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Effects of combined reduced application of compound fertilizer and bac-
terial fertilizer on soil environment and potato growth in winter fallow

fields

Yang Dan"’, Li Lu"?, Li Bing"?, Luo Binbin', Li Shuju"?, Liu Huitao', Liu Jia'

(1. Changde Academy of Agricultural and Forestry Sciences, Changde 415000, Hunan, China; 2. Changde Comprehensive Experimen-
tal Station of National Potato Research System, Changde 415008, Hunan, China)

Abstract: To explore the feasibility of combined reducing application of compound fertilizer and bacterial fertilizer for
green and efficient potato production in winter fallow fields, this study established five fertilization treatments, used
N-P,0s-K,O content of 36 kg - 667 m” as control (W1), and systematically investigated the effects of reduced com-
pound fertilizer combined with different amounts of bacterial fertilizer on soil physicochemical properties, microbial com-
munity structure, potato agronomic traits, yield, and tuber quality through field experiments. The results showed that
the combined application of compound fertilizer and bacterial fertilizer had no significant impact on soil physicochemical
properties, bacterial community diversity, or plant agronomic traits, but significantly affected potato yield and tuber quali-
ty. After the application of bacterial fertilizer, the relative abundance of Actinobacteria significantly decreased by 22.1%
to 29.5%, and its abundance showed a significant negative correlation with fertilization treatments. Redundancy analysis
indicated that the soil microbial community was mainly influenced by total potassium, available potassium, total nitro-
gen, alkaline hydrolyzable nitrogen, and organic matter content. Treatment W5 (compound fertilizer at 65 kg- 667 m* and
bacterial fertilizer at 32.73 kg - 667 m?, with a 41.7% reduction in total N-P,Os-K,O compared to W1) achieved a yield
of 2 407.36 kg 667 m?, under the conditions of the greatest fertilizer reduction and the lowest fertilizer input, with no sig-
nificant difference from W1. Moreover, W5 significantly improved tuber dry matter, starch, and vitamin C content com-
pared to W1, and showed no significant difference from the best-quality treatment (W4), which had the best quality, dem-
onstrating the best overall performance. In conclusion, treatment W5 can achieve substantial fertilizer reduction while
maintaining stable yield and improving quality, making it a recommended fertilization strategy for early-maturing potato
production in winter fallow fields.
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Table 1 Nutrient content of fertilizers in different fertilization treatments

e SEEHE B N-POs-KO B HRuGHEREE wCHHLED wUBFEHIR)
Treatment Compound Bacterial fertilizer — Total N-P,Os-K,O rate/  Effective viable Organic matter ~ Humic acid
fertilizer rate/(kg- 667 m*) rate/(kg-667 m*)  (kg-667 m™) bacteria count/(10°-kg")  content/% content/%
WI1(CK) 85.70 0.00 36 0.00 0.00 0.00
w2 77.00 77.00 36 385.00 34.65 3.85
w3 77.00 38.50 34 192.50 17.32 1.92
w4 65.45 65.45 31 327.25 29.45 3.27
W5 65.45 32.73 21 163.63 14.73 1.63
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Table 2 Effects of different treatments on soil physicochemical properties

w BB ED wCH R wOERAD w( A% w( &) w4 _
AbEE Alkaline Available P Available K Total N Total P Total K w(ﬁﬂl}ﬁi )
Treatment pH hydrolyzable N content/ content/ content/ content/ content/ Organic matter

content/(mg-kg®)  (mg-kg") (mg-kg" (g kg" (g kg® (g kg content/(g ke
WICCK)  4.98+0.24a 119.00+7.00 a 19.60£1.37a  71.33+12.34a 1.26+0.19a 0.70+0.05ab 14.23+0.15a 22.70+1.51a
w2 4.95+0.06a 119.33+4.16 a 21.87£547a  67.00£5.29 a 1.2940.03a 0.73£0.04a  14.07£0.12 ab 23.37+0.29 a
W3 4.9440.12a  119.00+0.00 a 18.80£3.93a  66.67+17.62a 1.25£0.08a 0.67+0.02b  14.13+0.29a 21.97+0.61 a
W4 4.97+0.07a  114.00+2.00 a 243044942  64.33+5.51a 1.2840.06 a 0.73£0.02a  14.00+£0.26 ab 22.77+0.65 a
W5 5.01£0.15a 119.33+7.02 a 21.23+191a  62.33+15.95a 1.32+0.02a 0.70+0.02 ab 14.00+0.10 ab 22.77+1.33 a

T RS G ARVNG FRERRAL BRI ZE 0.05 /K P22 3. TR

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
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Fig. 1 Petal diagram of ASVs distribution in soil samples of each treatment
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Note: * indicates significant difference in the relative abundance of Actinobacteria between different treatments.
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Fig. 2 Community structure histogram based on relative abundance of bacteria at phylum level
in each treatment (TOP15)
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Table 3 Effects of different treatments on bacterial Alpha diversity in potato rhizosphere soil

yoseil Good's coverage PD whole tree ?Eiﬁ[ S%mpson TE%{ Chaol TE%{ Observed spec%es ?Ei& Shannon TE%{ ACE TE%{

Treatment PD whole tree index ~ Simpson index ~ Chaol index  Observed species index ~ Shannon index ~ ACE index
WI(CK) 1.0000a 47.668 6 a 0.9971a 889.46 a 889.03 a 9.1710a 889.557 8 a
w2 1.000 0 a 49.0122a 0.9974a 899.34 a 899.20 a 9.2379a 899.0913 a
W3 1.000 0 a 48.6160a 0.9973a 858.30 a 858.30 a 9.1662a 858.378 2 a
W4 1.000 0 a 48.7577 a 0.9974a 899.60 a 899.60 a 9.2241a 899.753 8 a
W5 1.000 0 a 47.6340a 0.996 9 a 838.63 a 838.63 a 9.0726 a 838.709 8 a
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M 4 Al &0, W3 b TR 94.00% Bk =

44.26 cm.SPAD {H 48.16, ¥ T HAb AL B, W5 4b
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Table 4 Effects of different treatments on plant traits of potato in winter fallow field

Qb HE Treatment H B % Emergence rate/% # Plant height/cm Z2H Stem diameter/mm SPAD {f SPAD value
WI1(CK) 88.00+5.00 a 43.80+0.78 a 13.83+0.89 a 46.75+1.65 a
w2 90.00£1.73 a 43.2842.35a 13.59+0.75 a 46.56+0.85 a
W3 94.00+3.61 a 44.26+2.17 a 13.33+0.48 a 48.16+£1.82 a
w4 91.67+£3.51 a 43.73£1.96 a 13.88+1.12 a 46.83+1.38 a
W5 90.00£1.00 a 41.55£3.45a 14.12+0.17 a 45.82+1.01 a
x5 FAEMNFRADREILFIERHF
Table 5 Effects of different treatments on economic traits of potato in winter fallow field
b3 LiRSEE X PR TR PNCIE = R
Treatment Tuber number per plant ~ Tuber mass per plant/kg Large & medium tuber rate/% Yield/(kg-667 m™)
WI1(CK) 3.73+0.25 a 0.52+0.12 a 96.22+2.33 a 2 496.29+150.94 a
w2 4.30+0.66 a 0.57+0.07 a 96.12+4.16 a 2 324.92+83.88 ab
W3 4.61+0.54 a 0.55+0.05 a 87.36+4.86 b 2 446.35+61.63 a
W4 4.07£0.32 a 0.51+0.08 a 92.38+1.57 ab 2250.01£97.59 b
W5 4.27+0.50 a 0.57+0.10 a 91.75+0.76 ab 2 407.36+82.57 ab
W2 ZREE. PRI W] 5, 82496.29kg 667 m?, 2.5 BAEWNZFAADRERRIEN

W4 A%, £ 7B E . W5 A N-P,O-K.0 &
HE WD 41.7% , 54 I8 AT EE AR i AN
65 kg - 667 m> Ml 32.73 kg - 667 m?, {H 7 & K
2 40736 kg-667 m*, 5 W1 LREZE5F.

H1ZR 6 AT, & A AR IRk it 5 1 AL Fc it S 3% 5 il
LG R SR il 0, A — 0 0 BB N T e B 2R ) T
HRULER AEAE R CMEAREE. W4 LT
JA% 19.94% , WM & & 13.97% , E 0 i & =

Fo6 FBAEWNEKXAHIRERRNEN

Table 6 Effects of different treatments on tuber quality of potato in winter fallow field

JOSL T % wGER) w(E AR wi R O
Treatment Dry matter rate/% Starch content/% Protein content/(mg-g™) Vitamin C content/(mg-100 g")
WI1(CK) 16.74+£0.64 b 10.50+1.45b 14.77+1.51 ab 9.98+1.02 b
W2 17.67£1.65 ab 11.75£1.62 ab 12.49+1.36 b 9.92+1.18 b
W3 17.42+0.45 ab 11.49+0.44 ab 14.79+1.31 ab 10.91+0.24 b
W4 19.94+1.63 a 13.97+1.61 a 15.82+1.48 a 13.50+2.09 a
W5 17.98+1.57 ab 12.05£1.55 ab 13.92+1.85 ab 13.48+0.18 a
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Fig. 3 Redundancy analysis of soil physicochemical properties and relative abundance of bacteria at phylum level
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TGS BT toE L X $39%
pH | pH 026 -0.14 -020 0.56 0.1 -0.0810.042 -053 -0.34 -0.22 -0.18 0.16 -0.60 0.012 -0.32 -0.094-0.094 037 -0.049 10
AN AN 0.056 0.65 0.090 023 032 0.60 012 031 042 -0.11-0.060 031 0.022 035 -0.49 -0.49 0.090 020
AP AP | 027 -0.083 0.68 022 0.13 044 -0.23 053 -0.15 -0.40 0.035 032 -027 -0.037-0.038 -0.29 0.14 08
AK AK -0.11 037 052 044 018 017 012 -027 -0.51 -0.075 0.41 0.058 -0.20 -0.20 026 0.14
TN 025 049 0.0017-0.052 -0.19 0.022 -0.41 -0.084-0.053 -0.28 -0.28 -0.21 -0.10 06
TP 0.63 -0.16 -0.044 032 -0.34 -0.36 -0.21 038 -0.26 -0.18 -0.18 -0.36 0.0012
TK -0.096 0.23 -0.10-0.0064-0.13 -0.31 0.11 0.15 030 -0.24 -0.24 030 0.19 04
oM OM -031 013 034 -0.33 -0.17 -0.11 025 -0.099 -0.31 -0.31 -0.21 -0.092}

0.2
ER ER -0.036 022 024 0.068 037 -0.240.0039 020 020 7.7E-4 0.26
PH [Height-5.6E-5 0.30 0.023 0.34 -0.079-0.00600.088 0.088 0.20 0.082
0.0
SD SD -029 -0.045 037 0.10 0.18 -0.35 -0.35 -0.20 0.26
SPAD 0.15 -0.52 -0.011 -0.19 -0.19 -0.081 -0.41
TPP 027 011 -0.11 -0.11 -0.22 0.060
T™™W TW -0.020 0.18 026 026 0.051 0.52
MLP MLP -0.098 0.098 0.099 -0.013 -0.19
PY Yield -0.52 -0.52-0.28 -0.19
DM DM 100 026 044
SC Sl s arch 026 044
PC
ve : s 1.0
ZZEYEEEZEEQOEESEESES
n

7 ER N TSR, PH NPk, SD NZEHL, TPP N AR B ZE, TW N bk Z i, MLP SN K 3 3R, PY =&, DM N T %, SC i

WEE, PCARAREE, VC AR C HE.

FRIRAE 0.05 /KPR E IR, ¥+ 3RIRTE 0.01 AR AR

Note: ER. Emergence rate; PH. Plant height; SD. Stem diameter; TPP. Tuber number per plant; TW. Tuber mass per plant; MLP. Percentage of

medium and large tubers; PY. Plant yield; DM. Dry matter content; SC. Starch

content; PC. Protein content; VC. Vitamin C content. * indicates signifi-
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Fig. 4 Heatmap of correlation among soil physicochemical indices, agronomic traits, and quality traits

under different treatments
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