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Abstract: In order to explore the exogenous reagents that can enhance the nitrogen assimilation of soybean plants, the
application of nitrogen fertilizer can be reduced without affecting the growth and yield formation of soybean, so as to maintain
the sustainable use of soil, in this study, a-ketoglutaric acid was used as an external reagent to plant soybean under low
nitrogen conditions by sand culture, to investigate the effects of a-ketoglutaric acid on growth, nitrogen assimilation and yield
of soybean under low nitrogen conditions. The results showed that a-ketoglutaric acid treatment effectively induced the
expression of N-assimilating genes in soybean plants under low-N conditions, and a-ketoglutaric acid treatment also
significantly increased the activities of GS and GOGAT enzymes in soybean plants under low-N conditions, increased the
content of nitrogen assimilation products in plant, such as ammonium nitrogen, nitrate nitrogen and acyl urea. Under low
nitrogen conditions, a-ketoglutaric acid treatment significantly increased pods number per plant, seeds number per plant and
seeds weight per plant under low nitrogen levels, compared with soybean plants without a-ketoglutaric acid treatment, it
increased by 12.38% , 9.52% and 14.72% respectively. Thus, exogenous application of a-ketoglutaric acid can promote
nitrogen metabolism in soybean plants under low-N conditions and increase soybean yield indicators under low-N conditions.
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1.1 ##

PR K G IR R R K G A R R AR 62, (5K
TR oG R [ BT TR A B
1.2 RIEiEIt

RIGTF 2023 A IR VTR KPR B R 24 H T
FEER W 5% v o0 1l 30 2 b 9 A7, 40k B AR
30 em 5 33 em IR, MR EIEG A 3 A~/ ML, a6
FHBi IR R K B AR, 1 T Ok bz i
K/ E) BTG — R AR 62 R FP 1, A%
it 6 L, Fx Az B 7 4RI I AT IR, £ R 34
— 3/ 3 R GAI T R 205

KA TR o-R S — TR Y e Ak B2 L) 172
Hoagland E R & 7.5 mmol - L™ 8 Uk FEAE
gt BB AL B (CK) L, 1/10 %F B & 2 W (0. 75
mmol - L.™") Hoagland 5 32 Wi/ A Z AL BE (LN) T
PEE M EBHE R E N 2.5,5.0,7.5 110 mmol - L~
oM R 4 AAEFE, TR Ve B4 E T 0 IR
AACFEAVIR AL B, R R A K & VI 140 ] o i
Wit 4 FOR RV o-F 3 R, 3t 6 ANAbEE. (1)
CK;(2)LN +0 mmol -L™" a-Fi% B2 (LN + «-0);
(3)LN +2.5 mmol-L™" o-Fl% —FR (LN + a-2.5);
(4)LN +5.0 mmol - L™" a-Bi % "B (LN + a-5.0);
(5)LN +7.5 mmol-L ™" -l R (LN + «-7.5);
(6)LN +10. 0 mmol - L™" - %z — R (LN + a-
10.0) . F o-fiC R AL BES 55 6 R iEATHURE,
AMEFEIE 3 WREE N E o-F % A BS 5 6 K
1R [ OGRS M S 8 AR, 0 BT JR 0 i ) - T
PG FRAL B B e AR

SHARGE I TS - Bl 3 — 1 X K T A I A
PR AR DCPERIR A 52 A, SR B AR 3 kA7 a4
B, R AR 5 0 Y AR
5.0 mmol-L~" a-Fil e R TR V3 HASEAT I 1] mE
Jiti , 435 7.5 mmol + L' XF B & MR & (CK) ,0. 75
mmol - L~ & B (LN) .0 mmol - L™' Z 4% (ON) Ak
P IF R AS AR T AW - G R K i
5.0 mmol - L™" o-Ff N — PR Ab 3, 3£ 6 4> 4b 3,
(1)CK;(2) CK + a-FilJ% — M (CK + a); (3)LN;
(4)LN + a-Fi% B (LN + ) ; (5)ON; (6)ON +a-
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FIRISEE 7R A B S S5 12 R E A AR AR T
4 NREFMELCEERE NR .GS .GOGAT 1 GDH Hyi  ,
FEXF R R v AR G B 5 IR i 2 30 i I s
FEP NR2 U AE R A SR g 5 3 ) NiR % & Bk e &
B 2 05 JE R GSIB. A A R A AN T e B 3 A
GOGAT it ia 6 1 g i 3L R AMTI R LR 5 5
MRS IE N GmAAP6a [k BT IE . o TR
5% o= 3G BRI K SR AR = B R
TE oI T BRAL RS 56 12 K ykfriE Kt A ep
AR MESEN T E, BT IRR ol X
IRA R KRG E AR T 52, 7E T — R b 35
5512 RN R OB R iR T R SR S48
T, 0 5 A A AR e 3 e AR L S 4 1) T DR
BB 3 RAYIEER

1.3 MEmMBRAE

13,1 AdRAE KA SRADH ALY 20 4 K 5Lk
1o AR FIZEE O 5 R 1 AR ( Yaxin-1241 )
JE SRR B TR 0 SRAH I 24K

1.3.2 MARRACXESRETE TE o % R4
PRI 12 d S A FRAE AR B4R — I (S8 F Y =
S ) FE S T R A O Bl v I E L AR
Wu S5y 0 5 R 34 R (NR ) 12 S Ik M
A R GS) 1 T, AR I Du 261 7 I E A =R
A B (GOGAT) TP, B4 Fawole 257 Y 75 11
EA RN E M (GDH) i1,

1.3.3 HARRMAEERREET FHRIKM 50
~100 mg ZHAREME I R R JAE i 72 T WF S A
A, I8 Axygen 15 & ( AxyPrep, 2 ) FEHCE
RNA, %X J5, F takara iR ] & [ PrimeScript'™ RT
reagent Kit ( Perfect Real Time) ] X} 5 wL &M Y
& RNA #EA7 R 5%, ff1 ] Premier 5. 0 31 P ¢
SHEBIMI(F 1), ¥ cDNA F B 10 55 4T qRT-
PCR, X W& % 10 wL:5 L TB Green Premix Ex Taq
;3 wL 7848 7K;0.5 pL PCR IE1A 5 #;0. 5 uL
PCR K514 ;1 wL ¢DNA, fdi i CFX96 3LH} PCR
Kl 22 4 (Takara ) , 5k PP PCR 3%, BARZEAE 0
.95 C FHIAEM: 30 ;95 °C 5 5,60 °C 30 s,40 K
ME¥ . LA Actin FEH (1D Glymal8g52780) 1E A N
% fEAF Bio-Rad iQ5 #EATEHEALFE

x1 HRSIMHEXER

Table 1 Information about specific primers

Gl B2 BT
Primer name Gene 1D

SIS — 3")

Primer sequence(5'— 3")

NR2-F Glyma. 06G109200v4
NR2-R Glyma. 06G109200v4
NiR-F Glyma. 02G132100v4
NiR-R Glyma. 02G132100v4
GSIB-F Glyma. 11G215500v4
GSIB-R Glyma. 11G215500v4
GOGAT-F Glyma. 04G236900v4
GOGAT-R Glyma. 04G236900v4
GmAAP6a-F Glyma. 04G209100v4
GmAAP6a-R Glyma. 04G209100v4
Actin-F Glyma. 20G082450v4
Actin-R Glyma. 20G082450v4
AMTI-F Glyma. 06G109200v4
AMTI-R Glyma. 06G109200v4

GTATTCCGGTGGTGGGAGAAAG
CACACTTGCCACGTTTCACCTC
AACCCCGCCATGTCAAACTT
TTGCAGGCATGTAAGCCAGA
GCTTTTCTTAGTAGGATTTGGTCTC
TAACAATCGGAAAACGAGGGA
ACACTCTCATCTTCTCTCTCTCTCTCTCTCG
CGTTGTGGAGGGAAGGGAATG
TCCATTGGGCTTGGCCTTTCCA
CCGTTCCCGAAACTTCCACCCC
CTTCAGGCATTCACGAGACAA
TAGAACCACCGATCCAGACAC
ATGTCTGCAACGGGCTGTTA
TGCACGCTATCAGAACCACT
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1.3.4 HMHRERMBXDRESE  B% Ferrario-
Méry 55 J7 B b AT v i BURE 105 °C A3 7 30 min
J&, T 80 CHL+ Z {8 H | #% ' Garcia-Robledo &)
AR I R S 2 o, TR B R R AR T I s
EEASAE A5, Brilliant Blue G-250 1l 5E ] 5 1 25
A i, P =0 b gk 5 i B R
FHBILEG S U™ 0 22 A 4 b L= 35 43 1 it 5843 v
SEIE R, B 105 °C TR 0 LR & BF I A
K, FREFESE 0.2 ¢, /] H,S0, 1 H,0, 172, 5k 5
FHZEB/KE 25 2 50 mlL, H o FEILEC 2 20 2 1 (46
& KDN-103F) I /& & & &,

1.3.5 HRB#HE TEAMMRBEASE AT
R R G ECE AT AR AR R 105 °C
TAFO.5 h, FREEHAIEE (80 C)TH2d =
fEE, T4y 22— Rl e AR i T 8, AR Ak
AR B I A A AR AR M 3 40 R S 4
[ e e

1.3.6 F2AAMR SRIET b BEER 10 £k
HA SRR MR, 53 0 52 Bk SE 50 SRRk 4L

LN+0 mmol-L-!
o~ % — 8

LN+2.5 mmol-L"!
a-Fi % TR

BARRRT E AN E R R
1.4 HIESH

FIH Excel 2016 #E47 %04 738, R H SPSS 20. 0
B Xof 45 Ak B R] 2 2E  EAT 40 A, AL GraphPad
Prim 9.5. 0 {2l B 2%

2 HZRESH
2.1 HNRo-FR_BEBAXENERETZEN
B AE K B 1

FEARESE T T VL 500 A TR R FE o
IR G, W 1 BTN, S50 A B, (IR AU PR
Jo K IGAIHT ARk 5 AR AR i T R 3z 3 B S 41
- TRAN PRI Al A K 2 B AR A A A5
B 7RI R BE Y G2 A A2 2.5 AT 5.0 mmol - L
ol 136 — R AL B G AP R0 K R 4l v i e AR AR AR
FIARIRE B0 1) 22 f s R e i . PR, AR AR
HMIFIE oo 3 R X 4l B 1 AR R — 2 i AR
VEFT, BMeRE R 2.5 F15.0 mmol - L™ a-H % — R %)
HOE AR R SRR e

LN+5 mmol-L-!
a-Hi % — 8

LN+7.5 mmol-L"!
o~ % — 8

LN+10 mmol-L"!
a-Hi % — 8

Bl SNE a-BRK ZERIMER K E TREHEHEKNZ M

Fig.1 Effects of exogenous a-ketoglutarate on soybean seedling growth at low nitrogen levels

mE 2 frR R &AL S, I8 45 K G AR R )
4 A S5 (R R A SR NR 25 & 5 g GS
BARA U GOGAT A Z R i Z f GDH) 7 M
WETRE, RASM T ok & T K
T NR I GS BITENE (AN AR BE o 3 — R Ak
FHXT NR F1 GS G PR o i % 22 55 . GOGAT Fl

GDH IBHEHEAEARA T 2 205, o IkA R 5.0
mmol - L™ (1) o~ J§ — R Ab BE X GOGAT 1 GDH i
PRI SRR SR 2 A B TR AR Bt oo-1HR 13
TR R S AR T B AR T 46. 79% il 38. 06%
P, AR FT e PV FE R 5.0 mmol - L7 Y oAl 15—
[ R NSRRI SENiF G R (5
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Fig.2 Effects of exogenous a-ketoglutarate on nitrogen assimilation enzyme activity

in soybean seedlings at low nitrogen levels
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R A AR 2R R B S o T R S R T v R
S TR LT BB R TN T 34, 6% s IRASKMH T, a-
T e — R AL P (R 0 3 4R T T Bk e AR AR
A AH ] oo 3 — R Ak R R AR BN T 17. 4%

oM AL 12 d 5, EFR RSN T )G
RITAE BR 25 M A He AR A B A R ZE LR T
13.9% , o-Bi)—FRALEE 18 d J5, IEW A &M,
o= I8 TR AL 3L LR 1 R AT SR e T AR 2
S AH LG TR B I T 12.2% 1 7. 0% s A
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Table 2 Effects of a-ketoglutaric acid spraying in stage V3 on soybean morphology indexes at

different levels of nitrogen application

=S JLEL P Eiil A BARR ST
Days after treatment/d Treatment Plant height/cm Stem diameter/cm Root length/cm Total leaf area/cm?
6 CK 14.22 + 0.44 ab .88 + 0.57b 19.04 + 0.54 a 16.20 + 0.06 ¢
CK +a 15.01 = 0.77 a .01 +£0.22 a 18.93 + 0.17 a 21.80 + 0.03 a
LN 13.10 + 1.50 ab .94 + 0.17 ed 17.17 £ 0.92 a 16.10 = 0.08 ¢
LN+« 13.86 = 1.07 ab .26 £ 0.26 ¢ 17.41 + 0.78 a 18.90 + 0.02 b
ON 12.29 + 1.04 b .58 +0.42d 14.77 + 0.47 a 15.40 + 0.04 ¢
ON +«a 13.33 + 1.45 ab .05 £ 0.11 ced 15.18 £ 1.05 a 16.00 + 0.07 ¢
12 CK 20.29 + 0.66 ab .95 £ 0.37 a 19.30 £ 1.10 a 37.80 + 0.33 a
CK +a 21.62 £ 0.70 a .26 = 0.35 a 19.82 + 1.88 a 40.00 £ 0.14 a
LN 19.20 + 1.63 ab .80 = 0.21 be 18.11 + 0.39 a 26.80 + 0.21 b
LN+« 19.83 + 1.37 ab .21 £0.12b 18.52 + 1.27 a 29.40 + 0.15b
ON 18.12 + 1.20 b .58 +0.03 ¢ 15.54 + 1.39b 20.80 + 0.20 ¢
ON +«a 19.30 = 1.57 ab .22 £ 0.40 b 15.71 +1.25b 22.00 + 0.27 ¢
18 CK 30.43 + 1.31 ab .93 +0.33b 21.60 + 3.30 a 65.00 + 1.68 b
CK +a 31.82 + 0.91 a .90 £ 0.67 a 22.36 + 1.05 a 69.58 + 0.76 a
LN 28.96 + 2.31 ab .79 £+ 0.54 cd 20.94 + 1.09 ab 55.93 + 1.13 ed
LN+« 29.49 + 1.83 ab .51 + 0.20 be 21.25 £ 0.72 a 58.62 + 2.41 ¢
ON 27.50 £ 1.35 b .35 £0.15d 17.64 + 0.24 ¢ 50.70 + 1.76 e
ON +«a 29.23 + 1.96 ab .35 + 0.48 be 18.26 + 1.18 be 54.34 + 1.18 d

T AR FERIR A HRIA S .35 22 5% (P <0.05) ,

Note: Different letters meant significant difference among treatments at 0. 05 level.

2.3 R aBR-BOLENMEETAXERZRNL
BE TR M

mE 3 Fs, 5 CK AL, IR AL 251 5 8 5 A6 4
RN O B T Y PR 0 i il ((NR) A4 2 Tk e 5 i i
(GS) AR 4 WM (GOGAT) FI 4% 4 R i & s
( GDH) {f X 3, ELIG 6 1 il 2 R0 38 1 i
BHREAR, SRR T, &0l - R AL B 1Y
KGR NR WP 8w, U R ASAT,
- N FRANFRIE I K AR BR NR 1 MEAH TR b
FHAEAR NR TR RGO T 14.6% . TEBRARTH N T

1T o B FR AL PR T 1 254 = GS R GOGAT 1) il
WM UHORE R AT, o B WA B HE
PEAR LT 2 FOR AT AT Ao Ak 23 % DR AR Bk 5 31 4
BT 33.3% 120, 1%, LM, TG PEAEBREUKSE R R
I RERZ 2] 1T 30 T AN o 158 — R Ak 2L AT A %0 2%
it it RO LR IR F , ELAEAR R T X L2 i
RO BT AR TR AT AR AT 2R Ak 28 %) R
GAEMK GDH B iE 4R T 16.5% SR FRSMNE
o= 3 R A AT LA S0 gk R RN KRR AR G
SHEE A R T
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activities, respectively.
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Fig.3 Effects of exogenous a-ketoglutarate on nitrogen assimilation enzyme activity

of soybean under low nitrogen level
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Fig.4 Effects of exogenous a-ketoglutaric acid on expression of nitrogen metabolism

genes in soybean under low nitrogen condition
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Fig.5 Effects of exogenous a-ketoglutarate on nitrogen metabolites of soybean seedlings under low nitrogen
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Fig. 6 Effects of exogenous a-ketoglutaric acid on nodule number

of soybean under low nitrogen level
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Fig.7 Effects of exogenous a-ketoglutarate on nodule growth and nitrogenase

activity of soybean under low nitrogen level
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Fig.8 Effects of exogenous a-ketoglutarate on soybean yield under low nitrogen level
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