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Screening and Evaluation of Low Nitrogen Tolerant Soybean Resources at
Seedling Stage
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Abstract: In this study, the objective was to investigate the identification indexes and methods for low nitrogen tolerance in
soybean seedlings and to screen soybean germplasm with low nitrogen tolerance. A total of 234 soybean varieties from both
domestic and international sources were used as experimental materials. Two nitrogen levels, low nitrogen and normal
nitrogen, were established, and 12 indexes including stem diameter, plant height, petiole length, and relative chlorophyll
content were measured after 24 days of treatment. The results revealed significant differences in the mean values of each index
between the two nitrogen levels during the seedling stage of soybean. The mean value of the low nitrogen tolerance coefficient
ranged from 0.48 to 1.38. Principal component analysis was conducted to transform the 12 indexes into 5 main components,
with a cumulative contribution rate of 85.37% . An evaluation equation for low nitrogen tolerant soybean germplasm resources
was formulated; D =0.48D, +0.21 D, +0.13 D, +0.11 D, +0. 08 D5 . Based on the comprehensive evaluation value (D)
of low nitrogen tolerance, the 234 soybean varieties were classified into five categories using cluster analysis, namely high
tolerance to low nitrogen, low tolerance to low nitrogen, medium tolerance to low nitrogen, sensitive, and highly sensitive
types. Eight soybean resources with high tolerance to low nitrogen, such as Tiandou, Baofeng 11, and Sheyang Banxiazi, as
well as 11 highly sensitive germplasms including RaNiKuKaRa, Qiandou 1, and WDDO01135, were identified through
screening. Stepwise regression analysis indicated that the low nitrogen tolerance coefficient of plant height, total dry weight,
petiole length, stem diameter, and underground dry weight could be used as the main indicators for identifying low nitrogen
tolerance in soybean resources. The objective of this research was to develop an assessment framework for soybean germplasm
resources exhibiting low nitrogen tolerance. Moreover, the study aimed to establish a theoretical foundation for the identification
and selection of soybean varieties displaying reduced sensitivity to nitrogen availability.

Keywords: soybean; germplasm resources; low nitrogen; normal nitrogen; low nitrogen tolerant resources
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Table 1 Nutrient composition of two nitrogen treatments in soybean seedling pot experiment
k38 5y FH gL oy i
Treatment Component Content/(mg-L~") Treatment Component Content/ (mg-L~1)
TE A Ca(NO3), -4H,0 472.000 TRE A3 Ca(NO; ), -4H,0 47.200
Normal-N treatment CaCl, -2H,0 0 Low-N treatment CaCl, -2H, 0 264.432
KNO, 252.500 KNO, 25.250
K, S0, 0 K, S0, 195. 807
CO(NH, ), 40.000 CO(NH,), 4.000
KH, PO, 68.000 KH, PO, 68. 000
MgSO, -7H,0 246.500 MgS0, -7H,0 246.500
Fe-EDTA 4.600 Fe-EDTA 4.600
KI 0.830 KI 0.830
H,BO, 6.200 H,BO, 6.200
MnSO, -H,0 19. 000 MnSO, -H,0 19. 000
ZnS0, -7H,0 8. 600 ZnS0, -7H,0 8.600
CuS0, -5H,0 0.024 CuS0, -5H,0 0.024
Na, MO, -2H, 0 0.240 Na, MO, -2H,0 0.240
CoCl, -6H,0 0.027 CoCl, -6H,0 0.027
1.3 NEmMBRTE 1.4 HiESH
1.3.1 REMKEAEHE TH4 FEHEITY it PSRN SR pRI B 234 1 R G AR BB IR Y

DN RS2 RE AR 0 R 25 PR, ] B RO E Bk
(Plant Height, PH) ; -5 2 AR RS BE 5 ARG
( Petiole Length, PL) : % 2 & M4l B ; i FHiE AR
RN %2 258 ( Stem Diameter, SD) : 2255 1 35 [H]
A E AL ; 259580 ( Main Stem Node, MSN) : )\ Tt
R 32 25 T0 v 19 95 £ 19 (8] K (Internode  Length,
IL) AR/ 228 RAEARTE T IR AL BY T, Xy
Dt bR ANKRERZH S, MR U v A MERE 105 C
AT 30 min J5,60 CHEF B EE ARG N T 73
Z— 3 RV 53 RS HE ) Bk 2 b | 1 5 (Shoot Dry
Weight, SDW ) FI #fi & T H ( Root Dry Weight,
RDW) , Jf H i+ %5 4 #k £ 1 5 ( Total Dry Weight,
TDW) M5 [t ( Root Shoot Ratio, RSR) FTiH Ik & &
Y GRR/N u [ l

STH = M EATE + MR

MR = # N/ BT

MR R AL = RAAE B T MRAE 7 1E % A Ak
BT PEARE
1.3.2 =% &4F XM EF R TFERE (i
FAZ -2 Z AL ( Dualex-4 ) I € 55 2 &2 M43
X E = ( Chlorophyl, CHI ) | 2K w38 %K
( Flavonoid, FLA ) | % ~F # 5 % ( Nitrogen Balance
Index ,NBI) , 45 5 Ml 5E 3 YWIBCFIIMH

BRDIVERMEE X T[0, 1IN, AN X =
(X, = X )/ (X = X)) FH X SRR RRRAEL,
XONHERR @ B9 EE, X, A1 X, 20 B 3R i At
KAHFE/IME

PR RN S5 pR B AR BR S DR AT S A5 4
B, AXND =V, F +V,F, +- +V, F,, H
V, R ER R AR, F O E S5, D H N
A AR A LR BTN E,

{di F§ Microsoft Office Excel 2021 % £ 4& 2444k
Bodl F 47 e b, AL 3, ff A DPS3. 0, IBM SPSS
Statistics 26 ,Origin 2021 \R 15 SF 4K (4722 5% |
AHOGME | F 3 LA SRS 5 HT

2 ZR5HH

2.1 REMRFRGHEROZIT S0

N 2 s ZEMANEUKE T 12 MERRE &
—EREE S SR | BRI S 4R BOoh, HoAy 11 AR B
SRR PRI RAL BT (9728 5 R B R T 10%
HARZAL BN 1728 5 3 508 3 R T IR W RAL B, 3%
WUERET Bl 5 R B R 22 57 e At A
AERBWAESTTE 9.83% ~40.30% , vt B {1t b1
[ ) AP R P A 1 18 A 22 5, 30 P A b i 5 L
ARENE, BT 4R B IR AR B R fE
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Table 2 Variation analysis of low nitrogen resistance indexes of soybean variety resources at seedling stage

IR AL I3 [(ER S
PR Normal N treatment Low N treatment Low N resistance coefficient
Trait FHME Eenil TRAE FHE Blete| TRFEE CFHE 1 85 AL
Mean Range CV/% Mean Range CV/% Mean Range CV/%
25H1 SD/mm 3.47+0.42 A 2.20 ~4.46 11.98  3.00+0.36 B 2.15~4.09 12.01 0.87+0.11 0.61~1.22  12.24
MK PL/em 1221 £2.53 A 5.47~19.40  20.73  9.56+2.56 B 4.40~20.30 26.79 0.80+0.20 0.43~1.66  25.36
FZE1% MSN 6.34£0.64 A 4.33~8.00 10.05 5.48+0.64 B 4.00~7.67 11.67 0.87+0.12 0.57~1.43  13.85
¥R PH/em 23.03+3.60 A 17.07~43.85 15.66 18.83+4.32 B 10.43~35.33 22.95 0.83+0.18 0.45~1.50 21.50
K IL/em 3.62£0.46 A 2.39 ~5.84 12.75  3.44+0.61 B 2.09~6.26 17.86 0.95+0.14 0.68~1.52 14.73
-2t {H CHI 29.97 +3.70 A 20.68 ~39.03  12.34 15.03+3.08 B 7.28~25.95 20.48 0.51+0.11 0.30~0.97  21.53
HEFHEEFLA  1.49+0.16 B 1.11~1.94 10.54  1.58+0.16 A 1.04~1.96  10.10 1.07+0.10 0.66~1.43 9.83
RTHTHEHUNBL 20.48 £3.50 A 13.26~31.58  17.08  9.71+2.52B  4.31~19.70 25.92 0.48+0.14 0.24~1.09  28.65
HEFESDW/g 1.93+0.50 A 0.69~3.46  26.05 1.32+0.44B 0.44~3.31 33.64 0.72£0.29 0.24~2.43  40.30
WTFFERDW/g 0.70+0.18 A 0.21~1.27  25.65 0.62+0.17B  0.26~1.82  27.84 0.92+0.25 0.38~2.13  27.55
5 RSR 0.38+0.11 B 0.16~0.80  27.83  0.49£0.11 A 0.22~0.98  22.56 1.38£0.43 0.46~3.43  31.35
BT TDW/ g 2.63£0.61 A 0.99~4.29  23.09 1.94+0.57B 0.71~4.14 29.48 0.76+0.25 0.29~2.09 32.33

T RAT A RIS FHRERIRAE 0. 01 K135

Note ; Different uppercase letters indicate significant at 0.01 level, and different lowercase letters indicate significant at 0. 05 level.
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Fig.1 Correlation analysis of seedling traits of soybean varieties at low N level (a) and normal N level (b)
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Table 3 Principal component analysis of comprehensive index in soybean variety resources

(27N FE WS> Principal component

Trait 1 2 3 4 5
ZEH SD 0.24 0.29 -0.10 -0.14 0.35
R PL 0.26 0.08 0.06 0.52 0.30
FZE95% MSN 0.33 0.15 0.03 -0.13 0.12
k5 PH 0.39 0.12 -0.01 0.30 -0.12
A IL 0.28 0.03 -0.03 0.58 -0.34
42 CHI 0.16 -0.55 -0.01 0.04 0.47
ZEH T FLA -0.15 0.43 -0.09 0.10 0.60
A5 NBI 0.20 -0.60 0.02 0.00 0.18
i b+ Sbw 0.41 0.03 -0.09 -0.30 -0.07
1 F & RDW 0.24 0.13 0.67 -0.20 -0.01
M RSR -0.23 -0.03 0.71 0.16 0.10
BT TDW 0.41 0.06 0.07 -0.31 -0.07
FHIE{H Eigen value 4.88 2.11 1.30 1.11 0.85
H41% Contribution ratio/ % 40.67 17.54 10. 81 9.25 7.11
Z31H /% % Cumulative contribution ratio/ % 40.67 58.21 69.02 78.27 85.37
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Fig.2 Principal component analysis of comprehensive

index in soybean variety resources
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Table 4 Low nitrogen resistance coefficient of different groups and comprehensive evaluation value D

Z5H¥ Group I 1 11 v v
(TR 2541 SD 0.96 abA 0.98 aA 0.90 bA 0.82 cB 0.71 dC
Low N resistance coefficient K PL 1.16 A 1.01 B 0.86 C 0.68 D 0.60 D
FZE4% MSN 1.10 aA 1.02 bA 0.91 ¢B 0.80 dC 0.71 eD
M PH 1.28 aA 1.18 bA 0.87 ¢B 0.70 dC 0.57 eD
P IL 1.23 A 1.18 A 0.98 B 0.87 C 0.81C
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x4 ()
ZBE Group I i} 11 v v

42 CHI 0.66 A 0.54 B 0.49 B 0.51 B 0.50 B
FEH AL FLA 0.89 B 1.05 A 1.08 A 1.07 A 1.01 aA

A VAR % NBI 0.76 A 0.53 B 0.46 B 0.48 B 0.50 B

b -+ SDW 1.56 A 1.04 B 0.79 C 0.55D 0.36 E

1~ & RDW 1.27 aA 1.15 aAB 1.00 bB 0.78 cC 0.60 dC

R RSR 0.91 dC 1.16 cdBC 1.33 beAB 1.50 abAB 1.69 aA

BTH TOW 1.44 A 1.06 B 0.83 C 0.60 D 0.42 E

R A LR AN E D 0.976 A 0.830 B 0.591 C 0.382 D 0.221 E

3 TR RS FRFRRTE 0.01 KPR BE , AR/NE FRFRIRTE0.05 KFERBE,

Note ; Different uppercase letters indicate significant difference at 0. 01 level, and different lowercase letters indicate significant difference at 0. 05 level.
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Fig.3 Cluster diagram of 234 soybean varieties

3 i

RERRZE RG] AR 52 2%, Honl d
T AR BRG] SR, LS AR T A7 3L A
SR AN BE T A2 R0 SRR BT oK, W Gk AT
7 AR A T R, AR R A A
ARAF R 5, B 2 i R (HE R
FIEL 14 2ot T [ 410 AR 9 A, R B X
FehE, HREW ) B2 R R £ AR, &
IRHR 3 M DX A 38 G A, P i AR R it
A AN RE RS - 38 A S5 i DAY IHG s 32 T ER e L

AR s AR R LA B - e B AT LS B

TRENEHN T BUSH = 17 1

HHT, PR O 2 S 1 B IR E o
PR b Z IR AR AE i AR R
ASHRAR A SR VA T AR 2600 b o, (L b e 2 R 2
— o A T A 2007 2 R 2R 0 3 1 A IR 5 R A
ferfr, SPAD fE Al DLz AR Sy i 7 rp g i 3
L CNH TR M IR e 2 Tz
FTHAb A O TR AR A E v o O T I 2 AR
D EIA 2SR T 2 S0 E AT I 2, A
A FH 22 Mg 00 (SO 00 7 AR I 38 o ) il |
B SE R T X 2 B 8 BORT  f  B E L 2

SRR AR P AE S Wi, T LGRS BRI



552 K =

B2 53

RS2 SEACI ) DL B3 B 304 T SR A R, 2%
R T TR NI K (E N (R e 1 S A L =RE241
RSO, T LAAT S5 M0 IO %o 30 A 4
PECY FEAIRE Hh, FE AR AL BT B0 2 A
FHETE U B AE K G 8 A UM 36 2 R S 1K
A R PR B0RT LBV XL A A AR A
WA ZE B CIRES, nT VA SEit T E D R S FR
P AR AR FER Y RO S A B
WETRGEH, RS R 5 & 25 FH EMX,
ST AR 450 A — B, B AR TE
B S 25 A RS U b B it RUK T 5 %48
Bt 32 iR T /NAE B KRR A S Tt UK
SR 7 A5 T AR A I T

ARG 25 & A 1)K S I & BE J1 B 38 A5
DK HAth 1 39 %ot SR 28 O 114) 6 A e 248 8 ) A 25
R AR 225 5 R TR S R
R MTe 5L AP fs F L T MR T R
SRR T 12 NSRS, TS, g R R
TRAAR B I 3 B AR T 250 AR R L 32 25 B pk
oI RSN S = O = I T G 0 o =
TrEMSTE, K 2P e R e
FiH b T R K, 430 R 52.57% .49. 85% FlI
31.47% , WEREIN T IS E & = AR L, B i Sk
5.75% F123.40% , X PR AL BEF 9 45 1 A PECR
PEATHA SIS HT , 45 5% 2 B A T 0 1) 1 31 46 A 2 )
Y EA AHSCE B T TR AR 2 A 0 15 48 B 11 A B
P 5 i PR SRR BT 32 4320 B g 25 [l 5 43
Bt , 55 KGR IR 8 b, 45 R R A bR = T
I AR ZE LR T AT AE S R AR
R R EZIEM AR, Rtk T E
T 5 AR S K T TR AR 2R ok 1Y S B AN
FEPR, X — 05 5 AR B0 25 R — B, A AR 25 R %
HH R 7 R AP R A WT A Sy i 0 U 2RO 2 48 s, 9
MR E 0] B8 2 R T2 R o 9 R 2 R R 22 S i
Y, TS IREEAR R, R S A 2 1 5 2%
TRERA) 23 8 s o T LB YR R b X R T A S g
FIHEAT P . A I AT 234 (R IG R
FgEURA R 5 25, 43 A e T AR 2 | PR 2 28
P PR 20 7R AR S R R e RIS R
RUGRR Gk AU R 8 A, 1% 8 iy R IR
RINFP IR AR Z 8 T A B bk = 1 )
KRS, IR E RS, LA LSV E D
AbTF 234 1R G A G IR B TS, G 2 AR R DLFE
WD BRI DL R R 24 VR =

4 #ig

A 34T 234 A7 R LA BB PR A AR R MR #
FPIRH AL BT A 12 AR IR 45 R R W
FUHAAE B  RAR A ZAEAR A Wy B R

0 3 AP M 1] U5 Dy A ) 1 e, D0 o o
ST AR AR T S ANERR AR
L v AR U e 1O B B R bR . BT B D
(ELAY BRI M 0 0 1 E I TH S 54 10 SRR
T B G MR MN A B () R T
(8) FPFE B JE K2 3L 8 3 iy MR AR S Aol A Dok
MR A AR LT S E

S 3Lk

[1] KUSANO M, FUKUSHIMA A, REDESTIG H, et al. Metabolomic
approaches toward understanding nitrogen metabolism in plants[ ] ].
Journal of Experimental Botany, 2011, 62(4) . 1439-1453.

[2] SINHA E, MICHALAK A M, BALAJI V. Eutrophication will
increase during the 21st century as a result of precipitation changes
[J]. Science, 2017, 357(6349) : 405-408.

[3] WEI H, YORDANOV Y S, GEORGIEVA T, et al. Nitrogen
deprivation promotes Populus root growth through global
transcriptome reprogramming and activation of hierarchical genetic
networks[ J]. New Phytologist, 2013, 200(2) ; 483-497.

[4] SHAH J M, BUKHARI S A H, ZENG J, et al. Nitrogen (N)
metabolism related enzyme activities, cell ultrastructure and
nutrient contents as affected by N level and barley genotype[J].
Journal of Integrative Agriculture, 2017, 16(1) : 190-198.

[5] LIU Q, WU K, SONG W, et al. Improving crop nitrogen use
efficiency toward sustainable green revolution[ J ].

of Plant Biology, 2022, 73, 523-551.
[6] WENB, LIC, FUX, et al. Effects of nitrate deficiency on nitrate

Annual Review

assimilation and chlorophyll synthesis of detached apple leaves
[J]. Plant Physiology and Biochemistry, 2019, 142 363-371.

(7] ZBHSF. KREMBEHFERGCERMAEE[T]. KRER,1993,12
(1):39. (LUO J F. Identification of saline-alkali resistance of
soybean germplasm resources [ J ]. Soybean Science, 1993, 12
(1):39.)

[8] HERRIDGE D F, PEOPLES M B, BODDEY R M. Global inputs
of biological nitrogen fixation in agricultural systems[ J]. Plant and
soil, 2008, 311 1-18.

[9] CORDOVA S C, CASTELLANO M J, DIETZEL R, et al. Soybean
nitrogen fixation dynamics in lTowa, USA [ J]. Field Crops
Research, 2019, 236 165-176.

[10] XIAOY, ZHAO G, LIT, et al. Soil salinization of cultivated land
in Shandong Province, China—Dynamics during the past 40 years
[J]. Land Degradation & Development, 2019, 30(4) ; 426-436.

[11] Rk, TR, BEK. KWINE A 3 5: 4 R[], 4=
A%2%,2004 (6) : 131-137. (GUAN Y, YU W T, LI J D.
Effect of long-term fertilization on soil nutrient pool[ J]. Journal of
Ecology, 2004(6) : 131-137.)

[12] Tk, ZRPTT, XIS R . AR 2A 0 Kt A s A ) I Y
25 J]. P EE,1994(2) . 7-10. (DING H, GUO Q Y, LIU
C Z. Differences in nitrogen uptake and utilization by soybean
cultivars at different maturity stages[ J]. Chinese Oilseeds, 1994
(2):7-10.)

[13] S0 2585 W13, 45, AR & WP AR A 101 22 T 21 22 R 40T
KRR 525" B2 AR G PEBR QTLL T . o KA B4, 2020, 34
(6):499-511. (WU T, LI X, HUANG D R, et al. Application of
Dongxiang wild rice backecross recombination inbred line to analyze
the correlation of rice yield with low nitrogen tolerance[ J]. China

Rice Science, 2020, 34(6) : 499-511.)



5 1

PN AR SR S BR300 10 15 PP A

553

[14]

[15]

[18]

[19

[

[20]

[21]

[23]

[24]

[25]

RN RES DY, A I, A TR [ 5 DR /N AT 1 1
W R GERE[)]. T E gl B 54,2021 ,23(7) 22132, (LLT ),
DU P F, SHITR, et al. Evaluation and screening of low nitrogen
tolerance of different genotypes of wheat seedlings [ J]. China
Agricultural Science and Technology Bulletin, 2021, 23 (7):
21-32.)

FAR, Ukt AHER . AR EKCE T BRI RIE S
R 9 QTL &AL [J]. MY 3% 5 K244, 2017, 23
(4):942956. (WANG Y, TANG J H, FU Y L, et al. QTL
mapping of root morphology and nitrogen uptake of maize seedlings
under different nitrogen levels[ J ]. Journal of Plant Nutrition and
Fertilizer, 2017, 23(4) : 942-956. )

o te PN, R A R IR) Rk R X e 4 i B A e A B
FRHERSE [ 7], Hedbqe ¥4k 2015 ,30(1) :233-238. (MA J H,
SUN Y, WANG Y G,

concentrations on the morphology and physiological characteristics

et al. Effects of different nitrogen
of sorghum seedlings [ J].
2015, 30(1): 233-238.)

TRAE  ROKTE , 2R, A B S AV R R TR AR R 114 7 o % HG
PENFEHRL ). fE44,2017,43(8 ) :1205-1215. (ZHANG C,
ZHANG Y Q, LU Z J, et al. Screening and evaluation index of

North China Agricultural Journal,

low-nitrogen tolerant tartary buckwheat at seedling stage [ J].
Journal of Crops, 2017, 43(8) . 1205-1215.)

TRAE , TR, B2 08, A5 AR IE X S [ 557 5 il o e 30 A
AR R A BARAE A 2 M [ 1], V6 b RE W24 4, 2017,37 (7).
1331-1339. (ZHANG C, ZHANG Y Q, LU Z J, et al. Effects of
low nitrogen stress on seedling growth and root physiological
characteristics of different tartary buckwheat varieties[ J]. Journal
of Northwest Botany, 2017, 37(7) : 1331-1339. )

JBER A S ECHC , BB, 5. HOE A S I A RCR P ()]
[E B E 24417 ,2018 ,40 (6) :851-860. (GU C M, HAN P P,
HU Q, et al. Evaluation of nitrogen efficiency at seedling stage of
Brassica napus[ J]. Chinese Journal of Oil Crops, 2018, 40(6) ;
851-860. )

TRERWR, R =0, XU, 55, AR S AU R R TR E [ )] VL
AR, 2022,50 (6) :82-87. (ZHAT X N, ZHANG Y S,
LIUY Q, et al. Screening of potato materials with low nitrogen
tolerance[ J]. Jiangsu Agricultural Science, 2022, 50(6) : 82-87.)
DA 7 O Vo A 22 N NS K (W g S e B S e
VE[T]. MY B UR 2741, 2023 ,24 (2) :408418. (LIU X X,
HOU Y L, DU N L, et al. Identification and screening of soybean
low nitrogen tolerant resources at seedling stage[ J]. Journal of
Plant Genetic Resources, 2023, 24(2) . 408-418. )

TEH W, S IR, R, A R T R ORI v U o 5 4
[J]. A EAEMEY 41,2022 ,44 (3) :539-547. (YUAN Y L,
YIY Y, ZHAN Y, et al. Screening and identification of soybean
nitrogen efficient germplasm at seedling stage[ J]. Chinese Journal
of Oil Crops, 2022,44(3) : 539-547. )

MURTAGH F, CONTRERAS P.
clustering: An overview [ J ].
Data Mining and Knowledge Discovery, 2012, 2(1) : 86-97.

BB SREZT TR A A A [ 3 PR 7 i A1 20 A 23
R )]. AR A4k ,2018,32(8) :1656-1663. (ZHONG
S R, GONG S'Y, ZHANG S C, et al. Research progress on low

nitrogen tolerance and nitrogen efficiency of different crop

Algorithms for hierarchical

Wiley Interdisciplinary Reviews:

genotypes[ J]. Journal of Nuclear Agriculture, 2018, 32 (8):
1656-1663. )

RNk R CIC , R VR A5 H W AR v S I R 5T 07 S B S A
NHEATEN[T]. FE#3R,2022,48 (6) ; 1488-1501. ( QIN

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

L, HAN P P, CHANG H B, et al. Screening of low nitrogen
tolerant rapeseed germplasm and evaluation of green manure
application potential [ J]. Crop Journal, 2022, 48 (6):
1488-1501. )

MUCHOW R C, DAVIS R. Effect of nitrogen supply on the
comparative productivity of maize and sorghum in a semi-arid
tropical environment II. Radiation interception and biomass
accumulation[ J]. Field Crops Research, 1988, 18(1) : 17-30.
kA SR, 22N AT, 45 R BSA 158 R B4R A 2 bk
1o QTL Jef i FER 43 A [ 1] . b 2%41) ,2020,35(S1) < 1-10.
(ZHANG J K, QLY Y, LI L Z, et al. QTL mapping and
candidate gene analysis of soybean genome-wide plant height using
BSA method [ J]. North China Agricultural Journal, 2020, 35
(S1):1-10.)

SAFFARI Y, SADRZADEH S M H. Green tea metabolite EGCG
protects membranes against oxidative damage in wvitro [ J]. Life
Sciences, 2004, 74(12); 1513-1518.

MARTINEZ V, MESTRE T C, RUBIO F, et al. Accumulation of
flavonols over hydroxycinnamic acids favors oxidative damage
protection under abiotic stress [ J|. Frontiers in Plant Science,
2016, 7. 838.

AGATI G, CEROVIC Z G, PINELLI P, et al. Light-induced
accumulation  of  ortho-dihydroxylated  flavonoids as  non-
destructively monitored by chlorophyll fluorescence excitation
techniques[ J ]. Environmental and Experimental Botany, 2011,
73:39.

BV T O, SF AR R B Y AR A U
VERIPLAIBT SRR L) ], [l 205 4% ,2023,50 (1) :209-224. (GE
S B, ZHANG X N, HAN W Y, et al. Research progress in the
biosynthesis of plant flavonoids and their anti stress mechanism
[J]. Journal of Horticulture, 2023, 50(1) ; 209-224. )
RIBGE , PR, AR R K U BX oK 3K 92 W A8 AR 1 5%
[J]. VEWD#4% 2011 ,37(7) - 1259-1265. (ZHU J J, LIANG Y
L. Effects of different water and nitrogen treatments on nitrogen
diagnostic indexes of maize [ J]. Crop Journal, 2011, 37 (7):
1259-1265. )

EHE XS, AR LA, SRR X BE T T B R R Ot
BB R [ )] HEBEHE K 2447, 2023 ,42(6) 1 10-18.
(WANG Y, LIUJ H, WU J Y, et al. Effects of controlled release
nitrogen fertilizer reduction on dry matter accumulation,
photosynthetic characteristics, and yield of millet[ J]. Journal of
Irrigation and Drainage, 2023, 42(6) ; 10-18.)
WA, 38, R ST, 45 UK T X 13 7 2 SC R AT 4 U
FEE R [ J]. + 8, 2021,53 (4):700-706. (CHEN M,
WANG Y, CHEN G, et al. Effect of nitrogen application level on
nitrogen balance index and yield of super high yield hybrid rice
[J]. Soil, 2021,53(4) : 700-706. )

IMERE, A7, LRI, A AFR AL BN & 49-198 HFhL
PR & EASE M [ 1], B9 54k, 2014, 40 (11) - 2046-
2051. (SUN D X, MA D Y, WANG C Y, et al. Effects of
different water and nitrogen treatments on antioxidant content in
Yumai 49-198 grains [ J |. Journal of Crops, 2014, 40 (11):
2046-2051. )

TERL IR M , A5 AR UM G X A 1 U PR 1 5 e R
TRAH AP TERE [T]. o I A Sl 2= 4 (P 3 30) ,2020,28
(4):523-534. (LIAN Y, LU J, HU C M, et al. Effects of low
nitrogen stress on seedling traits of foxtail millet and screening of
low nitrogen tolerant varieties[ J]. Chinese Journal of Ecological
Agriculture, 2020, 28(4) ; 523-534.)



