FEE F5 R AAR 2023, 29(7): 1300-1312 doi: 10.11674/zwyf.2022628
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

A HLICHLRAE Lo B 7 B 338 RE 1 A E By 7™ B i S 33

k!, U AN, o 4L s, BaTL & owm, £ O
B!, a3 B, EmE, kR, AR
(1 VEPGE AV B b L AR5 PR IR IR BE P ST / [ SR L0 i B T AR BRI ST bty / R ARV IR B B
LM SZEG VG, VLV B 3302005 2w B A A 0, PR & 330000 )

E: [ B9 ] BF5c i (<S 4F) A HLIOHLAUECE H % 3900 77 L KoK RS F= a2, DAHRR 4R T 553
Ji PR R SR . [ D EE ] WELE AR T 2017—2021 4R AE K VT AP R B A0 20 3 30 2 A W A7, 4t
W6 MAbEE: AHEAL (CK), LAl (CF), BHLA LG F1h 25%. 50%. 75% 5 100% [ HLICHLAE BliEAb
FE (25%O0N, 50%ON, 75%ON, 100%O0N), 2021 4%, B BEREARVE M= MROR G REZ L ERER
AT LM BN (AR S RMIRR S &) . IR (pH. APLE . 2R ek, 2. ARG A3mE.
R AR FARE) SRR (DR . RRYEBERREG . AN RS . UEW Y R . MEY YRR,
SR I S 25 A 485 (IFD PR AN EL A MUIE R IR AR, 18 /D Z R B AR5 5 (PLS-PM) 43 M A L
TEHUIEEC A L%t IFL DL = s ryszmm . [ 4538 ] WEE AV L@ 48, AVICHUCE G 13y . b
S EYPEEEIR BRI B2 T . A DL S R BT G P S L A T AR B A DG 56 R 4438 K
-, AR SRR AR Y ERAERY . FR o DL R TR A R . A T bR bR, e
B SAHE MBS REURR, ZAVIEB AR WK, e R ERE T 5 IF1, APCHURRE AL S H5 %L
B T RRARAE ,  EBEE A P B L ) = e 1, AT RO 7 o D A AL B LA e, A
HLAE LG L 151] <<50% B, P SEAREAL IR, >50% BR300 0087, PLS-PM M HT4s 5 BoR, A HLAEFIEHLAE
B AT IFT B3 B0, AU RN KT ICHUAE ; A LT ™= 5 T0 525, i JCHUAE A X 7™ 52 i)
B, [4W) AYLTCHUEER T DL mok % H st , S 130y, HA DU ot s AOR g, 3
NSRS AR 1A (5 AE LAY, ARIE R =i A w5 A XA, A HLE A L A 50% LT, A g
A ) P2 T 5 7 i g

KA FEH,; AHUEARSH; KRERKER,; B, HEEHSEERE; KEsEE

Short-term effects of organic to chemical nitrogen proportion on
paddy soil fertility and double rice yield
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Abstract: [ Objectives ] We explored the effects of organic fertilizer proportions in total N input on the rice
yield and soil fertility in short-term, in order to propose a reasonable organic fertilizer ratio for improving soil
fertility and rice yield simultaneously. [ Methods ] A localized field experiment was conducted successively for
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five years from 2017 to 2021 under double rice systems in Yichun City, Jiangxi Province. The experimental
scheme was composed of no fertilizer control (CK), sole chemical NPK fertilizers (CF), organic N (pig manure)
replacing 25%, 50%, 75% and 100% of chemical N input (denoted as 25%ON, 50%ON, 75%O0ON, and 100%ON),
all the fertilizer treatments had the same total N, P and K input. The grain yields of early and late rice were
recorded every year at harvest. At harvesting of late rice in 2021, tillage layer soil samples were collected for the
determination of 15 physical, chemical properties, and biological properties indicators. The soil integrated fertility
index (IFT) of treatment was calculated and the importance of organic and chemical fertilizer on IFI and yield was
assessed by partial least squares path model (PLS-PM). [ Results ] Compared to CF treatment, organic fertilizer
promoted the soil physical, chemical and biological properties, and the effect was enhanced with the increasing of
organic N proportion. Soil organic matter and B-glucosidase activity were significantly correlated with the soil
chemical and physical indicators. Among the tested indicators, total and available P content had the highest
variable coefficient values, showing their sensitivities to the input of organic fertilizer. All the fertilization
treatments improved the IFIs, and the four organic replacement treatments did better than CF treatment. The IFIs
increased with the enhancing of organic N proportion, while the grain yield effect was on the contrary. The
25%O0ON and 50%ON treatment were recorded similar annual yield with CF, while 75%ON and 100%ON
treatments were reordered significantly lower annual yield. PLS-PM results showed that both chemical and
organic fertilizers had significant effect on the IFIs, and the effect of organic fertilizer was higher than that of
chemical fertilizer; organic fertilizer had no significant effect on rice yield, while inorganic fertilizer had
significant effect. [ Conclusions ] Chemical fertilizer plays a decisive role for maintenance of rice yield, but
limited effect on soil fertility. Whereas organic fertilizer shows no obvious effect on rice yield in short term, but
contributes greatly to the improvement of soil fertility. The proportion of organic fertilizer nitrogen should be
controlled within 50% for maintaining high rice yield and improving soil fertility simultaneously.

Key words: paddy field; organic fertilizer N proportion; macro-aggregate content; enzyme activity;
soil integrated fertility index; rice yield
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Table 1 The annual nutrient input from organic and chemical fertilizers of each treatment

AHLIEEL Pig manure ALAE Chemical fertilizer
Ab#E Treatment
N P,0; K.0 FiHLBk Organic C N P,0; K.0
CK 0 0 0 0 0 0 0
CF 0 0 0 0 330 135 330
25%0N 82.5 93.50 100.38 2277 247.50 41.50 229.63
50%0N 165 187.00 200.75 4554 165.00 0 129.25
75%0N 247.5 280.50 301.13 6831 82.50 0 28.88
100%O0ON 330 374.00 401.50 9108 0.00 0 0
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Table 4 The enzyme activities and MBC and MBN contents in soils under different fertilizations

e JoR it PR PR P-TIHRTY IEE HUEY Yk HEYWEYER
Urease Acid phosphatase B-Glucosidase MBC MBN
Treatment
[NH,*-N mg/(g-d)] [mg/(g-d)] [nmol/(g-h)] (mg/kg) (mg/kg)
CK 65.42+6.07 d 1936.43+107.33 ¢ 509.63+11.54 ¢ 127.37+4.75 ¢ 10.49+0.58 ¢
CF 79.94+3.42 ¢ 2005.86+119.69 be 534.17434.31 ¢ 131.89+7.48 ¢ 11.88+0.72 be
25%0N 84.81+4.10 be 2147.41+36.56 abc 613.07+21.40 b 143.09+9.00 be 12.77+1.31b
50%O0N 89.84+8.56 ab 2243.05+179.85 ab 704.47+33.79 a 158.75+5.62 ab 14.41+0.72 a
75%0N 90.98+2.89 ab 2336.01491.14 a 708.32424.34 a 163.86+12.66 a 14.82+0.98 a
100%O0N 98.87+5.23 a 2320.28+204.33 a 723.26+32.59 a 172.36+12.65 a 15.39+0.50 a

H: CK—AHEIEX IR, CF—23ALIEALFE; 25%O0N. 50%O0N . 75%O0ONFHI100%0ON St R A HUIEA LB H25% . 50%. 75%. 100%[1ik

o FZEEE ARG PR 2R A RIR 22 53 .35 (P<0.05).

Note: CK—No fertilizer control; CF—Chemical fertilizer; 25%ON, 50%O0N, 75%ON and 100%ON represent the treatments with organic N ratio of
25%, 50%, 75%, and 100%, respectively. MBC—Microbial biomass carbon; MBN—M icrobial biomass nitrogen. Values followed by different small

letters in the same column mean significant difference among treatments (P<0.05).
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kA Urease
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MBN
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Fig. 1 Correlation between indicators
o Ro,s—hifE>0.25mm K ; OM—AHLT; TN—2%E; TP—2W; TK—24,; AN—HMA; AP—FA W ; AK—BAH;
CEC—IHE F23cif it ; MBC—UE WA Witk ; MBN—UZEW YA
Note: Ry,s—Size>0.25 mm aggregate; OM—Organic matter; TN—Total N; TP—Total P; TK—Total K; AN—Available N; AP—Available P;
AK—Available K; CEC—Cation exchange capacity; MBC—Microbial biomass carbon; MBN—Microbial biomass nitrogen.

B2 a4 (TK) BE PO S BE B 5, Ua P it
R, HAS R A A BT R R A R T
SR, H ARG LR L, Ul R [R] it AR
b B AT W s

TR g R L, KMO K56 (KMO {4
0.8) B JFA A8 &3l B o AT, A5 BN AR
AP 07 22 M HALEAE (3R 6). i 6 AT, Hi
2 TS CRAAEER T 1) X T 805 2219 Rt ok
iK% 84.22%, [FIREFRIRA R FIr KT 70.7%,
VBT 2 > 325 REAS B0 07 1) J e £ 38 A H8 A LA K
AR R

M 3 A%, 5 CK ML, FTA it H 2
P 7RI N LR ARG 5 CF AL, FrfA it A
PLAAE AL B i 2 4R T H IR AR I 25 5465, HoFE
B A PUE N B LB T, I8 D748 Ei I 1

o DL ESERERY, HEIE AT LIS & AR Ty, Bl
AR TS, i A HUIE A O L ek, 85
NERLAL T
23 KEFERESHZERAONXR

M7 WAL, S5ORHIE AL FRAT e, i IR AL B 3
WERE TSR, AVLARK L EE 25% 5
50% I, R OOMaAE DL RARE B S O AL I AR BTG
WBEZES, MAILALGFAEZ 75% 5 100% B,
R AR S i 0 SR T i R AT b 2, T
A8 f1 T e Ee A HLIE Y 3R B GH E  18, TEk:
Tl 2 Y KRR IE B T 2L, L HE X PR R i)
B, R AR R ] SR AN R T A HLIE SR 4
R, ARSI AT — 2R IR FR B AN, A2 A
MR LL S RUEI R S A A S L
(>50%) A HLENEAF T r= 4 FE
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x5 TEBEMEARMGITE

Table 5 Descriptive statistics of soil properties

75 Variable YJ{H Mean  #:7% Range H/MA Min. o K{H Max.  FrfE2: SD AR RECV (%)
Rozs 47.14 14.34 39.89 5423 3.62 7.68
pH 5.54 1.02 5.06 6.08 0.32 5.76
A HLBT Organic matter (g/kg) 32.15 9.57 27.46 37.03 2.66 8.27
2% Total N (g/kg) 2.67 0.68 227 2.95 0.19 6.99
421 Total P (g/kg) 0.76 0.46 0.51 0.97 0.15 20.07
454 Total K (g/kg) 15.76 4.78 13.33 18.11 1.20 7.59
F3 A Available N (mg/kg) 267.24 74.33 228.83 303.16 23.34 8.73
H W Available P (mg/kg) 4551 48.30 23.60 71.90 17.30 38.01
HLH Available K (mg/kg) 134.22 79.81 96.92 176.72 23.28 17.34
FH #7384ttt CEC (cmol/kg) 14.64 5.33 12.02 17.35 1.56 10.65
PRYEWERRME Acid phosphatase [mg/(g-24 h)] 2164.84 722.17 1833.82 2555.99 197.90 9.14
WA Urease [NH,*-N mg/(g-24 h)] 84.97 44.96 58.61 103.57 11.71 13.78
B-HIHH Al B-glucosidase [nmol/(g-h)] 632.15 241.27 501.91 743.18 91.41 14.46
MAEYA Yk MBC (mg/kg) 149.55 64.94 122.00 186.94 18.77 12.55
WAYEY A MBN (mg/kg) 13.29 5.89 10.06 15.95 1.93 14.49

Note: CEC—Cation exchange capacity; MBC—Microbial biomass carbon; MBN—Microbial biomass nitrogen; SD—Standard deviation;
CV—=Coefticient of variation.

—m— CK

—e—CF

g e . § 25%0ON

B-7HIHH T B-Glucosidase \ N SO%D)ON
75%O0N

—<4— 100%0ON

B2 BiEHHRBEENEILE
Fig. 2 Radar plot of membership value of indicators
TE: Ro—Hif8>0.25mm HIRE; OM—EHLET; TN—2Z; TP—428; TK—2M; AN—HMA: AP—H W AK—HM;
CEC—HE T2 #lt; MBC—HUEY AWtk ; MBN—HRUEYIAE 5.
Note: R,,s—Size>0.25 mm aggregate; OM—Organic matter; TN—Total N; TP—Total P; TK—Total K; AN—Available N; AP—Available P;
AK—Available K; CEC—Cation exchange capacity; MBC—Microbial biomass carbon; MBN—Microbial biomass nitrogen.

HTRAIA . TILRRARES YR ROMNES . 48R ExR, ISR 0.744, BEpRHE
e AR Ak . e B R BOm pAE. BUPEREEEF . AHLA SIE RS P . fer R L
KEFR, W T fife/D RHACKIL (PLS-PM, K1 4).  REFNEIEA AR R B8 2K, BA
Y A E SRR NS SR IR REGT HLASAX S AL 48 B A2 R EOE R T LA,
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Table 6 Principal components analysis (PCA) of soil
fertility indicators

e
bR By NHRTFITE ANE
=R Principal component %
Index Communality Weight
1 2
FFF{H Eigenvalues 11.492 1.140

TR (%)

Contribution

76.616 7.602

FPUETHRAE (%) 76.616 84218

Cumulative contribution

K F#faf Factor loading

Ryzs 0.858  —0.181 0.769 0.061
pH 0.854  —0.359 0.858 0.068

A HLIE Organic matter 0.886  —0.149 0.808 0.064

4 Total N 0.813 0.213 0.707 0.056
4§ Total P 0.972 0.006 0.944 0.075
440 Total K 0.539 0.760 0.868 0.069
FBUA Available N 0.872 0.258 0.826 0.065
% Available P 0.965 —0.070 0.936 0.074
BRLEN Available K 0943  —0.234 0.944 0.075
FH B F 3 it CEC 0918  —0.035 0.844 0.067
TR MWL i 0.780 0.334 0.721 0.057
Acid phosphatase

WK Urease 0.842  —0.281 0.788 0.062
- 0.956 0.051 0.917 0.073

B-Glucosidase

WA YRk MBC 0.913 0.094 0.842 0.067

WA YA MBN 0.926 —0.062 0.862 0.068

T AR B A E SR AR
Note: Bold character indicate highly weighted indicators. CEC—Cati=
on exchange capacity; MBC—Microbial biomass carbon; MBN—

Microbial biomass nitrogen.

UL HLAC 5 AL AL AT A X 255 LR 0 A 3 Bd%
BERW, AHAERZIE R T . X 77 &,
HARNE AR AR IEEREOR S B EKF, A
BLAE XS 7 i T RN, g B HEAE ) B AT L
FREc INA BN TIRC S =4 l1i =4 L N ]
S, X B Y e I RO T Ak
Feor BIHERLE B, AR KESR 7 BRI, FRKIER]
TARNEXE S A A 2 Bomk, A HLIE X 41
HETT RO AR, PR, 20 A s LA L
HEA T AT, AR LA #) TR E /- &, dE A
4 T it L 8] A B 3k 3]+ e I 5 R A 4 7= 1) “ XU
H,

1.0

o

0.5

TIERE T Lr A AR AL IFT

Kb F Treatment

3 HEEAOGEEER
Fig. 3 Integrated fertility index (IFI) of soil
E: CK— AL I CF—BHL; 25%O0N, 50%O0N, 75%ON,
100%ON—4310 25% . 50%. 75%. 100% A HLE & LA 4
Bl o FE_EARING SRR A BIE] 22 5 .3 (P<0.05).
Note: CK—No fertilizer; CF—Chemical fertilizer; 25%ON, 50%ON,
75%O0N, 100%ON—the ratio of organic fertilizer-N in total N supply is
25%, 50%, 75%, 100%, respectively. Different lowercase letters above

the bars mean significant difference among treatments (P<0.05).

x7 TRLEHBATE (thm’)

Table 7 Rice grain yield of different treatments

i L iR ek
Treatment Early rice Late rice Total yield
CK 2.33+£0.22 ¢ 4.18+0.16 ¢ 6.51+0.25d
CF 5.66+0.10 a 6.10+0.16 a 11.76+0.14 a
25%O0N 5.60+0.29 a 6.15+0.27 a 11.75+0.36 a
50%O0N 5.51£0.22 a 6.11+£0.19 a 11.61+0.09 a
75%0N 4.81+£0.342 b 5.82+0.72 ab 10.62+0.34 b
100%O0N 4.5240.25b 5.52+0.21b 10.04+0.40 ¢

H: CK—ANAEXT IR, CF—2ARfLEA B, 25%O0N. 50%O0N,
75%O0N F1 100%ON/F S CERAPUHE A HLHI25% . 50% . 75%.
100%AYAL B . [/ 5 B4l J5 AN TR /ING SEBR 3R R A B A 22 57 | 3 (P<
0.05),

Note: CK—No fertilizer control, CF—Chemical fertilizer. 25%ON,
50%0N, 75%O0ON and 100%ON represent the treatments with organic N
ratio of 25%, 50%, 75%, and 100%, respectively. Values followed by
different small letters in the same column mean significant difference

among treatments (P<0.05).
3 e

TIEFREIE I O A IR Z R, Kbz HEZn
RLETREOEMNE FEEGEY . LT BRI
A ISR E0E , N T e P45 o7 i Bl o i
WA, RS REOEY . ABFRRY, HEiERT
DLW i m DR & B SR L ek, 55t
FEREAL BEAH L, ASTR] He A5G HILAE ) I i Ak B8R X+ 3¢
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3
N
S

LUBEEERIN
Physical character

PzEEAR

Chemical character

1.167*

Ty r sk
Integrated fertility index

e

Chemical nitrogen

G/ ESERN

Biological character

FE B Yield

El 4 BAIENERRRANTIRENGESERS~EXMNRRN ZREBFER SN
Fig. 4 Effects of organic and chemical fertilizer input on integrated fertility index and rice yield analyzed by the partial least

squares path mode (PLS—PM)
T AR RE 1000 Wk A BiiAE G, AR AN S AR ZR AR 4040 5 2R AR REOT AR, $wss 47 FORIBR REGA B E K

- (P<0.05).

Note: Path coefficients are calculated after 1000 bootstraps. The arrow indicates the effect direction, and the thickness of line between indicators

represents the values of path coefficient, the thicker, the higher of the path coefficient, and the “*” beside data indicates significant path coefficient

(P<0.05).

KERE GG BRI EE R LIRS
- S I PR DL SR R R e R A B AR
HE e A MU BB B 4, ey HILR A
JIFREC (IFT) 2B —BOWA i i NE Ak 3 1Y
IFI 3% & T ARACAL B, A3 HLARALFEAY TFT B % &
TRt AL AR B, A5 LG L (R 5 TFT ok,
DA TFT R DL B2 o b S e - 398 A8 7

AR AT Dok 3 HEAE M, e ISR A
T HE T AR 022 L A LAE it FH o ) 34
INHAR TR R B2, FEARBETE T, 5 i AT A
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AR T A AR A AR DL R B
TEGTG P, BOiE 50% A HLIE I B 48 & T A L .
SR B ARG AR A . ARGE.
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WE & 145 12 Ak 54 W02E 4845, 1 75%0N
F1 100%ON Kb i 2548 5y 1 B T3 4 B0 2 i b i H:
A 16 WiHEhr, TN TFT WA AL B 5 7w i
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K,O. ARSI FE, BTl E e
G AR AN RN, DURE R SR bR,
ik, K& A VUEECHE LT+ &, P,Os. KO, A
LB SR 3 A3, i Lo K T 50% i,
WL BRSO3 AS R FE B b sy T SRt AL T AR B, AH OGP
SRR SRS AERBEAAL, SHE
T b i IE ARG, BB ML 4 THIE ) AR d8 45
WA EHEREBEMEW ., Fik, &holaPuIeE T e
AR IR, ot S5 5 52 = A T
P B4 PR 000, 2 T B UL, T WL, A AILIE el
A, X R AR A W A R R TR
U, X ATREIE & A HEZE A I A HLAE He A5 v i
B NTER

A HLTCALIEAS [ Bt b 3] L B AN [+) it FH 4 B Xt
TG ACRCR UL AR i S A 25 e, A
ik 20 AEEEACIARR S, A HLIEECHE L 5] 70% % T4
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