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Abstract: The effects of low nitrogen stress(PK—N) on grain yield and quality of maize were studied with 18
maize varieties as experimental materials and normal nitrogen application(NPK) as the control, and the nitrogen effi-
ciency types of maize varieties were classified and evaluated. The results showed that low nitrogen stress led to a sig-
nificant decrease in grains per ear and yield, and a significant decrease in starch, protein and lysine content and a
decrease in quality. Correlation analysis revealed that grain yield was significantly positively correlated with ear di-
ameter, grains per row, grains per ear, and grain weight per ear under both nitrogen treatments. Starch content was
negatively correlated with protein, fat and lysine content in different degrees. Protein, fat and lysine content were
positively correlated in different degrees. Starch, protein, fat and lysine yield were significantly positively correlated
with grain yield. Path analysis showed that ear length, ear diameter and rows per ear were the main ear traits affect-
ing maize grain yield, and grain yield was the main factor affecting maize starch, protein, fat and lysine yield. Based
on the comprehensive evaluation of low nitrogen tolerance D value and grain yield, high yield and low nitrogen toler-
ance varieties such as Zhengdan819, Zhengdan568, and Zhengdan232 were selected.
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Table 1  Code of tested maize varieties
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Note: The dotted line in the middle of the boxplot represented the mean value. Different lowercase letters indicated significant difference among different

nitrogen treatments(P<0.05).
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Table 3 Path analysis of main traits and grain yield under NPK treatment and PK-N treatment

ab 3 4RI JERZSTEEES R SEEEN AT
Treatment Trait Direct path coefficient Indirect path coefficient Decision coefficient

NPK EL 0.087 0.201 0.042
ED 0.271 0.226 0.196
RpE 0.761 -0.393 -0.019
GpR 1.003 -0.431 0.143
HGW 0.777 -0.533 -0.225
GR 0.439 -0.783 -0.495
VW -0.236 0.701 -0.275
SC 0.032 -0.241 -0.014
pC -0.209 0.618 -0.214
FC 0.077 0.211 0.039
LC 0.035 0.398 0.029

PK-N EL 0.348 0.425 0.416
ED 0.215 0.370 0.205
RpE 0.211 0.030 0.057
GpR 0.630 0.258 0.721
HGW 0.306 -0.328 -0.107
GR -0.023 0.416 -0.019
VW -0.008 0.271 -0.004
SC -0.001 0.261 -0.001
pPC 0.139 -0.161 -0.025
FC -0.122 0.227 -0.041
LC 0.106 -0.253 -0.042
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WARII BTSSR BoR (R 4), TE AN E R R,
X FRIE R 7 1 (SY) LR R S R M2 G Y,
K2 SC, GpE i 3 GY X SY Ay ) 322/ FH J K5 % 1
LR B 5 (PY) HARVE SR MR GY, Hak
J& PC, GpE 1T GY XJ PY 19 [RI A FH 45 K5 XFFkr
Jg 95 77 2 (FY) BL A e KA MR 2 CY, k2
FC, GpE i GY X} FY [ [a] $ 4 FH d5e K 5 X7 e
G R (LY) AR s KRR E Y, Hk &
LC,GpE it GY XF LY WA E K. MR &R
BOal A, 5FSY . PY  FY LY 2 f% K OF 5t #ik i 4 &

GY. ZEATPIMNAENEANERZE S, TR = e i oK
VERY R R R e e ) R R R
SETRIVERY R 15T BRI R 2R i
25 AREEXRMAAMERLIK S

DL NPK AR B R %7 B, 115 PK-N AR 18 PRIk
{18 T VR 2 2R 0, SR AR S 1 3k 1153 45 MR it 1 2L
RBOWAE . BCE KN HET OB FY(0.144), SY
(0.144). LY(0.143). GY(0.141). PY(0.139). GWpE
(0.083). GpE(0.076). GpR(0.046). EL(0.026)., HGW
(0.013), PC(0.013) .RpE(0.010) . LC(0.008) . ED(0.006) .
FC(0.004) . VW(0.002) . GR(0.001).SC(0.001), % F#
158 T8 pREICE TR AR TR SR TR R 28 B P
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AR DIE A 0.579 ~ 0.977 , F-114 0.737 , 78 5+
FH017.64%. DL NPKALBRR) 0= - P HAE AN D
SEIERE 18 AR A R 2ok 4 28 (K1 2). HIEI2 7]
AL E IR AR HR)AZE 55 T 2R, ik 232,
KB 819 B ER 568 4 34 i A s i (IR AU BUER L (HS)
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Fig.2 Classification results of nitrogen efficiency types for 18 maize varieties
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Table 5 Grain yield and quality of maize varieties with different nitrogen efficiency types response to low—nitrogen stress

RACFEATY b GY HGW GWpE
Nitrogen efficiency type Treatment (kg/hm?) Crk (g) (g) GR(%) VWigh) SC(%)
HR NPK 12764.99 a 62543 a 30.44 a 189.04 a 8737a 77228 a 70.14 ab
PK-N 6 809.16 ¢ 42825 ¢ 25.33 be 106.26 ¢ 85.16 be  743.86 be 69.35 be
HS NPK 12 850.70 a 612.81ab  29.87 a 182.73 a 88.19a  759.84 ab 70.30 ab
PK-N 4849.51d 334.14de 2498 be 82.98 d 84.50c  738.48 be 68.97 ¢
LR NPK 10772.64 b 567.34ab  28.52ab 161.38 b 88.37a  741.35bc 70.06 ab
PK-N 5983.98 ¢ 406.08 cd  24.69 ¢ 99.75 ¢ 87.02ab  737.51 be 69.36 be
LS NPK 11301.05b 537.34b 30.15a 161.75 b 88.46a  747.58 abc 70.88 a
PK-N 4380.81d 316.21 e 25.63 be 80.58 d 8433¢  72537c¢ 69.33 be
HARI ab B SY PY FY LY
PC(%) FC(%) LC(%)
Nitrogen efficiency type Treatment (kg/hm?) (kg/hm?) (kg/hm’) (kg/hm’)
HR NPK 10.56 a 474 b 0.380 a 7698.16a 1159.73a 52049 a 4174 a
PK-N 8.75d 547 a 0.336 d 4062.92 ¢ 51481 ¢ 321.31¢ 19.72 ¢
HS NPK 10.20 ab 4.78 b 0.377 ab 7767.69a 1128.08a  528.69 a 41.76 a
PK-N 9.15 cd 551a 0.346 cd 2875.94d 381.69 de  229.58 d 14.43 cd
LR NPK 10.10 ab 4.74b 0.371 abe  6488.72 b 936.89b  439.37b 34.42b
PK-N 8.82d 540a 0.343 cd 3569.67 ¢ 45496 c¢d  278.68 ¢ 17.68 ¢
LS NPK 9.66 be 476 b 0.363 abed 6 889.47b 938.09b  462.45b 35.27b
PK-N 8.78 d 544 a 0.347 bed  2613.76 d 329.01 e 204.64 d 13.04d

T : [FIZVEAE A NG PR AR BRI 1 P<0.05 K22 53 B3 o

Note: Different lowercase letters in the same column indicate significant differences between treatments at P<0.05 level.
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i ¢ 5 AT, NPK AR BER & 72 8 SRR GY
GpE .GWpE .SY \PY \FY FILY FLAIG /™ 4 i Fh 2351 °F
185 16.05% . 12.09% . 15.05% . 15.60% . 22.02% .
16.34% £ 19.82% , HGW .GR . VW ,SC . PC . FC 1 LC
IR E -

T 5 7 B e PR =N Az 390 0 20 284 A
I RN GY . GpE.GWpE . GR.SC.SY .PY.FY,
LY 4355157 2 A1 46.66% .31.53% .43.79% .2.53% .
1.13% . 47.22% .55.61% .38.27% .52.76% 1 62.26% .
45.47% . 54.59% . 4.18% . 1.89% . 62.98% . 66.16% .
56.58% .65.45% , 1™ 4 fi F o3 I - 24T B A1 44.45%
28.42% .38.19% . 1.53% . 1.00% . 44.99% . 51.44% .
36.57% .48.63% 1 61.24% 41.15% .50.18% .4.67% .
2.19% .62.06% .64.93% .55.75% . 63.03% , H: itk
SRR S PP B R AR T RS A R A AR
PK-N Azb L i A 280780 R AR A 3 B (1) PC L LC 43 51)
S 17.14% . 11.58% 411 10.29% 8.22% , (= 1l
A AR A3 P AT ARG 12.67% . 7.55%F19.11% 4.41%,
ARG U it A R v TR . A v Y
Fefrfr PR—N A 2 i 41 2076 RN AR (7 A ) HOW
VW 4351 24854 16.79% . 3.68% 1 16.37% ,2.81%,
PG 7= 1 S Fh 20 31 ST 4T R%AK 13.43% .0.52% 411 14.99%
2.97% , AR I 2020 5 %) 2R S 7 v 7 18 A
fe TR A AR A it B A IR T U A . PK-N
Ao L R AEG SR8 FNABURR A 5 R ) FRCAE 3 7 MG
T Rl ep 43 550 S 24 4 55 15.409% . 15.27% F1113.92%
14.29%.

3 s itie

TR RREENEFRILRZ —, AL
A 2 R TR B A RO F, RN B A
WFTER I RS B TR AR RS i AR
TR R > DE S PERE TR, TYIBUR R 5 73 il
FH, AR SRR AN R SRR BRI D A
BN, TR R AR (R
3 (o FORBEFR PR AN R REA T AR
FEREL PRI BRI EE | HFF R, e R BT
P E R, T AT 53.819% s BB MR Y, LU
LT A MR e ey, LU RO TR, kR A
TR R B/ . BTSRRI R BRIk B2
oK g 7 R F R K 7 A T AR RAR,
O R R O/ INT 3090 BT 0T, AR N 7
TR DT RIS £ TR 5 7= X it 2R P e B K T 309%
iR 8O0 N e ) [1EDIAV IS & EE "SSP S Ve
3 I g T B S o VA SR B RS G 5T T

AR T 1 5 R IE A G, B A TR B A K 2 A TR
B 1 R SR DR it B ] ™ k22 S 1) 2 LR
PER . SR HT R TR B R R
I RATRIE, HUOE EORiEE . ARG R, 68
/R 5 S R e A NB U LI G N R R A RA 1/ =
AHH I, R DAREA TR AT R R R AR
PR SRR 7 B ) T2 TR O e K, AR ST
(14 18 ML F K S AP IR A RE I e B 22 5,
TRAERAE TR IR R 33.32% ~ 65.73% , 25 5
FRECH 18.83% , Ho #5232 B iR A /)N, e K 335 %
R R . AW SE b MR 0™ i A IR R 2R BT
M DB R SRR R 20 Sk v e I U L e
TEURRTRY ARG AR T R R U R 4 25 5%
7R SRR L e R A B T 22 AR, T
ARAT G 1Y R i 5 AR AR L TR
A TEAR AR T AT RE AR AT B v A R L R
AR, ST 8 5 1) T

A B FH S0 AT 18 0 KRR SR E A 11
i BEARAR G & i, R . AR R,
FREUMA T FORZ T FRITE R B 0 A 2 R
SR TR RS ERE TS, T PR
(R AR, FOKFRLUE R 8 15T R 0y i 22 R
FEi R E WD . AT R AP EE AR BT
VE R 5 B TR DR A R A R OR R R 7
SR, AT SR AE I A i (] A DG C
R EE AL T, R R S E AR
FIH 2R 1 1 2 S I A G FEAR A1 T e
ARG, XU BN e U T oK R
5o R Z K R . AR TR 7E W
ANFNEALIS X RiGERy 5 15T A 1 A 22 R
7 E A R MR R i, & TR
VERY R T BRI R AR & i B R R
PAFTE Z VM RIS i 7 A 2R ™t Y DB R
o AU I8 ALK AR PRI E e R
P13 R 2 PR i E AT R A R B R 43l
0.18% ~5.28% (CV 54.90% ). 0.11% ~2.88% (CV
62.87%). 1.57% ~22.66% (CV 48.11% )1 0.13% ~
15.67% (CV 52.46%), [ 105 % 1 () 34 15 R 9.70% ~
23.01%(CV 27.10%). MZMRRFE , RA MM E %14
s JT PR S M R0 A i 7 > B 1 B> i 2 > 45 >
VERY , AR G20 X6 K TR PR 1 52 e 777
BRI R, mm R AE EORS
e W AR I SR SEA AR RN R 1 T
TS AREMNEA T, TR R TR e B i R
/N T RUBBURR Y i R B P RIS 2R 5 e AR R
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