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Effects of Different Fertilization Treatments on Agronomic Traits, Yield, and
Quality of Heihe 43
HAN Dezhi, YAN Xiaofei, WEI Ran, DIAO Henan, JIANG Yu, JIA Hongchang, LU Wencheng

(Heihe Branch of Heilongjiang Academy of Agricultural Sciences/National Agricultural Science Soil Quality Aihui Observation Experiment Station of the
Ministry of Agriculture and Rural Affairs, Heihe 164300, China)

Abstract: To promote the improvement of quality and efficiency in the soybean industry in northern Heilongjiang province, in
this study, the soybean variety Heihe 43, which has the largest planting area in China, was used as the research object, and 8
groups : Conventional fertilization areas, urea 2 kg+666.67 m™, diammonium phosphate 8 kg-666.67 m ™, potassium sulfate
5 kg+666.67 m~*; Phosphorus treatment zone 1, diammonium phosphate 8 kg+666.67 m ™, potassium sulfate 5 kg+666.67 m ™ ;
Phosphorus treatment zone 2, diammonium phosphate 10 kg +666. 67 m ™, potassium sulfate 5 kg-666.67 m™>; Phosphorus

2 .
; Potassium-free zone, urea

treatment zone 3, diammonium phosphate 12 kg +666. 67 m™, potassium sulfate 5 kg +666. 67 m~
2 kg+666.67 m~>, diammonium phosphate 8 kg+666. 67 m~>; Phosphorus-free zone, urea 5.13 kg+666.67 m™>, potassium
sulfate 5 kg+666.67 m~; Nitrogen free zone, calcium phosphate 8 kg+666.67 m™>, potassium sulfate 5 kg-666. 67 m ™.
The effects of N, P and K on the agronomic characters, quality and yield of Heihe 43 under different fertilization treatments
were studied. The results showed that there were some differences in the effects of different fertilizer treatments on the
agronomic traits of Heihe 43. Nitrogen fertilizer application had significant positive correlation with plant height and bottom
pod height, but no significant difference in other traits. The effects of fertilizer treatment on seed size and quality of Heihe 43
were significant. The 100-seed weight and protein content in blank CK and nitrogen-deficient PK treated areas were
significantly lower than other treatments, and fat content in nitrogen-deficient PK treated areas was significantly higher than
other treatments. The yield of Heihe 43 could be significantly increased by applying N and P fertilizer within a reasonable
range, and the disease resistance of Heihe 43 could be significantly improved by adding K fertilizer. The 2-year yield of
N3P3K treatment area was significantly higher than that of other treatment areas. The results of 2-year yield in the deficient
areas were consistent, and the effect was NK > NP > PK. The comprehensive agronomic traits of Heihe 43 were divided into

two categories by correlation cluster heat map analysis. The first category was protein and yield component factors, including
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yield, seed weight per plant, seed number per plant, pods number per plant, nodes number, disease susceptibility, protein,

bottom pod height, 100-seed weight and plant height, and the pin-wise correlation between adjacent traits was the highest.

The second category was fat and density, and fat content and density were significantly positively correlated. Different fertilizer

treatments were divided into 2 categories. The first category was N-deficient area, including blank CK treatment area and PK

nitrogen deficiency area, and the second category was nitrogen-containing area, which further indicated that nitrogen fertilizer

was the basis of biomass formation of Heihe 43, and balanced fertilization had an important role in promoting the yield and

quality of Heihe 43.

Keywords: Heihe 43 ; fertilizer; agronomic traits; yield; quality
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Table 1

Fertilizer treatment settings

e posil

Serial number ~ Treatment Handling number

VLSt e TR (g
Formula/ ( kg+666.67 m~2)

The amount of pure nitrogen, phosphorus and

potassium/ ( kg+666.67 m =)

1 B RUEAL X NPK PRE 2 kg BEFR 4% 8 ke FRERET S kg N:2.36 kg;P,05:3.68 kg;K,0:2.70 kg
2 BEALHE 1 X N1P1K WA 4 8 kg BRFRH 5 kg N:1.44 kg;P,05:3.68 kg;K,0:2.70 kg
3 WAL HE 2 X N2P2K WRRR — %k 10 kg BRIREH 5 kg N:1.80 kg;P,0;5:4.60 kg;K,0:2.70 kg
4 WiAbEE 3 X N3P3K WL — 4% 12 kg BiRRHH 5 kg N:2.16 kg;P,05:5.52 kg;K,0:2.70 kg
5 JoHf X NP PR 2 kg BEIR 4k 8 ke N:2.36 kg;P,05:3.68 kg
6 T X NK JRE 5.13 kg BiMRHH 5 kg N:2.36 kg; K,0:2.70 kg
7 TAK PK WRFRES 8 ke BRERHT 5 ke P,05:3.68 kg;K,0:2.70 kg
8 2 HIX CK
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Table 2 Effects of different fertilization on agronomic characters of Heihe 43
P e i i3 33%%#( AR IERL BRI Eﬂff}k*ﬁi
Yew  Treament  Plant height/s Bottom pod Number of nodes Pods number Seeds number Seeds weight
height/cm in main stem per plant per plant per plant/g
2020 CK 54.90 £4.48 B 14.00 £3.20 C 12.40 £3.20 AB 19.50 £8.29 A 45.20 £17.76 A 8.38+3.29 A
PK 60.10£3.84 B 17.30 £2.36 BC  12.50 +2.36 AB 20.20 £3.85 A 49.40 £13.30 A 9.11 £2.45 A
NK 99.20 £4.94 A 19.50 +4.65 ABC 12.30 +4.65 B 17.50 £4.72 A 43.80 +11.11 A 8.76 +2.21 A
NP 95.70 +4.83 A 22.70 £5.44 AB  14.40 +5.44 A 23.80+£5.79 A 55.50 £13.53 A 11.06 £2.70 A
NPK 94.70 £11.01 A 18.20 £4.54 BC 12.10 +4.54 B 19.10 £11.47 A 40.80 £27.20 A 7.97 £5.31 A
N1P1K 96.30 +10.52 A 26.60 £11.33 A 12.30+11.33 B 16.20 £5.87 A 41.10 £16.92 A 8.52+3.51 A
N2P2K 99.90 £4.09 A 22.30 £5.54 AB  13.60 +5.54AB 22.10 £5.93 A 53.90 £15.73 A 10.71 £3.12 A
N3P3K 91.40+£10.76 A 22.80 +£4.61 AB 13.60 +4.61 AB 22.20£4.29 A 53.80 £10.03 A 10.69 £1.99 A
2021 CK 55.60 £2.22 C 16.20 £3.91 B 12.50 £0.53 B 17.90 £3.00 B 43.50 +8.05 B 8.09+1.50 B
PK 65.70 £5.27 C 19.10 £3.93 AB  12.90 +1.52 AB 18.10 £3.76 B 44.80 +10.63 B 8.14+1.93 B
NK 99.20 +4.94 A 22.00£7.72 AB  12.70 +1.42 AB 19.60 £4.74 AB  49.60 +£10.78 AB 9.84 £2.14 AB
NP 96.30 +11.23 A 22.70+5.44 AB 14.00 +1.56 AB 24.30 £5.62 AB  59.20 +14.53 AB  11.82 +2.90 A
NPK 94.70 £11.01 AB 21.10+4.31 AB 13.40 +0.84 AB 22.80+5.33 AB  52.80+13.41 AB 10.48 +2.66 AB
N1PIK 101.00 £4.37 A 24.10 £6.95 A 13.80 £1.62 AB 23.60 £6.47 AB  61.20+19.85 AB 11.21 +3.82 AB
N2pP2K 102.20 £5.47 A 22.80+£5.59 AB  14.30+1.06 A 25.80 £4.76 A 63.90 £12.05 A 12.16 £2.29 A
N3P3K 85.50 £8.15 A 23.40 £5.17 AB  13.30 +0.67 AB 22.10£4.07 AB  52.60 £12.65 AB  10.82 +2.60 AB
oI PR R RS AR R A B R 25 53 B3 (P <0.05) , R,
Note : Different capital letters in each column indicate the significant difference between treatments (P <0.05), the same below.
R3 AEMEAEAERS BRI 43 FFR4FER RN
Table 3 Effects of different fertilization treatments on grain characteristics of Heihe 43
Wy g R Er e 4 HIEA
Year Treatment 100-seed weight/g Protein content/ % Fat content/% Total protein and fat
content/ %
2020 CK 18.47 £0.15 C 37.34+£0.16 C 19.72£0.23 B 57.06 £0.06 D
PK 18.44 +0.15 C 38.72£0.23 B 20.51 £0.07 A 59.23 £0.30 AB
NK 20.54 £0.41 A 38.78 £0.28 B 19.39+0.07 B 58.17 £0.21 BC
NP 19.95 £0.50 AB 38.16 £0.39 BC 19.73£0.23 B 57.88 £0.62 CD
NPK 19.51 £0.35 B 40.43 +0.14 A 19.84 +0.07 B 60.27 £0.07 A
N1P1K 19.88 +1.06 AB 39.77 £0.14 A 19.81 +0.07 B 59.58 £0.21 A
N2P2K 19.89 £0.23 AB 40.15 +£0.05 A 19.88 +0.01 B 60.02 £0.06 A
N3P3K 19.92 +0.33 AB 40.24 £0.02 A 19.85+£0.03 B 60.09 £0.01 A
2021 CK 18.95+0.09 C 38.03 £0.21 C 19.83 £0.07 B 57.86 +0.14 B
PK 19.10 £0.09 C 38.84 +0.07 BC 20.76 £0.14 A 59.60 £0.07 A
NK 19.86 £0.20 B 38.53 +£0.07 C 19.79 +0.07 B 58.33+0.01 B
NP 20.32+0.13 B 37.83 +£0.85 C 19.72 £0.04 B 57.55+0.81 B
NPK 20.20£0.23 B 40.46 +0.14 A 20.02 £0.06 B 60.48 +0.08 A
N1P1K 21.02£0.47 A 39.99 +£0.17 AB 19.70 £0.07 B 59.74 £0.17 A
N2P2K 21.10£0.49 A 40.26 £0.21 A 19.88 +0.14 B 60.14 £0.07 A
N3P3K 20.36 £0.15 B 40.68 £0.28 A 19.66 £0.28 B 60.35 +0.01 A
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Table 4 Total variance analysis table

MUk 1 s, iR
e 7 5 e Y Fertilizer treatment Year Between Error
Serial Source of NG HR TR B % BT HR
- N NI N AN
number variation Incidence Incidence Incidence Incidence
Plot-yield/kg Plot-yield/kg Plot-yield/kg Plot-yield/kg
rate/ % rate/ % rate/kg rate/ %
1 DF 7 7 1 1 7 7 16 16
2 A 1981.812 10.430 0.932 1.026 705.238 0.922 511.380 2.004
3 ¥y 283.116 1.490 0.932 1.026 100. 748 0.132 31.961 0.125
4 FAE 8.858 11.893 0.029 8.190 3.152 1.051
5 P1iA 0.000 * 0.000 * 0.867 0.011°" 0.027 " 0.436
W RORTFE0.05 K L ER B,
Note: ™ indicates significant difference at 0.05 level.
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Table 5 Comparison of disease susceptibility and yield of Heihe 43 under different fertilization treatments in different years

Fy JIEK Ak 2 R R AN R
Year Fertilizer treatment Incidence rate/ % Plot-yield/kg
2020 CK 3.88 +£1.77 BC 6.79 £0.18 D
PK 5.13 £0.18 BC 7.87 £0.09 BCD
NK 17.96 +0.65 ABC 8.21 £0.02 ABCD
NP 22.57 £22.16 ABC 8.10 £0.66 BCD
NPK 19.18 £0.37 ABC 7.64 £0.00 BCD
N1P1K 14.40 £3.22 BC 7.69 £1.18 BCD
N2P2K 23.38 £0.42 AB 8.03 £0.04 BCD
N3P3K 10.82 +£0.41 BC 8.89 +0.04 AB
2021 CK 0.00 £0.00 C 7.31+£0.18 CD
PK 12.50 £0.00 BC 7.69 £0.15 BCD
NK 10.40 +0.19 BC 8.42 £0.06 ABC
NP 37.75 £2.32 A 8.35 +£0.07 ABC
NPK 24.00 £0.45 AB 7.88 £0.09 BCD
N1P1K 11.60 +0.23 BC 8.72 £0.09 ABC
N2P2K 5.65 +£0.33 BC 8.19 +0.17 ABCD
N3P3K 12.70 £0.28 BC 9.52+£0.15 A
1 I
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Fig. 1 Cluster analysis of correlation between different treatments and comprehensive traits
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