z B #% 18 Fanyumai 18 FYM18 WEHEE 15 Huayumai 1 HYM1
H1 % 30 Zhongmai 30 ZM30 J& 2 16 Zhoumai 16 ZM16 T # 5811 Baimai 5811 BM5811
H# 139 Zhengmai 139 ZM139 )11 109 Huaichuan 109 HC109
Hr A 26 Xinmai 26 XM26 1€ 865 Huacheng 865 HC865
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RiaXMES
40 AN/INFZ it i (1 7= ik e KA e/ B AN OF- 3
B3 5124 10 199. 91,6 506. 12 1 7 892. 41 kg »
hm 2,8 ZECN 11.61%(F 2), 4 MRAEZHH
BCRAEFRIAS S R BN 11, 61% ~46. 73%, Hip AE,
(78 5 22 8000 K (46. 73%0), Hik O NPE(41. 98%4) s
PFP 178 5 2RO X 4/ (11, 61%) . 31X WA
Ty R W R BN AP K 25 5
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Table 2 Descriptive statistics of yield and nitrogen use efficiency indices of wheat varieties

Wi H Ttem Y/(kg « hm?) REN PFP/(kg * kg™ 1) NPE/(kg *« kg™ 1) AEx/(kg * kg™ 1)
e KA Max. value 10 199. 91 0. 66 42.50 50. 95 26. 34
#z/IMHE Min. value 6 506.12 0.21 27.11 0. 37 0.10
F-H{H Mean 7 892. 41 0. 44 32. 89 27.73 12. 26
brifE2: SD 916. 12 0.12 3.82 11. 64 5.73
BSRFRE CV/ % 11. 61 28.02 11. 61 41.98 46.73

Yo7 REN  ZE ORI FHB0R s PEP . BB f A2 7 1 s NPE S0 % A BRI LR s AEN  BUBAR 2%, B 1 ik 3 [,
Y: Yield; REx: Nitrogen fertilizer recovery efficiency; PFP: Nitrogen partial factor productivity; NPE: Physiological nitrogen use

efficiency; AEx: Agronomic nitrogen use efficiency. The same in Fig. 1 and table 3.
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Fig. 1 Correlation analysis of yield and nitrogen

efficiency indices of wheat varieties
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Table 3 Eigenvalues, variance contribution rates, cumulative
contribution rates, and component loadings of principal

components for nitrogen efficiency indices

B = s Ny
6 4R Index EJPJ’%? ! I)g{}g ’
REN 0. 35 0. 84
PFP 0.49 —0.12
NPE 0.51 —0.52
AEN 0.61 0.05
¥efE{E Eigenvalue 2.48 1. 00
Variance contribution rate/ % 61.97 24.16
o ik &
ML 61.97 86.13

Cumulative variance contribution rate/ %

Hod, X, X, X R X 43 ) 36w &R AT
FI R CRACAR AR 77 1 VR R A R RCRE A
N A 3% 0 — A0 5 WME F M F, 53 5 3%os £
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A2 1860, A 4 607, FB & 113, #B & 136, 18 ik
5157 V4% 20 184k 186 Fi £ 26 18 )I] 109 A2 =
369.F & 5811, % 30,744 1155.%d 1390 fi
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Table 4 Principal component scores and comprehensive evaluation of different wheat varieties

/\bbfg\:?alion F Fe F Iﬁii Vli?zy F Fe F lﬁii
ZM36 1. 24 0. 54 1.04 4 ZM113 1.13 0. 34 0.91 7
L.X145 0.59 0.23 0. 49 33 YB369 1.08 0.22 0. 84 14
JIM336 0.57 —0.10 0.38 34 SDMS8 0.90 —0.36 0.55 30
XN20 1. 14 0.21 0. 88 10 L.X6 0.92 0.07 0. 68 23
ZM578 0.61 0.57 0. 60 27 FYMI18 1.44 0.41 1. 15 3
HM66 0. 90 —0.21 0.59 28 ZM16 1.53 0.42 1.22 2
DM366 0. 90 —0.14 0.61 26 HC109 1.16 0. 06 0. 85 11
BN4199 1.16 —0.29 0.75 20 HC865 1.82 0.12 1.35 1
GY537 0. 46 —0.12 0. 30 37 ZM136 1.37 —0.23 0.92 6
BN307 0. 56 0. 36 0. 50 32 YN902 1.02 —0.19 0. 68 22
W1390 1. 04 0.11 0.78 18 FM8 0.27 —0.16 0.15 39
ZM30 1.16 —0.07 0.82 15 BN207 0.23 0.03 0.17 38
ZM139 0. 86 0.11 0.65 24 HC5157 1.17 0.19 0. 90 9
XM26 1. 00 0. 44 0. 84 13 ZM379 0.43 0.17 0. 36 36
T™M127 0.73 0. 37 0.63 25 FS3 0.90 0.42 0.76 19
XM58 0. 82 —0.12 0.55 29 YN186 0.95 0.56 0. 84 12
XN1155 1.08 0.09 0. 80 16 WMS802 0. 67 0.10 0.51 31
LM47 0. 50 0.01 0. 36 35 LX66 0.09 0.13 0.10 40
ZM1860 1.48 —0.10 1.04 5 HYMI1 1. 00 0.02 0.72 21
BN607 1. 09 0. 46 0.91 8 BMS5811 0.92 0. 49 0. 80 17
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Table S Differences in dry matter and nitrogen accumulation and translocation among different types of wheat
. T B AEM R
i i 2 A Dry matter accumulation/(kg * hm™ %) Nitrogen accumulation/(kg « hm *)
Variety — HI — NHI
type AL LAY PFA PET, AL A PFA PFT
Flowering Maturity o b Flowering Maturity N N
1R e AR
High-yield and 10 455.77a 17 371.69a 6 915.92a 2 658.91a  0.55a 173.56a 208. 30a 34.73b 139. 56a 0. 84a
high-efficiency
1R AR A A
High-yield and 9 020.10b 15 512.77b 6 492.67b 2 401.61b  0.57a 151. 80b 186. 82b 35.02b 124. 35b 0. 85a
low-efficiency
7 e
Low-yield and 9 003.71b 15 141.12b 6 137.41c 2 368.82b 0.56a 142.77b 184. 26b 41.49a 115. 63¢ 0. 85a
high-efficiency
AR 7= AR A Y
Low-yield and 8 926.58b 14 565. 56¢ 5 638.98d 2 451.30b 0. 56a 151.12b 173.95b 22.83c¢ 123.84b 0. 84a
low-efficiency
PFAp )5 TY L B4 PR Ty AE 1T T4 i 4% 38 1 PRAN B JG A E L B i PR T AE T R K 5428 Hb; HIT IR 48 25 NHI: A ek

g
PFAp:

[7i) 31 K 3 J A [ J/J\??—U FORAFFEA Z 7 0. 05 K P L2EREBE. FH.

Post-flowering dry matter accumulation; PFTp

Pre-flowering dry matter translocation; PFAy: Post-flowering nitrogen ac-

cumulation; PFTy: Pre-flowering nitrogen translocation; HI: Harvest index; NHI: Nitrogen harvest index. Lowercase letters following

data in same column indicate significant differences between different types at the 0. 05 level. The same below.
g yp
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Table 6 Differences in leaf area index(LAI) and SPAD value of different types of wheat
LAI SPAD
il e T
Variety type T FF ] THE IR ) L] FAEH THE I )
Jointing stage Flowering stage Grain-filling stage Jointing stage Flowering stage Grain-filling stage
57 P A o i o, / ,
High yield and high efficiency 1. 12a 5.86b 4.76ab 48. 39a 54.24b 52. 26a
'A%J_}!I;{&&ﬁﬂ 1~ 1~ I~ I~ 1~ a 1~
High-yield and low-efficiency 4. 25a 6. 66a 5.15a 49. 54a 56.61a 53.18a
AR 7™ o A T s -
Low-yicld and high-efficiency 4.02a 5.78b 4.41b 48. 75a 53.99b 49.77b
A 2l
{57 RS R 3.87a 5.74b 4.68ab 49. 34a 54.16b 49.01b

Low-yield and low-efficiency

3 itk

PR AR A A RCR R TR RN E R E
R T A 7 R ST TP RN B R HR AR IR 2, Horh
RE D0 e 4k 2 2 e 7 A W 7E £ 38 b “ i 41
RAMBEJT; PFP A7 Y 4E 7 Je e 1 4 4 5%
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