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Differential effects of long-term substitution of 20% chemical nitrogen fertilizer

with different organic amendments on soil organic carbon fractions
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Abstract: [ Objectives ] Application of organic fertilizers is an important way to improve organic carbon and

soil fertility. Studying the effects of different organic fertilizers proportionally replacing chemical nitrogen

fertilizers on soil fertility and the accumulation of organic carbon and its fractions can help elucidate how organic

fertilizers improve paddy soil fertility and enhance carbon sequestration. [ Methods ] The research was based on

a 10-year long-term fertilization experiment, located in Human Province. The soil samples were collected from the
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treatment plots of PK fertilization (T1) and NPK fertilization control (T2), as well as three organic amentdment
treatments where 20% of the chemical nitrogen fertilizer was substituted with the return of Chinese milk vetch in
the early-rice season and rice straw in the late-rice season (T3), commercial organic fertilizer (T4), and pig manure
(T5), respectively. The content of soil total organic carbon (SOC) and organic carbon fractions, the activities of
organic carbon metabolism related enzymes (cellobiose hydrolase, B-1,4-glucosidase and polyphenol oxidase)
were analyzed, and the integrated soil fertility index (IFT) was calculated. [ Results ] T2 significantly increased
IFI, relative to T1. Compared with T2 treatment, the organic substitution treatments significantly increased IFI and
SOC by 4.56%—7.80% and 2.34%—5.04%, respectively, and T5 was recorded the highest increment. T3 and T4
increased the content of soil mineral-bound organic carbon by 2.80%—3.91%, while T5 treatment increased soil
particulate organic carbon content and its proportion by 18.30% and 12.63%, respectively. The T3 and T4
treatments increased the soil microbial biomass carbon content and the activities of three carbon conversion-
related enzymes, which contributed to the decomposition of organic materials and their accumulation to mineral-
bound organic carbon, T5 treatment enhanced the physical protection of organic carbon due to the high stability
index and fatness index of organic carbon from pig manure, resulting in a significant increase in the accumulation
of particulate organic carbon in soil and its proportion in the total organic carbon. The results of structural
equation modeling indicated that the content of particulate organic carbon was the main factor affecting soil
integrated fertility. [ Conclusions ] Long-term application of organic fertilizers promoted soil organic carbon
accumulation and improved the integreted soil fertility under the condition of replacing 20% of chemical fertilizer
nitrogen. Straw (including milk vetch) and commercial organic fertilizer were more conducive to enhancing the
accumulation of stable soil organic carbon fractions, while pig manure was more conducive to increasing the
proportion of unstable soil organic carbon accumulation (ie. particle organic carbon) and its proportion in total
organic carbon pool, so resulted in highest soil fertility index and the active organic carbon pool.

Key words: replacement of chemical fertilizer nitrogen with organic fertilizer; paddy soil; soil fertility;
organic carbon components; enzyme activity
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Table 1 Nutrient contents of the tested organic fertilizers

A BRI

P K C
Organic fertilizer type

¥ 3% Pig manure 0.92 0.33 0.47 12.29
FisLAHUE Organic manure  1.03  0.62  1.62  23.50
L AULEHE Green manure 040 010 032 6.45

FEFT Rice straw 077 021 219 3254
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Fig. 1 Effects of different fertilization treatments on soil nutrients and integrated fertility index and the relationship
between soil integrated fertility index and organic carbon content
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Note: TI—PK fertilizer control, T2—NPK fertilizer control, T3—Substitution of 20% chemical N with milk vetch for early rice and rice straw for

late rice; T4—Substitution of 20% chemical N with commercial organic fertilizer; TS—Substitution of 20% chemical N with pig manure. SOC—Soil
organic carbon; TN—Total N; TP—Total P; AN—AIlkali-hydrolyzed N; AP—Available P; AK—Auvailable K; IFI—Integrated fertility index.



6 1Y A, e KRR HLILEC 20% AL E0 RS H A HLER A 73 KAL) 122 AR 1113

FUUL AR S AT T2 AbEE, AR
FRACNE A AL B + 5964 UK & i 3 42 T T 2.34%~
5.04% (P<0.05), 3 A HLAEEACALARALFE T L3
ML [ 52 %R /N T5>T4>T3, T1 Fl T2 AbFE 2 [i]
AP 5y & w0 W 35 22 5 (1] 3). AHXF T T2 Ab
B, T3 R T4 AbFRER S T MAOC & i, MR/
Wk 2.80% F1 3.91%; 1 T5 AbFLE #4H5 T POC &
=, HiEN 18.30% (P<0.05),

T1 5 T2 Ab3A HLAR A 53 o5 58 ST HLAR A9 LE
BTG B35 25 5, il FH A AILIE A BRAS ) 2 5 b g AR T
POC 1 MAOC i H3EA PR LL] (151 3), 5 T2 4b
PRAH L, T3 F0 T4 4b3 A+ 3EH ML 7 i - 5EA HL
TR HL AT B k2, T5 4b38 POC (5 + 3 MLk
(4 A9 S S BN T 12.63% 0 X SEZE LR, FEFFAI
A HLIE AR #F T+ 58 PLAK S L4 43 1 [A] 20 FR
B, MR T ONRRE MR R i HE
2.3 A EMBLET HIEEMEMHARENENE
AR SN0 T B S IR B KB E F

I AT A [ 2 B e T B T 1 (] 4).
5 T1 T2 A FRAH I, A AUIE IR IE AL 334 5 2%
PR T LT 2 R K i RN 2 1 SR AR B TR T (P<
0.05); T3. T4 Ab¥W EPLE 1 B-1,4-7 450 11 BTG
Pk, RIH T3>T4>TS, LAk, AHUERILIE B
FRT T R A AE YRR S & (P<0.05), JUH:
J& T3 AbH,

ERGH 3R, MAOC & & 5t W A e ik
RIS 2 A E (B 5) A B RAUSA A Tk

PAE T R A IR S B S5 H T PR R, AR
PR X K . LG ILBERR I (GFI) R LR 2
¥IJ7 (RMSEA), KT LRGN0 J1 (S5 4 J5 R A A
W& EC SRR W X°=3.3, df=3, P=0.346, GFI=
0.93, RMSEA=0.08, BEMFR: HIELZRGIETIEET 94%
M AE 5 (&1 6)o e rit A AR = ] 422 5 e + e 25 5 10
J1 (U 287 0.65), POC BRI +3EL AR T (B
Ml R4 0.49), DRtk A HLAL AR A A 8 2k 34 fin

+HEPOC F i, WML A
3 e

3.1 AEIAHEERLEN TIEANKRERFL
AR HEIFNE

it P A LA S i S5 Bl A, Al 2 - 3y
PBUBE R, Mo A B R, JEm 42 s e
i, i ARG DAL AR AT HLaR L R A5
Wi 22 2 () Ffr A AILAEAE AN [ BR A A1) 22 i) g i,
XA TR A HLAE &5 AR AL T e LA AL R
Mg, DR LLRE A A [ LIS 22 18] (4 A AL
BRIRFEOR . FEARBETEH, EALAER (10 4F) 1945
T, AP IE b P R £ i A HLAR & =
(181 2), 5 LMEBFFE P A HUIC RE S 14 I L e A HLax i)
WL — e, R AR eSS, AL
I ) - My AR O BR DA, O ELI R T BR R AL %
REE R (1 4), e g HLPPRL T i % 16 o 3 B
B fEAF—PERE, 3 MONRIRA LA HUILTESE L
BIERACIE RS T 1) e AR S R N RS AT>

14 301
a Q
b ab 8 a
2 13r _i_ B3 £%s
on ~ >
2 w 20

i g = -2
¢] =1 W Q
ggu o=
(5] o
=29 =
@) =S8

&m %510 b

Tt r g I

+H g b I

g ¥
wn
10 1 1 1 0 1 1
T1 T2 T3 T4 TS5 T3 T4 TS5
b3 Treatment

B2 TREMERLETHIRANRS EMENREFEE
Fig. 2 Soil organic carbon (SOC) content and organic carbon sequestration efficiency under different fertilization treatments
e TI—DUEBEAAL; T2 RBE; T3—RAE S e+ R KRR A 20% LB A T4—Rs A HUIEER 20% fIEA; T5—H43E
B 20% (LA EIhiREL AbREZ, M LARF/NG SRR A BIE] 22 7 2 (P<0.05),
Note: TI—PK fertilizer control, T2—NPK fertilizer control, T3—Substitution of 20% chemical N with milk vetch for early rice and rice straw for
late rice; T4—Substitution of 20% chemical N with commercial organic fertilizer; T5—Substitution of 20% chemical N with pig manure. Error bars

in the figures indicate standard deviation. Different lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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proportion to total soil organic carbon (SOC) under different fertilization treatments
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Note: TI—PK fertilizer control, T2—NPK fertilizer control, T3—Substitution of 20% chemical N with milk vetch for early rice and rice straw for
late rice; T4—Substitution of 20% chemical N with commercial organic fertilizer; T5—Substitution of 20% chemical N with pig manure. Error
bars in the figures indicate standard deviation. Different lowercase letters above the bars indicate significant difference among treatments

(P<0.05).
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Fig. 4 The soil enzyme activities and microbial biomass carbon content under different fertilization treatments
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Note: CBH—Cellobiose hydrolase, BG—f-1,4-Glucosidase, PPO—Polyphenol oxidase, MBC—Microbial biomass carbon. T1—PK fertilizer
control, T2—NPK fertilizer control, T3—Substitution of 20% chemical N with milk vetch for early rice and rice straw for late rice; T4—Substitution
of 20% chemical N with commercial organic fertilizer; T5—Substitution of 20% chemical N with pig manure. Error bars in the figures indicate

standard deviation. Different lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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