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Effects of phosphorus reduction and organic substitution on yield, quality, and soil fertility of open—field
pepper

LIAO Guangcheng', CHEN Xiaoping®, YU Yeying’, CAO Xuexian’, CHEN Wenwei’, WANG Yuanfan', GAO Wenzhe', LI Tingqiang'

(1. Institute of Agricultural Chemistry, College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310012, China;
2. Agricultural Technology Extension Station of Tiantai County, Zhejiang Province, Taizhou 317200, China)

Abstract: To develop a scheme for reducing chemical fertilizer and improving efficiency in open—field pepper—producing areas, under the
backdrop of long—term high nitrogen and phosphorus input in Zhejiang Province, this study investigated the effects of reducing chemical
phosphorus fertilizer and replacing it with organic fertilizer on open—field pepper yield, quality, and soil fertility in a field experiment. The
experiment utilized “Xiaoxin series” pepper as the primary material, and included five treatments: no fertilizer as control (CK),
conventional fertilizer (CF), 30% chemical phosphorus fertilizer reduction (OF), 30% chemical phosphorus fertilizer reduction + organic

fertilizer substitution for 15% nitrogen of chemical fertilizer (OF-15N), and 30% chemical phosphorus fertilizer reduction + organic
fertilizer substitution for 30% nitrogen of chemical fertilizer (OF-30N). The results demonstrated that: The yield in OF, OF-15N and OF-
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30N treatments increased by 3.20%, 14.59%, and 12.21%, respectively, compared with the CF treatment, and the benefit after deducting

fertilizer cost increased by 3.37%, 15.21%, and 12.84%, respectively; The sugar—acid ratio of open—field pepper grown under OF, OF-
15N, and OF-30N treatments increased by approximately 0.50—2.28 relative to the CF treatment, leading to improved nutritional quality
indices of soluble sugar and sugar—acid ratio, particularly in terms of the increased content of minor and trace elements, including calcium,
magnesium, iron, and zinc; Consequently, the open—field pepper yield and quality in OF=15N and OF-30N treatments were apparently
higher than in OF treatment; Soil pH value, soil organic matter, and total nitrogen increased to varying degrees in OF, OF-15N, and the
OF-30N treatments compared to thee CF treatment, while no significant decrease in soil available phosphorus supply capacity was
observed; The soil comprehensive fertility index (IFI) observed in the OF-15N and OF-30N treatments was increased, but it was slightly
decreased in the OF, CF, and CK treatments when compared with the pre—experiment treatment. The OF-30N treatment showed greater
improvement than OF=15N. In summary, based on a 30% reduction in chemical phosphorus fertilizer, organic fertilizer substitution for

30% nitrogen of chemical fertilizer (OF-30N) treatment has a prominent effect on improving the yield, quality, and soil fertility of open—

field pepper. It could be a viable scheme for reducing chemical fertilizer and improving efficiency.

Keywords : phosphorus fertilizer reduction; organic fertilizer substitution; open—field pepper; yield and quality; soil fertility
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Table 1 Experimental treatment settings (kg+hm™)

HLE

Organic

fertilizer N P.0s  K.O

b AL HE Chemical fertilizer 549 Total nutrient

Treatment N P,0s K0

CK 0 0 0 0 0 0 0

CF  207.00 180.00 156.00 18000  900.00 768.60 762.60

OF  207.00 126.00 156.00 18000  900.00 714.60 762.60
OF-15N 175.95 99.64 128.84 18 806 900.00 714.60 762.60
OF-30N 14490 73.29 101.68 19612 900.00 714.60 762.60
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Table 2 Grading standard values of soil physical and chemical indexes!

11]

5394 Grade pH(H,0)  SOM/(g-kg") TN/(g-kg') TP/(g-kg') TK/(g-kg')  AN/(mg-kg") AP/(mg-kg™) AK/(mg-kg™)
X, 4.5 10 0.75 0.4 5 60 3 40
X. 5.5 20 1.5 0.6 20 120 10 100
X, 6.5 30 2.0 1 25 180 20 150

T - SOM A BT TN S 2% TPy 4 s TK O 281 s AN S Bfif 2 AP A 300t s AK D il . R IRl

Note: SOM indicates soil organic matter; TN indicates total nitrogen; TP indicates total phosphorus; TK indicates total potassium; AN indicates alkali—

hydrolyzed nitrogen; AP indicates available phosphorus; AK indicates available potassium. The same below.
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Kb 3 Treatment

Y27 s BC ANBRMEBH AR IR0 AT 5 NERLR A 2022 4F )R 3 2 250
JE-t G BERRES 800 G-t BRRRHN 2 500 G-t ASZEAE 200G v A
T HBABLARAN 12 8 000 T - v T 5 AN [ P RE R AR [R5 AN [7] b B ]
25 3 (LSD K%, P<0.05) . T,

Y :yield; BC:benefit after deducting fertilizer costs; The fertilizer cost
is calculated as urea 2 250 yuan - (", calcium superphosphate 800 yuan +
™', potassium sulfate 2 500 yuan+t™" and chicken manure 200 yuan -t in
2022. The output value of open—field pepper is calculated as 8 000 yuan -
t™'; different letters indicate the same index with significant difference
between different treatments (LSD test, P<0.05). The same below.
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Figure 1 Effects of each treatment on yield and benefit

367 ) 136
: [JSFM [ SFL

(98]
[38)
T
(953
[

(N3
o]
T
L
[\
<]

L
)
N

PRI Single fruit mass/g
o
=
=
S

3]
[=]
T

B K Single fruit length/cm

L
—_
=)}

OF-15N OF-30N

CK CF OF
Qb PE Treatment
SFM : LB i SFL: HUR I
SFM :single fruit mass; SFL: single fruit length.

B2 SAEXTEMARMARRKEERREN T

Figure 2 Effects of different treatments on single fruit length and

single fruit mass of open—field pepper
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P21 0.56 ~1.64 g- kg HEBCRA R ZE . 5 CFALRE
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R3 BREWMEMBMERAEFYRSENZN

Table 3 Effects of different treatments on nutrient contents of high—fruiting period of open—field pepper

Jb A SR R L A EE A LR C
Treatment Soluble suger/% Total acids/(g-kg™) Sugar—acid ratio Soluble protein/% Vitamin C/(mg-kg™")
CK 2.28+0.08be 1.88+0.05a 12.09+0.11¢ 2.81+0.13a 428.67+7.04a
CF 2.08+0.08d 1.90+0.05a 10.95+0.14e 2.31+0.06b 422.16+20.00a
OF 2.18+0.06¢d 1.89+0.07a 11.54+0.11d 2.72+0.08a 432.04+16.00a
OF-15N 2.54+0.10a 1.92+0.05a 13.23+0.18a 2.40+0.05b 441.36+21.24a
OF-30N 2.34+0.07b 1.90+0.06a 12.31+0.02b 2.35+0.04b 434.42+13.02a

VE AN RER R A [l b AS R 40 P ) 22 53 2% (LSD Kz, P<0.05) , N[l .

Note: Different letters indicate the same index with significant difference between different treatments (LSD test, P<0.05).The same below.

R4 BREWNBHEMAMEBEFRTRSENZIN (ng-kg)

Table 4 Effects of different treatments on the contents of micronutrients in open—field pepper(mg-kg™)

AL B Treatment Ca Mg Zn Cu Mn Fe
CK 1 682.8+34.1ab 1 486.0+64.4b 68.1+4.3b 7.0+0.2a 16.0+0.6a 99.3+4.8he
CF 1419.2+48.2¢ 1273.0£62.4¢ 49.5+3.1¢ 6.9+0.2a 15.9+0.9a 93.3+6.7¢
OF 1428.5+23.7¢ 1411.3+36.6b 55.6+3.4¢ 7.1+0.3a 16.2+0.9a 98.6+2.9hc
OF-15N 1734.3£39.8a 1448.2+42.4b 76.5+4.0a 7.1+0.2a 16.4+0.5a 104.9+3.0b
OF-30N 1612.2+52.6b 1643.2+52.2a 82.7+2.1a 7.2+0.3a 16.5+0.6a 113.6+5.1a
RS BALIEIT IR ERA L B AL SRR R0
Table 5 Effects of different treatments on soil physicochemical indexes of open—field pepper
4 Treatment pH SOM/(g-kg™) TN/(g-kg™) TP/(g-kg™) TK/(g-kg™)
CK 5.94+0.04ab 29.08+0.89a 1.81+0.03¢ 0.90+0.03b 15.04+0.43a
CF 5.85+0.02¢ 29.23+0.81a 1.84+0.03be 1.03+0.02a 15.20+0.53a
OF 5.91£0.05b¢ 29.79+1.22a 1.85+0.04be 0.95+0.04b 15.10+0.76a
OF-15N 5.95+0.04ab 30.41+1.3a 1.88+0.04ab 0.91+0.04b 14.68+0.41a
OF-30N 6.01+0.05a 30.87+0.76a 1.92+0.03a 0.93+0.03b 14.55+0.32a
Kb T Treatment AN/(mg-kg™) AP/(mg-kg™") AK/(mg-kg™) FH & T3¢ 4 it CEC/(emol - kg™) ZAHEBD/(grem™)
CK 113.71+3.06b 90.24+6.61c 56.57+5.48b 7.90+0.13a 1.224+0.004a
CF 125.39+3.25a 140.43+13.6a 64.58+2.94a 7.92+0.27a 1.228+0.003a
OF 123.14+3.2a 109.08+6.92b 66.11+3.10a 7.98+0.25a 1.225+0.004a
OF-15N 124.09+3.27a 94.18+4.8bc 67.27+5.04a 8.03+0.28a 1.223+0.005a
OF-30N 124.62+3.36a 98.47+8.3bc 68.03+3.54a 8.08+0.31a 1.222+0.006a
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Figure 3 Effects of each treatment on soil integrated fertility index
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Figure 4 Heat map of correlation between soil fertility and yield
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Table 6 Principal component analysis results and index weights

of soil fertility factors

FHIr A

AL I R bR Principal component B FE

Soil single fertility factor

PC1 PC2 PC3  Score Weight
pH 0477 0.018 -0.233 0231 0.121
SOM 0430 0295 0.122 0.346 0.182
TN 0363 0406 -0.024 0.333 0.175
TP -0.095 0.304 0.863 0.159 0.083
TK 0.140  -0.044 0.981 0.173 0.091
AN 0.059 0.564 0204 0.256 0.134
AP -0.156  0.129 0951 0.075 0.040
AK 0260 0480 0204 0.331 0.174

F5HE(E Eigenvalue 4014 2704 0891

FTHk# Contribution rate/% 33.504 30.806 30.802
S 5Tl E Cumulative  33.504  64.310  95.112

contribution rate/%

09F Sp

RDA2(14.40%)

TK
Yield
AN
1.0k L AK L L
1.0 RDA1(76.43%) 0.7

WA TR BB et i B B L 2L TR AN TR AR
SS:Soluble suger, AR s TA  Total acids, BLER ; SP: Soluble protein,
AP 1T VC: Vitamin C, 41 Co
The blue part is the yield and quality index of pepper and the red part is
the soil fertility index. SS:soluble suger; TA : total acids; SP:soluble
protein; VC:vitamin C.
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Figure 5 Redundancy analysis of soil fertility inex
with yield and quality
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