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Effects of Seed Rhizobia Coating on Soybean Growth and Nodulation in
Heilongjiang Province
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Abstract: To explore the application effect of soybean seed rhizobium coating technology in Heilongjiang Province, Field
experiments were conducted in the Sanjiang Plain, northern Songnen Plain, western Songnen Plain, central Songnen Plain,
southern Songnen Plain, and hilly areas. Two treatments, conventional fertilization and rhizobial coating, were set up to
investigate and analyze the soybean yield and soybean nodule growth status of 73 households. Rhizobia can promote the growth
of soybean root nodules. The results showed that rhizobia could promote the growth of soybean root nodules. In the 0-30 cm
soil layer, the number of soybean root nodules increased, with the number and fresh weight of root nodules per plant increasing
by 9.349% -39.84% and 13.16% -44.90% respectively; the nodulation rate and the proportion of effective root nodules were
increased by 0.70% -16.79% and 1.25% -43.63% respectively. Rhizobia also promoted soybean growth, elongating the root
system by 3.32% -8.55% , increasing plant height by 0.42% -16.02% , and increasing the dry weight of above-ground parts
by 6.24%-19. 98% . In addition, they improved soybean yield, with the number of pods per plant increasing by 0. 57% -
10. 81% , 100-seed weight increasing by 1.87% -4.34% , and yield increasing by 6.44% -10.81% . The fresh weight of root
nodules was significantly positively correlated with soil available phosphorus content, the number of pods per plant was
significantly positively correlated with the number of root nodules per plant, and the yield was positively correlated with
nodulation rate. The technology of rhizobium coating on soybean seeds has good ecological adaptability in Heilongjiang
Province. It can significantly increase the number of soybean root nodules and the proportion of effective root nodules, enhance
the biological nitrogen fixation effect of soybeans, promote soybean growth, and increase the 100-seed weight. It can achieve
stable or increased yield while reducing nitrogen fertilizer application by 30% , and is suitable for popularization and
application in production.
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Table 1 Basic soil nutrient status of the experimental sites
BHLB Bl AR B
B M ‘ o . , FEARKL
Organic matter Alkaline N content/  Available P content/ Available K content/ pH
Experimental site Sample number
content/ (g+kg™") (gkg™") (mg-kg™") (mg-kg™")
=R IX 38.1 +£10.46 167.9 £48.03 36.7 +24.44 180.3 £89.03 6.0 +0.46 20
Sanjiang Plain
FABCF S L #8 43.5+5.54 191.3 £44.56 42.2 £18.11 205.5 £63.43 5.9+0.27 7
Northern Songnen Plain
AN S PG S 34.7 +13.57 167.6 +49.42 24.3 £10.83 202.2 +75.46 6.7+0.93 13
Western Songnen Plain
FABCF S5 7 36.4 +11.46 173.6 +56.56 41.8 +18.78 200.9 +60.93 7.2+0.87 10
Central Songnen Plain
P S5 g 7 35.4 +4.02 162.3 £33.27 45.2 £10.67 131.3+39.78 6.1+0.36 8
Southern Songnen Plain
FEEFILX 46.4 +16.40 207.5 +80.53 44.6 £13.35 167.5 £45.66 6.2 +0.44 15
Hilly areas
1.2 Rmigit B H RUMEAE (CK) AR B A AL B (RB) . 150
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X,
Note: A. Sanjiang Plain;B. Western Songnen Plain; C. Northern Songnen Plain; D. Central Songnen
Plain; E. Southern Songnen Plain;F. Hilly areas.
1 REEFN KRB HE RN
Fig.1 Effects of rhizobial agents on the distribution of soybean nodules
2.1.2 #BEIL W2 P AUREGRIACE R JRPUER AN BT I ER A IR BT R R 2 1

M 45 Rl 83. 88% ~ 100. 00% , ¥ 1H A
96. 66% ; BARRMIIRI RN 48 ~76 4, HI{H N 62 /5 B
PRARIEI L T4 0. 60 ~ 1.40 kg, Y 0. 88 kg; H ik
F9% 5 L 80. 42% ~92.20% , 41 F7 85.39% ., #
FUite AR &b B B K AR R 458 RN 91, 86% ~
99.35% ,¥{H 4 90. 80% ; HL Bk MR IR K 37 ~ 61
A BIE R 49 A FARRARR 6 FE 0 0. 40 ~ 1. 00 kg,
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5% BEAH b, = V0P SR A IBCT B AL A BT

XK 2590 R AT IR S 9. 08% ,10. 06% 0. 70% .
5.12% 16.79% F1 3. 24% , 45 A9 (& Lb 43 5045 e
1.30% 3.72% 5.06% 4.08% 43.63% F11.25% , 5.
FRAR 8 K 20 50 B4 0 39. 84% . 35. 81% . 9. 34%
21.09% 26.90% F1 26. 06% , HLARH3 J5g f 5 43 1) 186
f133.19% 36.58% 13.16% .24.36% 33.97% HI
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Table 2 Effects of rhizobia on soybean nodules

BRI AL PRk AR IR o AR 5 L
X 3, b B Number of root Fresh weight Proportion of
Tumor formation
Area Treament nodules per of root nodules effective root
rate/ %
plant/ 4~ per plant/g nodules/ %

SR IX CK 89.66 37.3 0.5 80.93
Sanjiang Plain RB 97.80 52.2 0.6 81.98
FABCP S LR CK 90.25 42.6 1.0 86.84
Northern Songnen Plain RB 99.32 57.9 1.3 90.07
FATCT- S P CK 99.31 56.9 0.6 82.26
Western Songnen Plain RB 100.00 62.2 0.7 86.42
FAHT S g CK 84.10 53.0 0.5 82.32
Cenlral Songnen Plain RB 83 88 64 1 0 7 85 68
FAICT S FE CK 85.63 60.5 1.0 58.48
Southern Songnen Plain RB 100. 00 76.8 1.4 84.00
Tl Ix CK 95.88 4.1 0.4 91.06
Hilly areas RB 98.99 55.6 0.5 92.20
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2.2 WEEFIXAKSLHEEREKBIMm 3.32% ; KRiE 43 AN 12.20% (14. 82% 14.29%
R 3 Frn, B ARJR BRI AL B8 5% BEAH 16.02% .0.42% F1 9. 13% ; #1 | 3+ 5 43 51 4 hin
VTR PARCE L MACE BROPE MACE R 16. 80% | 19. 98% . 8. 76% . 15. 78% . 6. 24% Al
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WN8. 55% (4. 87% 6. 94% 5. 06% . 6. 58% M KEMARFREIA AN, o BT EmIE .

®3 MEEFNXEEZEWEROZNE

Table 3 Effects of rhizobium agents on the main biological characteristics of soybeans

X 355 il (SN P M L FS T
Area Treatment Root length/cm Plant height/cm Above ground dry weight/g
={TFJRIX Sanjiang Plain Area CK 23.3 49.2 8.57
RB 25.3 55.2 10.01
FABEFE S AL Northern Songnen Plain CK 20.9 47.9 16.71
RB 22.0 55.0 20.05
FACE JEVE3 Westen Songnen Plain CK 24.4 66.5 9.32
RB 26.0 76.0 10.14
AT L FR Central Songnen Plain CK 22.8 46.2 12.67
RB 23.9 53.6 14.66
FAMCE J5E 3 Southern Songnen Plain CK 19.7 71.3 12.49
RB 21.0 71.6 13.27
e 2 111X Hilly areas CK 21.4 46.0 9.76
RB 22.1 50.2 11.04
2.3 WREEANKEFERFEHHR RN Jin 1. 98% . 0. 57% ., 10. 81% . 6. 11% . 4. 34% Fll

N3 4 s, EMARE E R 53 BAEE, = 5.05% , AR B0 1. 87% 2.59% . 1. 94%
IS A /N O o I VS T TN I VN e e 2.73% 2.00% F 4. 34% , 7= &4y M HE 5 8. 38% .
T PR R R S A e 2 1 XK SRR IERC A 7.42% 10.81% 5.68% 7.44% F18.86% .,

x4 MEEFANXEFERTEMMREI T

Table 4 Effects of rhizobia on soybean yield and yield composition

o 4 R HRLE i AR
Area Treatment Pods number per 100-seed Yield/ Yield increase
plant/4~ weight/g (kg+hm~2) rate/ %
ZYTJEIX Sanjiang Plain Area CK 32.9 18.8 2975. 44 8.38
RB 33.5 19.1 3224.76
FAMCEJFE AL Northern Songnen Plain CK 32.7 18.6 2757.71 7.42
RB 32.9 19.1 2962.21
FAMOT JFPE . Westen Songnen Plain CK 33.0 18.7 2854.93 10. 81
RB 36.6 19.0 3163.53
FAOF LR Central Songnen Plain CK 32.0 19.1 2770.77 6.44
RB 34.0 19.6 2949.29
WA BT B 6B Southern Songnen Plain CK 34.9 20.4 2609. 50 7.20
RB 36.4 20.8 2797.26
FBEEILIX Hilly areas CK 27.5 17.2 2276.49 8.86

RB 28.9 17.9 2478.08
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Table 5 Correlation analysis between root nodules and soil fertility

AP BRI S

AR IR SRR AMAYREL RURERE AU

T Alkali-

i H Available ~ Available ~ Tumor  Root nodules  Fresh weight ~ Proportion of
pH Organic  hydrolyzable
Item ) phosphorus  potassium Formation ~ number of root nodules effective root
matter nitrogen
content content rate per plant per plant nodules
content content
pH 1
AP
-0.050 1
Organic matter content
TR
-0.018 0.641" 1
Alkali-hydrolyzable nitrogen content
A .
-0.241 0.294" 0.221
Available phosphorus content
A »
0.261* 0.209 0.173 0.031 1
Available potassium content
-0.109 0.040 0.162 -0.167 0.051 1
Tumor formation rate
BRI AL
-0.089 0.14  -0.007 0.097 -0.074 0.218 1
Root nodules number per plant
BRI i
-0.079 0.059  -0.057 0.336" 0.228 0.157 0.322" 1
Fresh weight of root nodules per plant
AR i L
-0.212 0.173 0.093 -0.040 -0.149 0.350* " -0.049 0.004 1

Proportion of effective root nodules

WL A3 P<0.05;* * {3 P<0.01,

Note: * represents P<< 0.05; ™~ represents P<< 0.01.

2.5 WRESFENEXESNT

M 6 ATRIA L, AR ISHC S 4 R AR
SIURT A RAHR R o i 1 TR O, 5 O o e B
FHOE, 5 B AR R J0AY TR AR OGP 3k 35 K P (P <

0.05), FERHE 5459 3 A SR L&A

5, 5 BRI KM MR i L IEAR G
AR TR ARR KON B RR AR R i R L IE AT O
AR S R AR
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Table 6 Correlation analysis between root nodules and yield

SRR RPRIRK SRBRRUMSEE  AAURRIG -
) ) MR ERE .
i H Tumor Root nodules Fresh weight of Proportion of TR
Pods number 100-seed
Item formation number per root nodules effective root Yield
per plant weight
rate plant per plant nodules

e |
Tumor Formation rate
HBRAR R 0.165 1
Root nodules number per plant
R AT 0.130 0.284" 1
Fresh weight of root nodules per plant
AR L 0.295" 0.108 0.067 1
Proportion of effective root nodules
LRSS 0.077 0.257* 0.050 -0.137 1
Pods number per plant
[ER i -0.070 0.010 0.190 -0.044 0.118 1
100-seed weight
s 0.149 0.024 0.015 -0.022 0.297" 0.119 1

Yield

I " % P<0.05,

Note: * represents P<0.05.

3 i
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Tl M9 DAL A B AR RB AR i R 2 2590, 3 e
B 4R, 5 M A SR AT R R [ AR
Je DR B AR G AR R 5 38 o 348 n i b o 4R v
AR, AR PHEETAE0 ~20 em +)Z
w55 R S A VR AR BRI R B R AR R 2 4 e
20 ~30 em 55— KU R A, SRR
HEOR PRLRAR R fif B S N, 2599 R 5 0. 70% ~
16.79% , 5 SO i L3 1.25% ~43.63% .,

BRI K B e, A X2 5 K, A B
R i X 2E 5K, T BE i R[] X sl A
GRS BB R E A 55, Thurston 25 45
HORRESRIE R E 10 C LR, K S 858 B8 1 T %,

PARE R 2806 R 7 B ) B W S [) X 3 B &
ARG = VL SRR 7 e A X R, R A
FEF VLR, RHEARIR SRR T 2, KRR E &
WEAREAELK, ARG, A BOF A K & ik
FRRE B/ i BT D At DX, TG A BT I 7 3
PAURRARRE B R A, T RE R R T R R K AR,
RELAS T AR 980 A A2 %, A7 1 R R AT, AR 25t el 2D
T R A BT DR PG 50 - 4 pH 5 A A R
A AR A 54, MO R w0 T R B, AR
S TR S B ELA BRSO O AR SRR AR PR R A A
B R A AR T 20 mg - kg ™" B9 Hb B I i 0
JIEL 04 - 4 1 i 2 5 5 3 ) W P I 4 v
e R

AT R, 7= i 5 A ORI BN L R A
O, e E AR S R T, TT RE A [ A
T SRR IR L ; P S SRR B IR OG, 4598
K AT IRES KRG B AR, hREAEK
RATEZ /R E S, il s, WEES KTt
A R ARSI G 22 S B AR, =T
JE T AU + AR P A A AR A O TR A
o 1 T U O SO AR TR BT A B (SR AR UL PR
TR ) 5 40 BT Ji G 0L 44 A ol I e it 5 AR R TR
K7 PETLSL AR S



126 N 5
s Sciences, 2015, 2(3) ; 313-317.
4 e [10] TIAN C F, ZHOU Y J, ZHANG Y M, et al. Comparative
. S . SRR N genomics of rhizobia nodulating soybean suggests extensive
REF TR W AR R I T A BA R _ : " . :
e o " ¥ recruitment of lineage-specific genes in adaptations [ J ].
; T L e T R B P
ﬁ?ﬁﬁimﬁﬁj@, ﬁbﬁ%ﬁlﬁjkﬂd:ﬁgﬂ%nﬁﬁi*ﬁ Proceedings of the National Academy of Sciences of the United
e 7 He PR RS AR [ RO R R G AERK A States of America, 2012, 109(22) ; 8629-8634.
FIEREIN, AERIEWE 30% A R BT SE B ™ 3G, D] BROCHT, TR P EAURE M. Ut B
N S 2011 477.
AR R HET :
CHEN W X, WANG E T. Rhizobia in China[ M]. Beijing:
%%iﬁk Science Press, 2011 477.
[12] W2, XA, BHONS, 5. ps oA w0 B i
[1] xDeit. BRI E kG m L& EIEID]. K&, Hihk KE B A ERGAERKEE S HZ AL £ 2. el
2%, 2016. Bl 2022, 26(6) :72-77,82.
LIU G W. Study on the development of soybean industry in TIAN'Y X, GAO F J, CAO P P, et al. Effects of nitrogen-
Heilongjiang Province[ D]. Changchun: Jilin University, 2016. reduced inoculation with rhizobia on growth, yield and economic
(2] T3k BIRILAE KRG b & e i & PF o B 32 71 B AR 0 5% benefits of high-protein summer soybean in the Huang-Huai-Hai
[D]. MR, thak B T4 Zsm e, 2024, region. Hebei Agricultural Science, 2022,26(6) .72-77 ,82.
YU H. Research on quality evaluation and improvement path of (13] WANG X, LI D, JIANG J, et al. Soybean NAC gene family:
soybean processing industry development in Heilongjiang Province Sequence analysis and expression under low nitrogen supply[J].
[D]. Harbin; Party School of the Heilongjiang Provincial Biologia Plantarum,, 2017, 61(3) : 473-482.
Sl ST Y S ARSI [ LR
Committee of the Communist Party of China, 2024. [14] I)F)(Ji’ e ’ {FZ:&’ A RO R AR A A R ]
o p 8 — . AR A 2F4i%, 2009, 24(2) : 176-179.
(3] bk, AR, E5HE, 4. FEA T HEILR BT BT RIIEILL). fEletesdi )
s A . HAN X Z, QIAO Y F, et al. 1 ith,
BRI, FESAERE . 2023, 2(10) ; 889-894. WANG S Q N QIAO et al. Nodule growt
dulation and nitrogen fixation i b Glyci L.
SUN L, HAO P P, WANG W B, et al. Analysis of the current nodulation and nitrogen fixation in soybean ( Glycine max L.) as
L . . L . . . affected by nitrogen application [ J ]. Acta Agriculturae Boreali-
situation of soybean production capacity in China and exploration of
. . Sinica, 2009, 24(2) : 176-179.
improvement paths [ J]. Journal of Cold and Drought Agriculture
[15] Olsen K M, Ungerer M C. 2008. Freezing tolerance and cyano-
Science, 2023, 2(10) ; 889-894. o N | ( Trfol LRl )
) _ et o genesis in white clover rifolium  repens L. Fabaceae ).
(4] bt BEFOR IFVRUR X 96 K FUR T = LR B[ D . , ,
ke, AR 2021 International Journal of Plant Sciences, 169(9) : 1141-1147.
8 ¢ BT HEAR N 5 . N . "~ sl A — L, . N
MEZGJ oot o ) [16] JrifEe, ~HAEWE, BRES®, %, KOEKEE SHRIE RN
. ects of inoculating difterent rhizobia on altalta growt
’ ¢ R RS, 2014, 4(6): 14, 23.
and seed yield [ D ]. Urumqi: Xinjiang Agricultural o
FANG H Y, CUN Z X, CHEN J B, et al. Relationship between
University, 2021. . . .
plant development and root nodule formation of soybean [ J].
[5] HUNGRIA M, MENDES I C. Nitrogen fixation with soybean; The .
Journal of Agriculture, 2014, 4(6) . 14, 23.
perfect symbiosis? Biological nitrogen fixation [ M ]. New York: (171 TR, 2525, FT, 45 BIpITA A R E
hn Wiley & S 2015 1009-1024. ; - — ey v ws
John Wrey & Soms, 2002 . A S HOX L7 SR 0 B GG HE AT L ). o e 23
s o < b TR T b [ T e 5
61 M, Skf, 20, 5. A BT A it 5 . 2020, 3603, 8157,
Wy oz o RL22 . K
YE (1), KERE, 2014, 33(6) : 861-864. WANG Q J, LI X F, YAN P, et al. Main agro-meteorological
BALY, GUAN'D W, LT L, et al. Screening and characterization disasters Heilongjiang: Sequential characteristics and grey
of superior nitrogen-tolerance soybean rhizobia [ J . Soybean correlation analysis of their effects on soybean yield[ J]. Chinese
Science, 2014, 33(6) : 861-864. Agricultural Science Bulletin, 2020, 36(3) : 81-87.
(7] PMVREE, AR, SKE G, 8iE 2000 N2 FhomR 58 o 5 PR R Bk (18] 25K, Auik. T %, 2. Syt o 5 100 A 020
%##’fﬁk&faﬁﬂ’d%ﬂlﬂ[]]. 1’}5%%75\, 2022(4): 132-137. ﬁﬂ‘]?ﬁﬂrﬂ][ﬂ *Zzﬂk%%, 2024’ 45(2>: 159-169.
SUN Q S, YUAN C, ZHANG Y X. Effect of reduced nitrogen LIT, YU J, QIAO Y F, et al. Effect of short-term low
fertilizer application and rhizobia inoculation on the photosynthetic temperature on seedling growth and nodule nitrogen fixation in
characteristics and yield of black soybean[ J]. Crop Magazine, soybean[ J]. Chinese Journal of Agrometeorology, 2024, 45(2)
2022(4) . 132-137. 159-169.
(8] XUPHS, Frk, XIBNH, 5. ROMURRABROERERLIE (197 &8I0, 2. BUILFK A 40 K g A K, 4508
HER A BE B [ )], KELRME, 2014, 33(2) : 207-210. B[ T]. HIPIEZS 24,2003, 27(4) « 472-476.
LIU Q L, WANG J S, LIU L J, et al. Chosen of soybean rhizobia YUAN J G, YANG Z Y. Effect of nitrogen fertilizer and water
carrier and screening of the best concentration [ J]. Soybean conditions on long-beak cyanine growth, nodules, and nitrogen
Science, 2014, 33(2) . 207-210. fixation[ J]. Journal of Plant Ecology, 2003,27(4) ; 472-476.
9] SINGH A, BAOULE A L, AHMED H G, et al. Influence of phos- [20] Z5fhon, SefE22, £, 2 BT 540 F AR s

phorous on the performance of cowpea ( Vigna unguiculata (L)

Walp. ) varieties in the Sudan savanna of Nigeria[ J|. Agricultural

ARSI )], TRXWF5E, 1988, 5(1) : 9-18.
LIZY, GUAN G L, WANG W W, et al. Several problems in



5 1

A RS Ao MR T B AO BREVT A R AR K R S5 9R H5E )

127

[21]

[22]

(23]

[24]

[25]

[27]

[28]

[29]

rhizobia application under drought conditions in Xinjiang[ J]. Arid
Zone Research, 1988,5(1): 9-18.
XUEHE. B A F B AR AR 53 A1 5 58K 2 FRAE BT 5Y

[D]. H¥: PHILRMABHL R, 2013.
LIU X L. Study on distribution of deep fine roots and soil moisture
characteristics of jujube forest in Loess Hilly Region [ D ].
Yangling: Northwest A & F University, 2013.
EE, TR, DA, M ASRGERIKF T R AR R
W1 R S b1 AR P BRI ) ] Sk, 2013, 22(1)
95-102.
MA X, WANG L L, LI W J, et al. Effect of rhizobia inoculation
on alfalfa nitrogen fixation efficiency and seed production at
different nitrogen application levels [ J ]. Journal of Grass
Industry, 2013, 22(1) : 95-102.
BOGINO P, BANCHIO E, BONFIGLIO C, et al. Competitiveness
of a Bradyrhizobium sp. strain in soils containing indigenous
rhizobia[ J]. Current Microbiology, 2008, 56(1) ; 66-72.
RRR, M, FANE, S FUILE LS HOR BB 0 78
At R B B e (D] P R E Y AR,
2018, 40(6) : 866-871.
SUO Y Y, ZHANG X, SI X Z, et al. Effects of nitrogen fertilizer
management and Rhizobium inoculation methods on growth,
nitrogen uptake and yield of peanut[J]. Chinese Journal of Oil
Crop Sciences, 2018, 40(6) : 866-871.
AR, AW, XIBTE, 45, 5 BRAUR B %
[J]. ZlkRE¥, 2015, 32(1) : 101-106.
SHI M L, DENG B, LIU Z K,
rthizobial stains to alfalfa[ J].
(1):101-106.
W, 2, MR, S5 AR BRSO R T A K
SHRMEZIR )], BSEAOL R 2022, 59(4) : 810-817.
XU Y, LIL, XUY X, et al. Effect of rhizobia inoculation method
LJ].

PASE UL S

et al. Inoculation effects of five

2015, 32

Pratacultural Science,

on growth and nodulation of reast soybean
Agricultural Science, 2022, 59(4) . 810-817.
Egd, TT, RRIL, % KO EER RO N385 459
REJIArHI[I]. REFRI, 2017, 36(5) : 761-767.

WANG J S, DING N, WU J J, et al. Analysis of the inoculation

Xinjiang

effect of soybean rhizobia and the competitive nodulation ability
[J]. Soybean Science, 2017, 36(5) : 761-767.

XIS, K AR B S A 7 R B R R [T ] R 2
AREHET™,2011(4) :48-50.

LIU M Z. Effect of soybean rhizobium soil inoculation on yield and

Primary Agricultual Technology Extension, 2011

quality [J].
(4) . 48-50.

SRELPk, WhEAe, SCTM, AF. B U IO R K AR TR

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

R0 08 55 4 A J7 XS [T].
996-1002.
ZHANG H X, FENG R H, GUAN D W,

K E R, 2010, 29 (6):
et al. Screening of
superior soybean rhizobial strains and analyzing of different
inoculation methods in Loess Plateau Region of China [ J].
Soybean Science, 2010, 29(6) : 996-1002.
BB, Rk M]3 B db el
4, 2000.

SR A

BAO S D. Soil and agricultural chemistry analysis[ M ]. 3rd ed.

Beijing: China Agriculture Press, 2000.

[T It O = I NS 5 1 By R (1 0
WEIM]. dEa s E ARl H R, 2006.

QIU L J, CHANG R Z, LIU Z X. Descriptors and data standard

for melon ( Glycine spp. ) [ M]. Beijing; China Agriculture Press,

2006.

IR, AR, Fil, A5 RS- 4 AR R R

Jed S 1] KRERE, 2019, 38(3) : 413420.

ZHENG H Y, HUANG B L, WANG M X, et al. The effect of

nitrogen fertilizer reduction and Rhizobium inoculation on soybean

photosynthesis and yield[ J]. Soybean Science, 2019, 38 (3) .

413420.

ﬁﬂ‘ﬁé%, W, ZE¥, A5, AP AR BN R S R A AR
WEERL)]. KREREE, 2021, 40(1) : 98-105.

XUYX, XUY, LI L, et al. Effects of rhizobia inoculation on

nodulation and growth of spring soybean in southern Xinjiang[ J].

Soybean Science, 2021, 40(1) : 98-105.

FESL, PR, BESCE, A ARSI Ry 200 R AR

S B 1], SR, 2002(4) « 13-14.

TANG Y, LUL G, SUI W Z, et al. Effect of different methods of

rhizobia inoculation on the distribution and yield of soybean

nodules[ J]. Modern Agriculture, 2002(4) : 13-14.

THURSTON C L, GROSSMAN J M, FUDGE R, et al. Cold

stress reduces nodulation and symbiotic nitrogen fixation in winter

annual legume cover crops [ J]. Plant and Soil, 2022, 481

661-676.

ALMEIDA J P, HARTWIG U A, FREHNER M, et al. Evidence

that P deficiency induces N feedback regulation of symbiotic N,

fixation in white clover ( Trifolium repens L.) [ J]. Journal of

Experimental Botany, 2000, 51(348) . 1289-1297.

Fhi, VHEE. ARURE S KSR R AR

PEWRFEL]. e E SRR, 2009(5) : 72-76.

WANG J, XU X H. Studies on ecological adaptability of

T

Rhizobium to soybean and soil[ J]. Soil and Fertilizer Sciences in

China, 2009(5) : 72-76.



