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Abstract: [ Objective ] The substitution of organic fertilizer for chemical fertilizer is becoming a popular practice for improved
crop productivity. However, there is limited understanding of the nutrient stoichiometric relationships among crops, soil, and
microorganisms under different proportions of organic fertilizer substitution for chemical fertilizers in a rice-wheat rotation
system. [ Method ] This study utilized a five-year field experiment at the Yixing experimental site of the Changshu
Agro-Ecological Experimental Station, Chinese Academy of Sciences, to investigate the effects of organic fertilizer substitution
on crop-soil-microorganism stoichiometric ratios and phosphorus availability under equivalent nitrogen, phosphorus, and
potassium inputs. Five treatments were established: no phosphorus fertilizer (CK), conventional chemical phosphorus fertilizer
(CF), 30% substitution of chemical phosphorus fertilizer with organic fertilizer (TM), 50% substitution (FM), and 100%
substitution (HM). [ Result ] Results from ten consecutive cropping seasons over five years revealed no significant differences in
the grain and straw yields of rice and wheat or the total carbon, nitrogen, and phosphorus stoichiometric ratios among treatments.
The stoichiometric ratios of available nutrients in the soil, including dissolved organic carbon: available nitrogen, dissolved
organic carbon : available phosphorus, and available nitrogen : available phosphorus, ranged from 7.08-7.39, 23.1-26.8, and
3.59-4.06, respectively, under the TM, FM, and HM treatments. Compared with CF, these treatments did not significantly alter the
total nutrient stoichiometric ratios in the soil but significantly increased the soil organic phosphorus fractions by 49.7%-58.2%,
dominated by moderately labile organic phosphorus (NaOH-P,). Additionally, soil microbial biomass carbon (MBC), nitrogen
(MBN), and phosphorus(MBP)in soil increased by 14.3%-61.1%, 4.37%-36.2%, and 46.4%-50.8%, respectively. The microbial
stoichiometric ratios under all treatments were as follows: MBC : MBN(11.6-14.5), MBC . MBP(68.3-106), and
MBN : MBP(5.32-7.32). The TM and FM treatments significantly reduced the stoichiometric ratio of enzyme activity (EEA : x))
but did not affect the overall soil-microorganism stoichiometric balance. [ Conclusion ] These findings demonstrate that
substituting 30% of chemical fertilizers with organic fertilizers can maintain crop yields while effectively enhancing soil available
phosphorus content. This study underscores the critical importance of scientifically regulating the substitution ratio of organic
fertilizers to optimize soil nutrient management, improve soil fertility, and promote sustainable agricultural development.

Key words: Organic-inorganic fertilizer combination; Rice-wheat rotation; Stoichiometric ratio; Soil phosphorus fractions
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1.1 #HARXHER

WFFE XA VLI To8 1 v ERL 4 B Al
A S SIS T A (31°16'N, 119°54'E ), 1% X 5,
A 2 KR, AR 17 °C, AERROK G 1
200 mm; SLAFERFEAEIX, - HESH R R B
RE KR LRI HT 0~20 cm B2 9 LA B AL 1
N pH 5.24, AHLEK 9.10 gkg ', &% 0.94 gkg ',
4T 0.46 gkg ', AR 15.5 mgkg . KRR
M 48 45, NSRRI EE 165,
1.2 Rt

R T 2018 4FE TR, i 5 NAEBE . ANiEak
JE (CK). #mifb=mit (CF). AP 30%
fR2EEIE (TM). A HLIEEAR 50% k2@ (FM ).,
AHLEEA 100% L #BEIE (HM ). 3 KREL, /MX
A 60 m?, SR FHFEHLIX L HED . A HLIEISE A
TLANVE T T E ST s, 2 R A 2R gk sk v
HEd i, HFRAasEN: &l 146 gkg', 2K
213 gkg ', W 128 gkg'. KL N, P, K
St AR, ORREC L FA AR NL K &
AR fE2A R BRI 22B, R a0 Ab P IR B WL 1.
fE2E N P ATK BB BILURE (46% N ). ol B IR ES
(12% P,0s). SALH (60% K,0) i, H&e
FRELHE © ArEEAR ¢ RTAE=3 1 4 1 3, MEAC A

NEAE SRS — PRt o )7 B R 37 24 ol 52 B

AT

x1 BERERESSTEVLZRBFBVERSE D
RE

Table 1 Nutrient application of chemical and organic fertilizers per
crop season in rice-wheat rotation system

Wi EE Fertilizer rate( N-P,05-K,0 )/( kghm?)

SOBL 1 AP
&t
=}
Treatment Chemical Organic
Total
fertilizer fertilizer
CK 240-0-60 0 240-0-60
CF 240-60-60 0 240-60-60
™ 227-42-51 13-18-9 240-60-60
FM 218-30-45 22-30-15 240-60-60
HM 197-0-30 43-60-30 240-60-60

E: CK: AHEBFIL; CF: fL2£BI0; T™M: A HLILE 30%
TE2EBEAL ;. FM: A ALY S0%Ib24BEA0; HM: A PR
100% 1k~ A0 , T 7] . Note : CK : no phosphorus fertilizer applied;
CF: chemical phosphorus fertilizer; TM: organic fertilizer replacing
30% of chemical phosphorus fertilizer; FM: organic fertilizer
replacing 50% of chemical phosphorus fertilizer; HM: organic

fertilizer replacing 100% of chemical phosphorus fertilizer. The
same below.

1.3 H#mRESHH

FAEFIAE (2018—2023 4F ) /K F . /NZZUCERI
Fie /N T BT o KRR/ INZZ R A3 SRR A
FEAFPIHR ST, 60 C 1 I 48k TC ). 2% TN ),
W (TP) &it. BAFEKRE. NEPORE, R “S”
RURFEEA ) RACRETA/NX 0~20 em #H)Z +
e, IRE TR, — 3o KT s T e
A FE bR . IR e, — e T
EMAEwAEYEKR (MBC), MAEYAEYER
( MBN). T84t ( MBP ) Fl 4 Sk A 5%
AR DG TS P 0 2

- R A O A Uy vk RS k[ 16].
HERE S AR FE T TC A1 TN i 8% Z AT vario
MACRO CN, Elementar Analysensysteme GmbH, 7
) Gl TRk TIE ; TP SR H,SO4-Hy0,
POHAL, EAMPOCETHHE A E (UVmini-
1240 ); BIERIEMAHLIK (DOC) R LB TIKIR
£—TOC 4311 ( Elementar, vario TOC select, i
VIE 5 AR (AN) R H ISR (NH,-N)
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FEAR (NOS-N) &itZ A, HAf A AL # A i
B4 (2molL' KC1), RAF I HIL ( Skala, fif
22O RE 5 AR (AP ) IBRIR E AN ( 0.5 mol L™
NaHCOs;, pH=8.5) #H 0.5 h J5 FH#E % th a2 .

5y R Tiessen %1% Hedley #3432
BRI A2 S B 0.5 g AR VR B EBUR g H
AW (Resin-P ). NaHCO; $2 B & # ( NaHCO;-P;
+NaHCO;-P, ) . NaOH 2 U #& #% ( NaOH-P; +
NaOH-P, ). HCI $2& M Z#E ( HCI-P ) F15%k 8 25
( Residual-P ), Resin-P, NaHCOs-P; #il NaOH-P; 1]/}
JeHLE (P;) 414y; NaHCO;-P,. NaOH-P, Fil MBP A]
YE AP (P,) 414y, +4% MBC. MBN., MBP i
T R R IGR O o AR R B A AR DG T
PR AMEAIEY), IR AALRER R D54
FEUSE T . B-1, A-FHARETTEE (BG) BEMEIHEML
XoF -l HEAR-B-D  NH g ) 2 W A OO RS R, )
W S B €5, 7E 400 nm A7 RFESEII s B-D-£F 4 K
fif g ( CBH ) >R H 3.5- A3k RR I CBH fifk
S YER M A DA R S i B-1, 4-N-C ke
HIEEE (NAG ) 20 B-N- LB LA A 142 i
S-SR, JRETE 400 nm A7 e KRG, s
SEMOCEFEEFRAKITE NAG 11k REREAREE
JIKHE (LAP) 43fiff L-5o W0 il AR e A o g 6%
Jiie, JAETE 405 nm A S W, 3 5 I RO (E T
RIS LAP TG BRI, TR by
(ALP) fEALRAERR R —AhK A ORI FIBE IR S 40,
0 3 I i ) A R B AT AL ALP 5
1.4 HUELE

f2p i At R s e R IR L
AW e e b e Ll T IEAG 14
PR S HE M A KT R Z AR TCECRR . Ak
AT (C o N )y BB 2A T AT A
PE (C: Py ) AIAEBH LA EAFAGYE (N 2 Py )
R R F,

C i Nyym DOC : AN
MBC : MBN
C:P= DOC: AP
MBC : MBP
AN: AP

N Py=——
MBN : MBP

RS E A AR
EEA (c.v)=In (BG+CBH) : In (NAG+LAP)
EEA (¢ p)=In (BG+CBH) :1n ( ALP)

3, BEA (con) N C-ARHUBE/N-FRHX L, EEA (¢
pr A C-3R Ut /P B e 200

4 F FH Microsoft Excel 2020 il Origin 2023
PEATEOE R PR AIE ], ] SPSS 26.0 X AR #EAT )5
P HTRL VA g, Ab3HE] 25 55 R XS ( Duncan )
ZEWKITE, BEWKTEN 0.05, AXCHkit
R R R L

2 %5 R

2.1 AFEEGIBEVEERLEITEY=EM T

SRR AL AR L, It A (CF) X)
FOKFE . /N RPRDRFEFF = A B . AR
FALIERAC LB EE (TM . FM Fil HM ) FLAEK S
FEFF P B M9 0 9.97 . 921, 9.27 thm 2, #F
BN 779, 7.20, 7.24 thm?, 5 CF Mt
YR fERE 2R (K la), CF. TM. FM fil HM
RN FEF a4 5 6430 6.56 . 6.63
6.26 thm™>, FFRL=H 351k 4.66. 4.75. 4.80.
4.54 thm >, Ah#iEEEEZER (K 1b).
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FitE L FMm

2018—2023 AEAEFFRL 3% 43 B HoAk 241 F it He
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RE¥ (CF) ®KASFFRL TC. TN, TP K/hEE TC,
TN ST ELW, NEFR TP & ERm
9.20% o AN [FA HLIE AL LI #E( TM . FM Fil HM )
AR AL BEAE YRR TC. TP & EREA £ 5,
Rl TN S aEA BEES . AVEERER L6
REHE S T KRR . NEERPRE TC i, BRAR T /NEEHF
BL TP &5, Hrp, TM. FM Al HM Ab 3% CF Ab 3§
IKAEFERE TC & B A3 1.23%~1.78%, /NEEFF
B TC S EIEIN 3.35%~3.86%, /NEKHRL TP & &
/> 4.43%~7.99%. TM, FM, HM AbB i 353 5
T/NERSHFF TC &, 5 CF B 5L T
3.00%. 2.15%. 2.86%. fF HAFREZ e,
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H: ns R HEZ RIS R N KR NE- R AL AR FERFES . Note: ns indicates no statistically

significant difference between treatments. The rice and wheat yields were samples from five rice-wheat rotations.
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Fig. 1 Crop yield under different fertilization treatments from 2018 to 2023
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Fig.2 Crop grains nutrient content and their stoichiometric ratios under different fertilization treatments from 2018 to 2023

FAIEY SR AR I R EEER(E3), M TC &&:, HinT 131 gkg' (&l 4a); FM
23 ARFHENEERLEN LEFSSER A HM AR FR N1 TN S HiE )y 4.12%~

B2 Em 6.37% (&l 4b ). Lﬁ CF Ab#iAHLL, TM, FM fil HM
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Fig.3 Crop straw nutrient content and their stoichiometric ratios under different fertilization treatments from 2018 to 2023
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Fig. 4 Soil total nutrient content and their stoichiometric ratios under different fertilization treatments from 2018 to 2023
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Fig. 5 Soil available nutrient content and their stoichiometric ratios under different fertilization treatments from 2018 to 2023
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Fig. 6 Soil P fractions under different fertilization treatments in the 2022 rice season
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