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Effects of Microbial Fertilizers Application Methods on Growth and
Development of Soybean Seedlings and its Yield in Saline-Alkaline Soil

TENG Qianying', CUI Mingyuan', JIANG Haiying', WU Nan®, LIU Yulan®"
(1. Tonghua Academy of Agricultural Sciences, Tonghua 135007, Jilin, Chinaj 2. Jilin Agricultural Science and Technology University, Jilin 132101,
Jilin, China)

Abstract: To clarify the effects of different microbial fertilizers application methods on the growth, development and yield of
soybean seedlings in saline-alkaline soil and promote the practical application of microbial fertilizers in efficient soybean
cultivation on saline-alkaline land, Jiyu 86 was selected as the soybean test variety. In 2023 and 2024, 6 treatments were set
up, including conventional fertilization (CK) , seed treatment with microbial fertilizer (B), microbial fertilizer applied as a
basal fertilizer (D), microbial fertilizer applied as a foliar spray (Y ), microbial fertilizer applied as seed treatment + foliar
spray (B + Y ), and microbial fertilizer applied as basal fertilizer + foliar spray (D + Y ). The agronomic traits,
photosynthetic characteristics, antioxidant enzyme activities and MDA content of soybean seedlings at the V4 stage were
measured, and yield and yield components were assessed at maturity to study the effects of microbial fertilizers on soybean.
The results indicated that the application of microbial fertilizers significantly increased soybean seedling height, root length,
number of nodules and leaf area per plant compared to the CK. Microbial fertilizers also significantly improved the net
photosynthetic rate (P, ), stomatal conductance (G, ), transpiration rate ( T.) and chlorophyll content ( SPAD value) of
soybean leaves, while reducing the intercellular CO, concentrations ( C;). The application of microbial fertilizers enhanced the
activities of superoxide dismutase (SOD) , peroxidase (POD), and catalase (CAT) , and significantly reduced the content of
MDA. Additionally, microbial fertilizers contributed to an increase in soybean yield, effective pod number per plant, seed
number per plant, seed weight per plant, and 100-seed weight, with significant effects. Among the treatments, the D + Y
treatment showed the best overall effect, followed by the B + Y treatment. Both treatments differed significantly or highly
significantly compared to CK, with yield increases of 26.49% and 22. 82% respectively. In conclusion, the application of
microbial fertilizers can alleviate the inhibitory effects of saline-alkaline stress on soybean seedling growth to varying degrees,
thereby improving yield. The D + Y treatment has the most significant promoting effect on seedling growth and yield, followed
by the B +Y treatment. The research shows that the application of microbial fertilizer in soybean production in saline - alkaline
soil can alleviate the saline-alkaline stress, and a better effect can be achieved with rational application. The results can
provide a reference for the rational application of microbial fertilizer in soybean planting in saline-alkaline soil.
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Table 1 Effects of different treatments on agronomic traits of soybean seedlings

LSS
Root length/cm

sk ie

Rhizobium number/}>

BRI TR

Leaf area per plant/cm?

Ey Jb3 73
Year Treatment Plant height/c¢m
2023 CK 25.52+1.71 Ab
B 27.45 +1.03 Aab
D 26.86 +0.95 Aab
Y 26.19 +1.73 Aab
B+Y 28.62 +0.58 Aab
D+Y 29.37 +0.64 Aa
2024 CK 23.93 +0.58 Ab
B 25.85 +0.30 Aab
D 24.95 +0.40 Aab
Y 24.36 £0.75 Ab
B+Y 26.72 £0.51 Aa
D+Y 27.25 +0.51 Aa

21.51 £0.90 Ee
23.86 +1.18 BCc
23.53 +1.04 Cc
22.36 +1.18 Dd
24.48 +0.94 Bb
25.36 +0.76 Aa
19.16 +0.69 Ef
21.25+0.73 Ce

20.94 +0.74 Cd
19.88 £0.71 De
21.78 +0.83 Bb

22.47 £0.84 Aa

18.50 +1.23 Ab
21.85 +1.33 Aab
21.27 +1.28 Aab
20.70 +1.02 Aab
23.76 £0.77 Aa
24.36 £0.77 Aa
17.05 +1.01 Ab
19.67 +1.22 Aab
19.23 +1.16 Aab
19.15 +1.25 Aab
21.37 £0.96 Aa

21.94 +1.06 Aa

132.63 +0.35 Dd
150.48 +£0.78 Cc
153.56 +0.41 BCb
155.39 +0.65 Bb
168.14 +1.35 Aa
170.36 £1.93 Aa
127.94 +1.30 Ce
134.80 +1.41 BCb

136.60 +1.72 Bb
138.11 +1.72 Bb
149.37 +2.10 Aa

151.43 £3.04 Aa

& RS R ARNG FHFRZR B3 (P <0.05) , ARIKRE FHFREZRBEH (P <0.01),

Note ; Different lowercase letters following the data in the same column indicate significant differences at P <0. 05, while different uppercase letters

denote highly significant differences at P <0.01.
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Table 2 Effects of different treatments on photosynthetic parameter of soybean seedlings

ALY s EID e LS SALRE M) CO, He 32 ZEM R
Year Treatment P,/(mol'm™2:s7") G./(mmol-m™2:s7") C./(uL-L7Y) T./(mmol-m~2+s7")
2023 CK 18.50 +0.81 Cd 0.48 +0.06 Bc 317.86 £5.61 Aa 3.14+0.10 Cd
B 20.80 +0.67 BCe 0.61 +0.07 ABb 303.49 £6.97 ABb 3.76 +0.21 BCe
D 21.90 +0.45 ABChe 0.65 +0.07 ABab 300.51 +9.54 ABCb 3.89£0.10 ABc
Y 22.37 +0.87 ABbec 0.60 +0.04 ABb 291.65 +5.69 ABChe 4.06 +0. 15 ABbc
B+Y 24.31 £0.94 Aab 0.71 £0.09 Aab 273.67 £9.29 BCe 4.36 +0.10 ABab
D+Y 25.52£0.97 Aa 0.75+0.07 Aa 271.54 £6.84 Ce 4.49 +0.17 Aa
2024 CK 16.65 £0.38 Dd 0.44 +0.05 Be 281.49 £2.50 Aa 2.79 £0.04 Be
B 18.35 +0.42 CDec 0.57 +0.04 ABb 267.13 £5.54 ABb 3.370.15 Ab
D 19.71 +0.98 BChe 0.59 +0.04 ABab 263.95 +6.27 ABCb 3.46 £0.02 Ab
Y 20.13 +0.51 BCb 0.55 +0.04 ABb 259.65 +5.01 BCDb 3.52+0.08 Aab
B+Y 21.93 +0.55 ABa 0.64 +0.08 Aab 242.33 +6.05 CDc 3.80£0.19 Aa
D+Y 22.88+0.59 Aa 0.68 +0.06 Aa 240.02 +3.29 De 3.910.12 Aa

BB EAR/ NG FREFR R E R B F (P <0.05) , RAKE FRFREFWBF(P<0.01),
Note ; Different lowercase letters following the data in the same column indicate significant differences at P <0. 05, while different uppercase letters

denote highly significant differences at P <0.01.
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Ui B 3 il 0 2E W oA R BB 8 4 R R LA i R Y
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Table 3 Effects of different treatments on SPAD value
and MDA content in leaves of soybean seedlings

in saline alkali soil

Ay b3 SPAD {H MDA &5
Year Treatment SPAD value MDA content
2023 CK 29.51 +1.64 Be 24.94 0.4 1Aa
B 32.83 +1.16 ABbc  20.91 +1.07 Bb
D 34.31 +1.13 ABabc 19.76 +0.72 Bbc
Y 33.52 +1.16 ABabc 20.43 +1.14 Bbe
B+Y 35.62+0.72 ABab  17.16 +1.13 Bbe
D+Y 36.58 £1.79 Aa 16.58 =1.10 Be
2024 CK 28.15 +0.72 Dd 22.35 +0.30 Aa
B 30.37 £0.79 Ce 19.06 £0.28 Bb
D 31.06 +0.68 BChe  17.99 +0.92 Be
Y 31.63 £0.47 Bb 18.59 £0.61 Bhe
B+Y 33.19 £0.78 Aa 15.62 £0.32 Cd
D+Y 33.31 +£0.46 Aa 15.14 £0.35 Cd

T FFEE A ARG FRER R 22 57 3 (P <0.05) , ARIR

By RFRREFWEE(P<0.01),

Note; Different lowercase letters following the data in the same

column indicate significant differences at P < 0. 05, while different

uppercase letters denote highly significant differences at P <0.01.
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Table 4 Effects of different treatments on antioxidant enzyme activity of soybean seedlings

EEO) Ab B
Year Treatment S0P rop AT
2023 CK 57.86 +1.00 Be 5.56 £0.09 Bb 3.47 £0.07 Ac
B 64.13 +1.35 ABabc 5.95 +0.13 ABab 3.86 +0.17 Aabc
D 63.57 £1.26 ABbc 5.88 £0.11 ABab 3.94 +0.18 Aabc
Y 63.53 +1.07 ABbe 5.81 =0.07 ABab 3.81 0. 14 Aabc
B+Y 68.52 +1.93 Aab 6.15 +0.06 Aa 4.27 +0.14 Aab
D+Y 68.86 £1.10 Aa 6.23 £0.14 Aa 4.46 £0.21 Aa
2024 CK 54.08 £1.12 Be 4.89 +0.10 Bb 3.22 +0.09 Ac
B 58.44 +1.03 ABabc 5.39+0.18 ABa 3.51 £0.22 Aabc
D 57.22 +1.13 ABbe 5.34£0.12 ABa 3.59 +£0.23 Aabc
Y 57.18 +1.47 ABbc 5.28 £0.10 ABa 3.47 0. 18 Aabc
B+Y 60.67 +1.23 Aab 5.56 £0.13 Aa 3.89 +0.18 Aab
D+Y 61.98 £1.29 Aa 5.63 £0.13 Aa 4.04 +£0.23 Aa

T RISV G AR R/ NS FREFRR 2 5 B3 (P <0.05) , AFKE FRFRERWBE(P<0.01),

Note ; Different lowercase letters following the data in the same column indicate significant differences at P <0. 05, while different uppercase letters

denote highly significant differences at P <0.01.
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2.6.5 F% A YREIERRS S & KT,
D+ Y ZbBH= A, A 1 887.82 kg-hm 2, £5AbBH
FED+Y>B+Y>D>Y>B>CK,Hf D+Y B
+Y.D.Y F403 5 CK ¥ 2 54 0 3 B A# 5 CK
EZREED+Y B+YMMEEFAEE D+Y B
+Y b5 DY B £ R EE DY 5
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Table 5 Effects of different treatments on soybean yield and yield components
FRRA RO . , , T
BARRRLEL AL HRLE e
i Effective pods ] ]
Seeds number Seed weight 100-seed Theoretical yield/
Treatment number per
per plant/1> per plant/g weight/g (kg-hm~?)
plant/ 4~
CK 20.38 £0.79 Ab 43.75 £0.82 Be 7.43 £0.38 Ab 17.56 £0.47 Ab 1492.46 +78.61 Cd
B 21.46 £0.71 Ab 44.92 +0.72 Bde 7.98 £0.44 Aab 18.53 £0.45 Aab 1580.28 £93.02 Ce
D 22.87 +£0.86 Aab 46.84 +0.59 ABcd 8.51 £0.62 Aab 19.02 +£0.76 Aab 1706.08 +70.89 Bb
Y 21.93 +0.97 Aab 47.36 +0.87 ABbc 8.52 +£0.94 Aab 18.83 +0.67 Aab 1698.21 +73.53 Bb
B+Y 24.13 +£0.72 Aa 49.30 +0.83 Aab 9.21 £0.77 Aa 19.76 £0.56 Aa 1833.07 £74.43 Aa
D+Y 24.56 +0.83 Aa 50.03 +0.81 Aa 9.38 £0.71 Aa 19.99 +0.78 Aa 1887.82 +84.30 Aa

T RSV ER 5 AR R NE FREFRR 22 57 B3 (P <0.05) , A KE FRFRRERWBE (P <0.01),

Note : Different lowercase letters following the data in the same column indicate significant differences at P <0. 05, while different uppercase letters

denote highly significant differences at P <0.01.
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