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Effects of Chemical Fertilizer Combined with Compound Microbial Fertilizer on
Nutrient Accumulation, Yield, and Quality of Soybean

FU Chenye', LI Duo', TENG Siyuan', JIN Xijun', ZHANG Yuxian'”, CAO Liang', WANG Mengxue'

(1. Agricultural College, Heilongjiang Bayi Agricultural Reclamation University, Daqing 163319, China; 2. National Cereals Engineering Technology
Center, Daqing 163319, China)

Abstract: In order to elucidate the effects of compound microbial fertilizer on soybean growth and yield in the northern region
of Northeast China, two soybean varieties, Jinyuan 55 (P1) and Keshan 1 (P2), were selected for the experiments conducted
in 2021 and 2022. Three treatment groups were established: T1 (conventional fertilization CK) , T2 (50% nitrogen fertilizer
+ complex microbial fertilizer) , and T3 ( without nitrogen fertilizer + complex microbial fertilizer). The objective was to
compare the effects of different fertilization treatments on dry matter quality, nutrient accumulation, and soybean yield at
various stages, in order to provide a theoretical basis for the rational use of compound microbial fertilizer in soybean
cultivation. The results indicated that, compared to the T1 treatment, the T2 treatment led to increased nutrient uptake by the
soybean, particularly nitrogen, phosphorus, and potassium. Furthermore, the T2 treatment exhibited the highest nutrient
utilization efficiency across both soybean varieties. In contrast to the chemical fertilizer treatments (T2 and T3 ), the
compound microbial fertilizer significantly improved the protein quality of soybeans. However, it also significantly inhibited the
fat content of soybeans, with the fat content being notably higher in the T1 treatment compared to the T2 and T3 treatments. In
2021, for the Jinyuan 55 (P1) variety, the soybean yield under the T2 treatment increased by 13.02% compared to the T1
treatment, while it decreased by 9.34% under the T3 treatment. Similarly, for the Keshan 1 (P2) variety, the soybean yield
under the T2 treatment increased by 5.34% compared to the T1 treatment, while it decreased by 9.26% under the T3
treatment. In 2022, the soybean yield of the Jinyuan 55 (P1) variety under the T2 treatment was 12. 60% higher than that
under the T1 treatment, whereas it was 17.23% lower under the T3 treatment. For the Keshan 1 (P2) variety, the soybean
yield under the T2 treatment increased by 20.43% compared to the T1 treatment, while it decreased by 11.41% under the T3
treatment. To summarize, the two-year experiment revealed that soybean yield exhibited a weak correlation with variety
selection but a strong correlation with the fertilization gradient. Moreover, soybean yield was dependent on the application rate
of compound microbial fertilizer. Under conditions of low application rates of compound microbial fertilizer, the effect of
chemical fertilizer was more pronounced; however, its efficacy diminished as the application rate of compound microbial
fertilizer increased. This study provides a theoretical basis for the rational use of compound microbial fertilizer in soybean
cultivation.
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Fig. 1 The temperature and rainfall in 2021 and 2022
F1 0~20 cm HIEEREBUMER
Table 1 Basic physical and chemical properties of the 0-20 cm soil layer
P R T TR AL fax:ia
. pH Alkali-hydrolyzed Available phosphorus/ Available potassium/ Organic matter/ Bulk density/
ear
nitrogen/ (mg-kg ') (mg-kg™") (mg-kg™") (g-kg™") (grem™)
2021 6.30 141.80 30. 60 180. 00 17.94 1.26
2022 6.14 137.92 21.79 177.35 15.30 1.18
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Table 2 Specific fertilization configuration

S BEAR S A AWML SR
PR - , o B N B
Qb p Heavy Potassium Compound Total phosphorus
Urea/ Total nitrogen/ Total potassium/
Treatment superphosphate chloride/ microbial content/
(kgehm™2) (kg-hm™2) (kgehm™2)
calcium/ (kg-hm~2)  (kg-hm~?) fertilizer/ (kg-hm ~2) (kg-hm~2)
175.95 229.95 112.5
T1(CK) 0 54 67.5 37.5
(54.0) (67.5) (37.5)
87.90 137.85 72.0 2023.95
T2 54 67.5 37.5
(27.0) (40.5) (24.0) (1.3:1.3:0.6)
- 0 15.30 27.0 4048.05 ” 58.5 36.0
(0) (4.5) (9.0) (1.3:1.3:0.6) (30.7) (4.5)

L 355 HO AR S N P05 K, 0 &t 7L b J5 T A BE AN H N (P, O (K, O &, T3 AR o 52 45 A A BT R ke i) W40
i, AR TR S AL A AL 6 3 AR HR ] A 2 Dt AL R AR AR T k48 N P, 05 (K, 0 il EARUEYAL T 5 BV A B Ao

Hefl,

Note ; The contents of N, P,05 and K, O in the fertilizer are shown in the brackets. After the reduction of the fertilizer, the contents of N, P,Osand

K, O in the fertilizer are made up by composite microbial fertilizer. The lack of phosphorus and potassium in the composite microbial fertilizer in the T3

treatment is made up by the fertilizer amount below the parentheses, so that the contents of N, P, Oy and K, O in the three treatments will not be changed

due to the change of fertilizer application. The ratio of nitrogen, phosphorus and potassium elements in brackets under composite microbial fertilizer.
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Table 3 Effects of chemical fertilizer with microbial fertilizer complex on dry matter quality of soybean

< N 2
i”ﬁ’ fﬁff b5 # e i nt S FERL
period Treatment Root/g Stem/g Petiole/g Leaf/g Pod or pod skin/g Seed/g
2021 AR P1T1 4.03+0.49 a 5.60+0.15 a 2.71+0.15 a 6.59+0.22 a
Blooming PIT2 3.22+1.07 a 5.58+1.14 a 2.76 +0.36 a 8.31+1.60 a
stage PIT3 3.74+£1.22 a 5.96 +0.80 a 3.12+0.68 a 8.83+1.40 a
P2T1 4.21£0.72 a 4.69 £0.61 a 2.18+0.48 a 5.72+1.20 a
P2T2 2.73+0.73 a 6.01 £2.00 a 3.17+1.31 a 8.60+2.40 a
P2T3 2.77 £0.56 a 5.19+0.93 a 2.61+1.03 a 7.30£2.00 a
TS PIT1 2.96 +0.64 a 4.88+0.45b 2.92+0.25 b 3.98+0.64 b 0.51+0.22 a
Full pod PIT2 3.42+0.50 a 7.00+1.11 a 4.47 £0.64 a 6.63+0.95 a 0.84+0.22 a
stage PIT3 3.40+£0.95 a 5.65+1.30ab  3.59+0.67ab 4.98+1.01b 1.00 £0.42 a
P2T1 5.29+1.49 a 7.12+2.35 a 4.43£1.89 a 6.01 +2.70 a 0.93+0.42 a
P2T2 4.31£0.80 ab  5.89+0.79 ab 3.75+0.60 a 4.77£0.26 a 0.73+£0.29 a
P2T3 3.25+1.00 b 4.03+£1.25b 2.38+0.80 a 4.47 £2.06 a 0.72£0.30 a
giokirpiy PITL 3.51+0.82 a 6.24+1.60 b 2.36+0.48 b 4.11£1.05b 3.19+0.78 b 4.20+0.92 b
Mid seed PIT2 4.24+0.54a 11.13%1.21 a 4.13+0.87 a 6.04+£0.72 a 6.41£0.99a 7.22+1.6l a
filling stage  P1T3 3.33+0.32 a 6.85+1.27 b 2.56+0.42 b 4.38+£0.49 b 4.51+£0.74b  6.47+1.44 ab
P2T1 3.81+1.35ab  9.59+2.91ab 4.29+1.08 a 6.10 £1.30 ab 3.81+1.01 b 4.97x1.41 a
P2T2 5.02+1.47a 12.77+2.10 a 5.07+1.18 a 8.44+1.95a 6.55+1.63a 7.46+1.21 a
P2T3 2.66+0.93 b 6.96+1.89 b 2.31+0.87 b 3.71+1.15 b 4.46 £1.30 ab 6.97+2.10 a
2022 BEAE I P1T1 1.37+0.52 a 2.54+0.84 a 1.74£0.43 a 4.24+1.41 a
Blooming PIT2 1.41 £0.39 a 2.84+0.68 a 1.62£0.57 a 4.29+1.25a
stage PIT3 1.30£0.32 a 2.14+0.44 a 1.25+0.31 a 3.70+0.82 a
P2T1 1.29£0.31 a 2.97+0.50 b 1.79£0.35 a 4.03+0.73 b
P2T2 1.99 £0.31 a 3.80+0.39 a 2.49+0.44 a 5.61+0.77 a
P2T3 1.37£0.52 a 2.54+0.84 b 1.74£0.43 a 4.24 £1.41 ab
TSI PIT1 3.17+0.70 a 7.26£0.92 b 3.76 £0.34 a 7.74 £1.07 ab 1.39£0.44 a
Full pod PIT2 3.68+1.36 a 9.44 +£1.66 a 3.94+0.63 a 9.31+2.78 a 1.47 £0.64 a
stage PIT3 3.08+£0.55 a 5.64+1.03 b 2.81+0.31 b 5.65+0.94 b 1.69 £0.75 a
P2T1 2.80+0.54 ab 6.45+1.04 b 3.14+0.54 b 5.74+£0.90 b 1.95+0.43 b
P2T2 3.77+0.93a 11.03+1.80 a 5.16+0.48a 10.76 +1.42 a 3.12+0.81 a
P2T3 2.53+0.39 b 5.09+0.74 b 2.51+0.41 b 5.78+0.79 b 1.68 £0.48 b
giokirp iy PITI 2.57+0.85 a 9.76 +0.83 a 4.27+0.37 a 8.79+0.87 a 7.23£0.80 a 6.58 £0.85 a
Mid seed filling P1T2 3.23+0.39 a 8.50+1.08 a 3.58+0.62 ab  7.51+1.22 ab 6.10+£1.22ab 5.95+0.84 ab
stage PIT3 2.74+£0.57 a 6.56+1.25b 3.29+0.64 b 6.17+1.42 b 4.52+1.31b  4.40+0.87 b
P2T1 2.98+0.38ab  9.92+1.23 b 4.17+0.67 b 7.95£2.16 ab 6.43 £0.75 b 8.50 +0.53 ab
P2T2 3.80+1.26a 14.55+2.08 a 5.86+0.69a 11.71+2.03 a 9.35+1.42a 10.35%2.49 a
P2T3 1.86+£0.35 b 7.54£1.03 b 3.29+0.58 b 7.43 £2.86 b 5.20£1.62b  5.77+2.38b

T AR NG FREZE SR B3 (P <0.05) , FIA, BSNIE 23F-H Bht, BOss -0 i e € K Akph-F- 24 il

Note: Different lowercase letters indicate significant difference( P <0.05), the same below. Full pod dry matter quality was measured at full pod

stage, pod skin dry matter quality and seed dry matter quality were measured respectively at mid seed filling stage.
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A3 AT PITL, 9 B2 FAF KL P1T3 Ab 2 & 2K
T PITL,# PIT1 KB 5380/ )N 29. 73% F151. 42%
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Table 4 Effects of chemical fertilizer with compound microbial fertilizer on nitrogen accumulation

in various organs of soybean Bif kg +hm ™’
£y pusE] i E 1% - B FPHL S
Year Treatment Root Stem Petiole Leaf Pod skin Seed Total
2021 PIT1 11.09 £2.60 a 12.97 +3.32 a 3.44+0.69 a 26.31+6.7 a 9.99+2.45 ¢ 62.52+13.75a 126.32+21.43 a
P1T2 9.18+1.16 a 13.05+1.42a 3.13+0.66 a 32.90+3.95a 20.80+3.22a 85.92+19.17a 164.98 +26.08 a
PI1T3 11.72 +1.11 a 11.96 £2.21 a 3.53£0.57a 27.70+3.10a 15.87+2.62b 84.01 £18.66 a 154.80 £26.59 a
P2T1 11.63 4. 11 a 14.55+4.41 b 4.68 +1.18 ab 38.57+8.25b 10.51 +2.78 b 70.50 £19.97 a 150.45 £30.67 b
P2T2 11.64 +3.41 a 21.99+3.62a 5.89+1.38a 64.91+14.96a 21.84 +5.46 a 98.78+15.96 a 225.06 +28.05 a
P2T3 7.50+2.63a 8.90+2.42b 2.82+1.07b 22.97+7.14b 15.06+4.40 ab 90.58 +27.33 a 147.82 +41.10 b
2022 P1TI 8. 11 £2.67 a 20.28 +1.72 a 6.22+0.55a 56.32+5.55a 22.64+2.50a 97.96+12.70 a 211.54 +20.39 a
P1T2 7.00£0.83a 9.97+1.27b 2.71+0.47 ¢ 40.91+6.64 b 19.80+3.94 ab 70.79 £10.04 ab 151.18 £14.33 b
PI1T3 9.64+£2.02a 11.46+2.19b 4.54+0.88 b 39.03+8.97 b 15.91+4.61b 47.59+23.67b 128.17 +37.89 b
P2T1 9.09+1.17a 15.05+1.87b 4.55+0.73 b 50.31+13.68 b 17.75+2.08 b 120.58 +7.51 a  217.33 +20.88 b
P2T2 7.35+4.23 a 25.05+3.58a 6.81+0.81a 90.02+15.61 a 31.20+4.73 a 137.02 £33.01 a 297.45 +£49.25 a
P2T3 5.23+1.00a 9.63+1.32¢ 4.02+0.71b 46.01 £17.73 b 17.57 £5.46 b 74.98 +30.90 b 157.44 +49.46 b
2.2.2 BEEMRRE WHES Ui, 762021 4FiR5  61.90% F158.08% (P <0.05), 5@l 1 5 (P2) MR,

H G IR 55 (PL ) MR AR I FRFRLBE R AL 2R P1T2 |
PIT3 Ab3E 5 PIT1 Zb3E)JC 2 25 5 i 25 4R i
JEH KRR S PIT2 A0 BRI B T PITL b
PR 8 70. 6% (48. 00% (41.11% .93. 15% .

MpE R LR P2T3 AbFEYY i &K T P2T1 AZb 2, 45 5]
W/NT 52.34% F 46.05% (P <0.05) , 25 3% Je
RS P2T2 A FEY i 28 5 T P2T1 AbH, 4y
SN 47.25% [79.76% F1 38.26% (P <0.05) ,
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Table 5 Effects of chemical fertilizer with microbial fertilizer complex on phosphorus accumulation

in various organs of soybean Hif kg +hm ™
o l f E> b i ek ¥k it
Year  Treatment Root Stem Petiole Leaf Pod skin Seed Total
2021 P1T1 0.84+0.20ab 1.37+0.35b 0.50+0.10b 0.90+0.23 b 0.73+0.18 b 1.47 £0.32 b 5.82+0.96 b
P1T2 1.06 £0.13 a 2.34+£0.25a 0.74+0.16 a 1.27 £0.15 a 1.41 +0.22 a 2.38+0.53 a 9.20+£1.20 a
P1T3 0.80 £0.08 b 1.30£0.24b 0.46+0.07 b 1.05+0.12 ab 1.04+0.17 b 1.94£0.43 ab 6.59+0.99 b
P2T1 1.07 £0.38 a 1.82+0.55b 0.82+0.21 ab 1.52+0.33a 0.84+0.22 b 1.64 £0.46 a 7.71£1.57 b
P2T2 1.05+0.31 a 2.68 £0.44 a 1.01 £0.24 a 1.94 +0.45 a 1.51£0.38a 2.46+0.40a 10.66+1.56 a
P2T3 0.51 £0.18 b 1.32+0.36 b 0.48+0.18b 0.82+0.25Db 1.03£0.30 ab 2.02 +0.61 a 6.17+1.70 b
2022 PIT1 0.62+£0.20 a 2.15+0.18a 0.90+0.08 a 1.93+0.19 a 1.66 +0.18 a  2.30+0.30 a 9.56 £0.83 a
PIT2 0.81 +£0.10 a 1.78 £0.23 a  0.64+0.11 b 1.58 +0.26 a 1.34 £0.27 ab 1.96 £0.28 a 8.12+0.77 a
PI1T3 0.66 +0.14 a 1.25+0.24b 0.59+0.11b 1.48 +0.34 a 1.04 £0.30 b 1.10 £0.55 b 6.12+1.44 b
P2T1 0.83+0.11 a 1.89+0.23 b 0.79+0.13 b 1.99 £0.54 ab 1.42+0.17b 2.81+0.17 a 9.72+£1.15b
P2T2 0.67 £0.38 ab 3.06+£0.44 a 1.17+0.14a 2.69+0.47a 2.15+0.33 a 3.42+0.82a 13.15+1.93 a
P2T3 0.35+0.07 b 1.43+0.20b 0.69+0.12 b 1.64 £0.63 b 1.20+£0.37 b 1.67 £0.69 b 6.98+1.64 ¢
5 2022 AFIRE P, IR 55 (P AR HARBREITE SR SERPRAT R AR P2T2 \P2T3 ZLHHLY P2T1 AR

WEZES MZE AW IR FPRLFLE & PIT3 b PR &
ELF PIT1 Ab 3, 23 5198/ 41. 86% 34.44% |
37.35% 52.17% #135.98% (P <0.05) , Wi T2 kb
FLEEART PITI AbBE, FE1li 1 5 (P2) R FFRLBE
KRR P2T3 AP I T P2T1 b3, 43
SIS/ 57. 83% .40, 57% F128.19% (P <0.05) ;
ZE W R A R P2T2 AN B T
P2T1 ALFE | 3 4810 61. 90% 48. 10% 51.41% F
35.29% (P <0.05) ,

2.2.3 4FEMREE  WHE6 Fin,7E 2022 Fil K
A 55 (PL) RO AR S R AR P1T2 \PIT3 &b
5 PITL ACFRIA]JC 25 25 57, T 25 2 FFRLAILE
T PIT2 ZbBRY 27T PIT1 AbF (P <0.05) , 4351
P15 39.44% 56.21% 112.09% F151.70% , 51l 1

PRIE)TC B 25 5, JE AR P2T2 Ab PR B & & T
P2T1 L3R (P <0.05) , 73534 92. 129% F01 36. 84% ;
1 A R R P2T3 bR W R T P2T1 Ab 3R
(P <0.05) , 538N 44.75% F1 64.13% .,

ik 6 fran , 7E 2022 AR50, 408 55(P1) /Y
R FFRIAPE LR PIT2 PIT3 4035 P1T1 Ab 3 [H]
To 25, M 2K A i 3 RS & PIT2  PIT3
ARFR R E LT T AR, 3Tl 1 S AR R AT
FiE R R 2 P2T2 . P2T3 A5 P2T1 4 B[]
TR EZER 2L AR P2T2 B B ST
P2T1 AZbFR, 43 513840 44. 30% 66. 43% i 32. 32%
(P <0.05),25 M- FlE 5 P2T3 AbBRY B KT
P2T1 AbBE, 43 5108/ 36. 53% .44. 83% F1 29. 63%
(P<0.05),

xo6 UBEEEAHMENMENKERRERZREENEMN

Table 6 Effects of chemical fertilizer with microbial fertilizer complex on potassium accumulation

in various organs of soybean Hf kg -hm ™2
AE0Y b3 R B 14 nf JERE kAL JESsis
Year  Treatment Root Stem Petiole Leaf Pod skin Seed Total
2021 P1T1 2.60+0.61a 4.31+1.10b 3.61+0.73a 3.98+1.01ab 4.43+1.09b 5.21+1.15b 24.14+3.81 Db
P1T2 2.03+£0.26a 6.01£0.65a 3.59+0.75a 5.01£0.60 a 6.92+1.07a 11.05+2.46 a 34.62£4.83 a
PIT3 2.00£0.19a 4.04+0.75b 2.66+0.43a 3.7220.42b 4.82+0.79b 9.97+2.21 a  27.21 +4.35 ab
P2T1 2.86£1.01a 5.85+1.77ab 4.38+1.10a 6.83+1.46 a 4.19+1.11 b  8.45+%2.39 a 32.55+6.45 b
P2T2 3.06£0.90a 7.66x1.26a 4.51+1.05a 8.27+1.91a 8.05+2.0la 12.98+2.10a 44.54+6.27 a
P2T3 1.76 £0.62 a 3.55+0.97b 2.42+0.92b 2.45+0.76 b  6.11£1.78 ab 11.70 £3.53 a  27.99+7.83 b
2022 P1T1 1.90 £0.63 a 6.74+0.57a 6.54+0.57a 8.52+0.84a 10.05+1.11a 8.16+1.06ab 41.91+3.76 a
P1T2 1.55+0.19a 4.59+0.58b 3.11+0.54b 6.23+1.01Db 6.59+1.31b 9.10+1.29 a 31.17£3.25 b
PIT3 1.65+0.34a 3.87+0.74b 3.43+0.66b 5.24+1.20b 4.83+1.40b 5.65+2.81b 24.66+6.31b
P2T1 2.23+£0.29a 6.05+0.75b 4.25+0.69 ab 8.90+£2.42 a 7.08+£0.83 b 14.45+0.9 ab  42.97+4.97 b
P2T2 1.93+1.11a 8.73+1.25a 5.21+0.62a 11.47+1.99a 11.50+1.74 a 18.01t4.34a 56.86 +£8.68 a
P2T3 1.23£0.23a 3.84x0.53c¢ 3.45+0.61b 4.91+£1.89b 7.12+2.22b 9.69+3.99b 30.24+7.79 ¢
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W7 Frm, 2021 45 DA 38 AR it B K 1 B, S (6]
i P A B e L 7 A B R 3R 34 37 B
546 55 B HUGEAL (PITL) AL, (50% FE +50%
AHLAL) PIT2 Ab B A HRR IEE B EE | SRR R
PR PITL 44— R B 4 &, b PIT2 5
PITI B d 22 ik ] i & K (P <0.05) ,P1T2

KGR PITL 28 T 13.02% , (AN +100%
AHLAL) PIT3 b K G 5= 53¢ PIT1 AL BRREAL T
9.34% , a1 5% B AL (P2T1) A Lk, (50%
RUE +50% A HUAE ) P2T2 4b B4 BARK SEHC, BARR KL
AR PR E | i B X N A P2T1 YA
— MR L (E AR B K, A B P2T2
KGR P2T1 487 1 5.34% ; P2T3 AbFK &7
A P2T1 BT 9.26%
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Table 7 Effects of chemical fertilizer with microbial fertilizer complex on soybean yield and yield components

LIty

AR

[ERA

LIRS AT

W _ _-
Year Treatment Pods number Seeds number 100-seed Seed weight Yield/ (kg-hm )
per plant per plant weight/g per plant/g

2021 PIT1L 24.07 £3.99 a 54.58 £8.35 a 18.83 £0.01 a 9.78 £0.57 ab 3014.94 +£55.06 a
P1T2 26.00 +2.42 a 57.23+3.78 a 19.78 £1.09 a 10.91 £0.94 a 3407.44 +183.44 a
PIT3 20.33 +6.97 a 43.27 £3.55 a 18.33+0.49 a 7.78 £0.59 b 2733.38 £104.00 a
P2T1 21.03 +4.64 a 51.01 £6.41 a 18.53 £2.60 a 8.67+1.95 a 3195.49 +89.26 a
P2T2 27.87 +4.53 a 52.30+7.48 a 19.97 £0.33 a 9.18£2.02 a 3366.25 £250.14 a
P2T3 20.46 +2.21 a 46.50 £6.84 a 19.19+£0.74 a 8.06+0.13 a 2899.56 £245.62 a

2022 PIT1 29.13+1.44 a 71.66 +3.91 ab 19.66 +0.21 a 12.72 £0.56 ab 3787.47 £93.76 b
PIT2 31.15+1.35 a 76.48 £8.15 a 20.68 +0.26 a 14.92 +0.91 a 4264.60 +73.60 a
PIT3 23.54+0.74 b 54.23 £5.17 b 20.13+£0.13 a 10.81 £1.04 b 3135.03 £101.39 ¢
P2T1 29.10 £5.04 a 74.13 £16.1 a 19.81 £0.71 a 13.15+0.73 a 3526.80 +328.00 ab
P2T2 34.40 £5.16 a 78.83 £5.33 a 20.21 +0.16 a 14.75+1.47 a 4247.33 +91.66 a
P2T3 24.83+2.85a 56.29 +3.44 a 18.19+0.09 b 10.59 +1.24 a 3124.30 £269.00 b

2022 4, 45 i Pl AL BRALE 2021 AF 7= ER A T 2
Ft. 54 55 FAUAL(PITL) A EL, (50% ZAE +
50% A AL ) PIT2 AbFR A SRR IEEL A ORLE | bk
&R R B PLTI 5 — 5 R B (2
PIT2 K= PITI BERE T 12. 6% (P <
0.05), (AN +100% A HLAL) PIT3 &b P AY BA Rk
JERL ERLE | MR | 7 AR Y PITL ¥
H—E IR, P PIT3 K& =84 PITI
FIEIRT 17.21% (P <0.05) . 5Eili 1 Sifh, 5%
FJtE I (P2T1) A1 E, (50% & B + 50% A HLAE)
P2T2 Ab B ) FUBR S HR | FRLBRORL AR, R | LRRRL
HCRIA - ERENES, e T
20.4% , (TCRME +100% A HLAL ) P2T3 AbHE Y bk
SERL  FRARRLEL R | BB EE | 7 A X R
(1) P2T1 35— I B2 B B AR, Horh P2T3 A A G
ERAG AR T 8.18% (P <0.05) ,P2T3 b KT
PR T 11.41%

AAF- V20 B it A AL 3 0 X A 7 o R i 3R
W, A HUIE G 385t FH 0T 7 o B A R R o o
Jite A AILAE 256 K G = G g VR

2.4 WIBEREESMEVENKERRIFM

H# 8 T LLAE H,2021 4, 405 55(P1) B9 H
i RN & e AP R =R, il 1 5 (P2)
MR T R & R . P2T2 A 1 T i
B P2T1 AR 1.25% ,P2T3 AbFHAE (& B0
il T P2T1 b3 P2T2 AbPRAR T & 58 P2T1 AbHH
BEFL2.91% (P <0.05) ,P2T3 AbFEAE I & B4
P2T1 AbFHFEAR 2. 89%

TN 2022 A R E BT I R A B, AN (R Ab
PR 2 18 15 £ 1 55 e K % 8 1 T R Y
Wi, 55 2021 4R —30, fE&UR55(PL) o, B
[F) 525 T A N Ak L ) 2 1 o 3 1 22 5, (HR
K E KO, Hoh PIT2 PIT3 Ab 38 B RS Wi & &4
PIT1 ACFRA» IR T 15.58% 31.71% . {E5E1L 1
S(P2) P23 M E AR S RS RS T
P2T1 4b ¥R, H v P2T3 4b ¥4 P2T1 Ab #4205
2.70% (P <0.05) ; P2T1 40T () i 15 5 5 24 B 2 v
T P2T2 F1 P2T3 403, Horh P2T2 A P2T3 Ab AR
P2T1 AEFRAMSIREAR T 9. 11% F1 12.42% (P <0.05) ,
ZSIRR T BE K,
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Table 8 Effects of chemical fertilizers with microbial

fertilizer complex on soybean quality

o EET BBt
Year Treatment  Protein content/ % Fat content/ %
2021 PIT1 39.30+0.38 a 20.20+0.09 a

P1T2 39.90 £0.16 a 20.20 £0.16 a
P1T3 40.10 £0.16 a 20.10£0.09 a
P2T1 40.10 £0.16 ab 20.60 £0.11 a
P2T2 40.60 £0.08 a 20.00 £0.08 b
P2T3 40.10 £0.42 b 20.00 £0.25 ab
2022 P1T1 31.88+1.20 a 25.86 £3.37 a
PIT2 31.99+0.37 a 21.83+1.14 b
P1T3 32.78 £1.41 a 17.66 £0.55 ¢
P2T1 31.09 £0.36 b 19.32£0.82 a
P2T2 31.28£0.43 b 17.56 £0.18 b
P2T3 32.20+£0.97 a 16.92 +0.85 b
3 it

3.1 UEEEESHMEYMENAXETYREMSE

SR BRM I

FERE T4 7= I N SR AR
KB, R G R AR R B R R
B — 2 B R FE R BE AT LA A 38 in oK S 4 R
R AR AR R ) A 2 S Aok gy
AR, v R A R iR R, b G R E W
HE A E BT 0 R R A 4 S RN SO S ik #
il | R T JE R FPRER A RS AR iF
TR, KR ETE 4 DAF IR LB E R R, A
EEAGESE R ) kS T NIR - L E Wil
b AR R BB O EUIE, Xk
b AR R, AR AR S DA
SERILA— B, BVAEAS [R) & F F0AS 5] it IE & °F, 4%
AbEEH DL T2 b3 (50% FAE + 2 A REY IR ) 808
el TEYIFR RO T Y A B A RTHR A,
EYIR R A BN = AR R B, KEfFsR R,
KA S R = AR 5 T i B R 3 —
AR EAMAERR D AL R &
B, KGR B B R RS T R B A
30, B AT B B B R g,
WE IR, SRR BT R, EARN T, T2
AR (50% FAE + B A A IR ) 8 1o it F s A 2
B HEIE (08 = R 1) 8 SR T A

PEAR BRSO T R G AR B AL R, N
PN T A, 5 AR AR AR L, 2 A R
PIRERRAR AL AR N T X5 N P Al K A9 3% 50 Wi
24T A E IR 30% ~50% HIALHEET , 3543 F)
FARCE G Y o FEAHIRIE R T2 AL B A 5 1Y
TR BB B R RO A E KR R T
FURA N PRI K MR AGRE RS, W 4R o T R Y

IR,
3.2 HEEREEAMEMENXKE~EM AR
=210

FEATSE o AR AE 5 A R 2 0 2 A i A e i
P REA SR K G i, EE R IR S & A
A= A L RE A A ML IR B8 Jg b R 5, A i 2E P i
FIVRLAE B 308 184, ol £ A R 7K B 25 5 ki i
FHP) T RE K AR A 8 R TR, A
R G = A S, 5 0 H AR AR L & 8k
AR R E AR e, it H A= 9 I ) R 2 A Ak e | 38
BOM DR T AR P8 bR LA — R AR R R
A AR By TG AR R B RE REE AT T ST,
S IR 22 B LR v i T ol R T ) R R G 24
4% EERR ORI B N2 10% , &8 & L,
FAARZ Wi = hgd o A b R G R, KRG A B G
IR ARSI T2 13% LA b, AT AR RS BEST
FH,50% RO HLAEURT 50% B9 JCHL A B, 7= & f
RUEE PR S o I, X S AR AT A5 R —5,
FREFAE TR IR0 5 A T 0 I S A8 I
DA S35 b S A N [R), 526 A W A % vt A
RORAE AR R BRI A B R [R] [l Bs, ARBF 5% 38
ik FH ()3 56 & 90 A0 A it 2 A fc A 0 A 3 7
P 1y F BT RN R | ERPR TR S R EE A
FOSCEL, PR B mR AR 2 B SRR SRR AR
RO BN R 5 ) O, SR R A5 I AT
—3,

Wl AEAS — 2 S PR THEY) 5 I, (R e s 1k
I B[] B e FH 5 B8 L0 51 0 52 6 B2 I S T VE
At A T S 1 S 0 AT B R A — s Y R AR
FH 20025 050 S B4R T Kl JB 110 G B A T 1 R
BREE M, Kb RIESHE 2 EHSRER
ENN T NGRORT i GN g =l s e S )
TR NI OB D WAYE S = NS e A O o
FUTORUIG D7 & =5 R E%SED R RN, A
BL—TJCHLIEC it 368 3 2 75 80 A0 W IO ke 4t v R 2 iy
BT E, A)E FR AR K SA BR 7 3 &, X 5 AR F
FEMEE R —3, —LefF R R, KT A & A B
Bl & B Z A R Y AR R, &
B A MR AL BE (T2 F T3 ) 4R TR SR AR
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PO 2 B, il 25 vt A A B 1) 384 m 8 %
PR RTINS aRR B B RS I R R T R R
AT, TEH AL H 8 50% 1Al T A0
Jof BN AR A A A 0 RS 1 it P i R 8 0 R L
PEFY R, B TR DAY R A F W
BT E, AR TREAERK, 50% A
NE + &2 & A= P IE Ak 38R0 52 45 Ak P I8 2 A4k
JIE A BT R R AR BT A e R R R
X} R EE g 5 A B A AR R T Ak 3 A
THREERTEASM AL, B 45MEY
JEL A2k B A B R REAS VS i &2 A B A e 7
TR, kPR 50% FAE N A A Y IR A il
M, 26 WMAEYIE RIS A& R 2.023 t-hm ™2, K
TSR PR RN 4 264,60 kg-hm 2, B ARMUE
A R 5 2. 023 - hm 2, PN B R
ZE A, E R Dt AL 50% R FERN i &2 A
EYIRE, & A e F DL 2. 023 t-hm 2
Ho Tk T 55 ARG, AT R S S 2 A1
A YB3k 3 R AR B ™ i H iy
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