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Effects of Long-term Application of Organic Materials on Soil Nutrients in Paddy Fields
HUANG Zhengchenl’ 2 YU Qiaogangz*, YE Jingz, HU Miaodan’, HUANG Weizhong3 , SUN Wanchun?, MA Junwei?

(1 College of Environment and Resources, Zhejiang A&F University, Lin’an, Zhejiang 311300, China; 2 Institute of
Environment Resource and Soil Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3 Shaoxing
Academy of Agricultural Sciences, Shaoxing, Zhejiang 312003, China)

Abstract: The effects of returning organic materials, such as Chinese milk vetch, rice straw and commercial organic fertilizer, on
soil nutrients in paddy fields were studied through a 12-year long-term positioning experiment from 2010 to 2021. The results
show that application of organic materials can effectively increase the contents of nitrogen, phosphorus, potassium and organic
matter in paddy soil. Compared with the single application of chemical fertilizer, Chinese milk vetch increases the content of soil
alkali-hydrolyzable nitrogen by 6.97%, commercial organic fertilizer combined with chemical fertilizer increases the content of
soil available phosphorus by 49.30%, rice straw increases the content of soil available potassium by 49.32%. Application of green
manure, rice straw and commercial organic fertilizer increase the content of soil organic matter by 6.0% to 7.5%, and improve soil
acidity but the difference is insignificant. There are significant differences in the increases of soil nutrients among different
organic materials. Chinese milk vetch green manure has the strongest fixation ability of soil nitrogen, organic fertilizer and rice
straw have the most significant increase in soil phosphorus and soil potassium, respectively. In conclusion, long-term application
of organic materials is an effective measure to fertilize soil and contribute to the sustainable utilization of paddy soil.

Key words: Long-term located test; Organic materials; Soil nutrients; Chinese milk vetch; Rice straw; Commercial organic

fertilizer
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A BT 0, AR RL S e s ik, 1L
HEWIR + He4fitly, G moT R 5 A HILR AL
SRR HENALIURT S, BLEC SR T2
R SCER Ui, o DU/INE | ORI i
R R e E

Bl AV BT K B9 4 Ji 5 T RSl B 1Y
) M, B FOIE AL AE X 13 8 FE B ANTZ A
T, AR SR IO 2 T3 , RGOl A
ATFIRE AR REAIRRE R, SARZM
RT3, SRS BC A it o] SR A K 14
HAR I SRR, BARACAE X L faE , R
REEYHE = 5 IR ACRD, ARk, B
R AR G 7R [ N SMH AR AT o BIFSE R, A
PLYPEH S ACRERIBC A I, A8 & T A HUIERR 7
FRFRF ANE S AR IR 73 B T , T ASE B 4 S 2
s | LT T PRI L R A DL S
IR ORI B L RS
FDFFETT &, oA AR A7 5 s I (L AT LA
EEARF. G, FIEE,

e 303 T ] 406 D9 Oy FH RD BRI N R Y AR L A
seanl M, SEGAR TS A mAYE, [
LKA 0 491 8 A 0 A R, X AR B K
FBEIS BEAT YGRS . A PR IR 7
U, WA R B i 2 IR, — 2
KA A BA Bl R R s, l i X AT
0 2 A R T DU B R B S e s R
PLPRLA TH Y 58 8 S R, JHXE - 8 A8 0 32 i
BAGE A, Jovk A e 0150 9] P R B ok
T E A R 35, AT LS 4 M 2 A PPN A B
Ykt B BTN AR L SRNA N AT
RN o — B Ut R ) 7 1 19 285 2R 2 5 e 0] ]
IR AR M ZBOR

Hit, ABESELASE =0 | KRS RS AR AT HLAE
VE A BLYIRE, TR HAE A FH RS i F it P ) - A0
TIERTVRCR IS, LI R 7K RS A e ™A™ AR LB
Mo T RS R AR BERL AR

1 #RERE

1.1 R SR

2009 AEFEHTVLLA 26 AR H A 3R K W )
&, FFRAYWREE | K E i sE, 5 2021
ECARFEE 12 4F, IZIRE0 UL T 40 24T B XA A
R, NG R, AR 165 C, 2
AR 4.1 °C, 7 AF¥AIR 288 C, k%
KL 1 444.5 mm, 4E¥ H IEETELC 1 996.4 h, i+
HekkFE L, BHEBHEAE 1.28 g/em®, HHLF 31.2
gkg, ©& 1.52 g/kg, AW 23.63 mg/kg, HEER
102.5 mg/kg, pH 5.0, TIEFLKL . MRk AR & &
I3k 448 . 437 F1 115 g/kg.

K5 AR5 B N AR (CK) . Bt & #1L AL e
(CF). KFEFEFFIA H(SR) . B i A ML L (OM) . %5
ZUGAH(MR) 5 M3, B EEAE 3 ARl HLHE
B HARHIAB A RIS /N X . K5/ N X AL 20 m?,
KFE5r B0 5 m Al 4 m, SR 7K UG Gl R,
AL AHEHEK T, B 1k SR KR . 45 Ab B SR FH o
HHIE], Z(N) | B (POs) . 1 (K,O) it & 7351 K 225
75. 150 kg/hm’. A WL BT & BB 900 B
SERTIE, TR TR, HAR AR IR RS
R 50% A, S ERRNEOTILE 10 Kb, &
SUAERAE 4 A T AIBHE R KRR AT 4R
KRB G A H , R A HUIETE KRR ARRT 10 d s
FH o IR H P 24 MY K R AR 18, B4R 7
H Eftk, 11 Aalsk. BIERIRER, 535
NEFIIE AL o BRI A S iR ES , SR A e, 4
A A ATt FH o K e >4 Hls ) A% e e > 5 A 7K
3RS U B v A5 HH R4S
1.2 REHERRE

IKFEOGRIG , 4% 5 mUBFERAESAS/MX 0 ~ 20
cm HFZ HIERE S B IR R AIBRIR RS, B
SR 1 10 H i 1E A 4 4 FE—%5 41 100
Hii, VEal+ ke, FTFE el 2 A i o,
Tl ERESEA TR TR, KRGUCR I e T = .

%1 RBAIEIZiT (kg/hm?)

Table 1 Experimental treatment design

AP JUSIETBY HHRER  fRIEN S R NZEE A NERE RAC P,OsEENE fRAE K,0 JEAE
CK N 0 0 0 0 0 0
CF Pt AT 0 225 135 90 75 150
SR K FERGFFi4 H 9000 211.5 126.9 84.6 70.5 118.5
oM A MUIE T it 6 000 165 99 66 18 111
MR E WA H 52500 147 88.2 58.8 49.5 72
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1.3 RIEHERNE

- R AR AR ORI s A SR
0.5 mol/L RkFZ S ANV HE, BT L ORI E ;
HCE R 1 mol/L NH,OAc ISR, KIGERE
W5E ; AHLBT(SOM) & ik A ALK E 5, i B)
T P52 T A0 + 588 HLIKk £ (TOC),
Tl 33 H A S (SOM=TOCx1.724);pH % 1 : 2.5
TR RS, (HBIT pH BREETHIE
14 HFIEXEBESITHH

KM Excel 2021 5801 5 KR, A
Bl SPSS 26 1 Duncan ¥E#FATEUIE £ & LA,
P<0.05 FRn 2w BAGI R X

2 HR5H®

AR Ay o () 25 5k 12 AR R iR, i
B SN FEAE A 20 Dy AR B IR IR B A — e
D SRR R0y & R A S A E— R Bk 22 5+
EE T WA R B R A R 3R 23 1R
R MFEIERI AL, X DIAF R IR0 & B kAT
IIHT ECRE, nT AHEBR AN RV AE 03 B B /MR [ 3R 2

AYECHE M 25, TGS Hb LU A ALY 3 57 00 1 52
M) o ZEHE BRI 2 A7 001 o ] 25 BT ) AR A B 1A
RIRZEG, 7T L B LA AN [R] A XS 4 3984
oS A sE R, b, 0 b I mR A A S R R AR
AR A FEEIN ) MR>OM>SR>CF>CK, Xf +3E4 %%
e E B INfERH RN OM>SR*MR~CF>CK, %
- E AL E R A IAE RIS SR-MR=OM>
CF>CK, X HHEAHLE & EAE ImfEHRMA SR=
OM~MR>CF = CK (¥ 2).
21 KHEMRKETENERBRRSE
B, WK AR A B RO, AR
WM AR BV AEN, S T =R T R A S
i, Zal 12 AEESMHE KRR SIS, 5 CK 4
AHEE, CF ALBREE AN T 4.57%, SR ALFEIEHN T 7.66%,
OM ZLFHEHN T 9.93%, MR ALFEIEHN T 11.86%; i
5 CF 4L FAH I, SR AMFEIGAN T 2.95%, OM kb3
T 5.12%, MR AEFIET 6.97%(F% 2). AT WL, H
BLYPRL it AT DA R T T I AL & i, AR
BTt AN , o LSS 5 S g ik X 4 ey 38
HEZUHE T A 3500 R

*2 ARLBIEREFRSE

Table 2 Mean annual values of soil nutrients under different treatments

Qb3 WA 5 (mg/kg) A R (mg/kg) L (mg/kg) HHLF (g/kg) pH
CK 110.59 £37.04 a 9.11+£645b 62.81 £22.33 b 29.05+2.37b 553+036a
CF 115.64 £40.61 a 15.06+7.49b 71.80 £23.56b 30.57 £ 2.81 ab 5.59+038a
SR 119.06 £ 36.89 a 15.05+5.18b 103.80 £21.20 a 32.50+291 a 5.58+036a
OM 121.56 £3595a 2248 +7.86 a 77.81 £19.58 b 32.88+347a 5.69+031a
MR 123.70 £40.30 a 14.86 £ 6.65b 79.23 +£21.67b 31.90+2.64a 5.59+040a

T RPBENEIE £ e FISVEEE R ARG FREORAL B A P<0.05 K2R B3

59016+ 30 & HE (2010 4F CK ARHDHAI L,
2021 4E CK., CF., SR, OM, MR #bHmi i & & &
BT 33.56% . 36.48% ., 24.25% ., 25.84% . 32.12%.
{EURER Iy A - A B 20 2 £, 7T LR 9 B i - R
fitf RS B AR TR0 1 B H T AN PR ER S e e
KA Z A FE, HUAE A S a2 L
P, PHAE HIEN AR MAE R R BA S (& 1),

TE 12 AEA R iR 1a] 3 19 i
R BIARRI N LT %, BT 6 4F a5 2 &
b B, Hodh 2010 4R 5 2014 45 A6 2 (AT
R, PN 10.14% 5 27.09%. FIASAEFEfY)
RE LR B g K FRRBEAERRKMWEARRE, Hp
2016 4F . 2018 4F, 2020 4F A 1 emif A & e b —
SRR D, WSR2 AN K AR I, A5 Ak 3 ]

FRLLER, e e R o AR LRI MR>
OM>SR>CF>CK, l4E07 i 2R3 5 e HE T A AT
IOz 2 T 45 R /N X R HEK R e 25 S 2 B0 3%
RRMK GRS, ISR FRRY], MR 4b3
Xif - e ARG sk e T A AR, X 5 2R ig AR
K58 2 B H T 98 45 S A [R] o
22 KHEMRARTENEUHESE

X TR AR b - A I E R P T, 5
CK fHH., CF AbHEINT 65.31%, SR AFEHEINT
65.29%, OM AbHHEENNT 146.81%, MR AbBEMENT
63.11%; 15 CF AL#AHE, SR AL T 0.01%,
OM ZLFEIEHN T 49.30%, MR AFE /L T 1.33% (3 2).
R UIA DU A FC A it BT - a2 A 48 7 i Bk
25, AR 558 =000 )55 Bt A A B A 380RE O
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Fig. 1

Xf He i Hi S 3R R 5 B, 5 2010 4 CK
AEBEAAEE, 2021 4F CK AbES /> T 75.84%, CF Ab#
/0T 50.94%, SR ALHE /DT 30.40%, OM AbHE
T 22.78%, MR AR T 38.84%, Ui+
e ZME 0 AR T KR AR K s 2, RS FFiE
H 5% = 508 AT T HIEE R N, mA
AL FC it 5 >R e 1l 2% 3 L %2 T g = SO A it ik
w#(E 2).

B E PRI R W, KR & 2R A 2
Wl B B AR RGN, AN TR D) 2 SRR AW ) A R
oAb, (AR RERS IR R TE AR & i, AIKIR 1A 2
BEAEA S Z A — 30, &AL, A R
R RN OM>>SR=MR>CF>CK, H#' OM 4t
BT A s AR TR W . A 2010—

40r £ CK
35+

B CF

30

e

25
20

AT (mg/kg)

CLiiririiiiori il

Soil alkali-hydrolyzable N contents under different treatments

2021 4F, 5 CF AFEAHEL, OM Ah B I 443 S #2 i5
T EFER A BB S B 40.38% . 90.58% . 7.21%.
56.61%. 73.16%. 69.61%. 41.05% . 92.83%. 54.34%.
72.33%. 77.40%. 150.25%. SR Zb#F1 MR AbBEX}
AR SRR TINAN B, 5 CF 4B
RO O FE AR, SRR AT B RHA B AR T B AL Y
BEHCH 2, S T RENE A RE A, SRR AT LASE AT
IR

SRR 23 ™ IR VR P 1 A Bt FH B A T LA
AR S ED R (EX SR R B, - Am
255 DK SRR AR A B M R AR T T 2, 38 K
IR BT G 5 8 TR 000 R S 2 3 1o - 98255 i 1)
TiER, S NOKBEE . Rk, it SRR
o A DL B — i i

F SR EIOM F MR

PRI

B2 FARMETEEHHSE

Fig.2 Soil available P contents under different treatments

23 KEEMRRTENERHESE

X T E A S R R T,
CK Zb¥AH L, CF AR AN T 13.45%, SR ALFEHE/N
T 69.41%, OM AbFHIE/N T 25.92%, MR Kb N

T 27.85%; Wi CF ACHEMIH, SR ALHEMN T
49.32%, OM AbHHEHNT 10.99%, MR ALFHEN T
12.69%(F 2). FUIREFTIE BT 980 2 A4 T+ R #
3 AT DU 55 56 2 B R AL A A 8 0 e
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T Uit A AR ARG AR T RS FFAA H

XoF P30 HI e - R A & &L 5 2010 4F CK
ARERAAEE, 2021 4F CK AbH /D T 57.53%, CF 4b#
W T 54.57%, SR ACFRIE/ T 21.67%, OM AbHE,
DT 42.04%, MR ZEEE T 49.35%(1& 3), Ui
AR AR Z A i 2D KRR A KR, T LA R
&R R

5 CK. CFAbBEAHEL, SR AbFHE X 438w &
HRTEEAT B, 1 OM 5 MR AL BEX R AR
SEAETFNAEZE . M 2010—2021 4, 5 CF 4
AR, SR AbFHM) IR & AR T T 25.28%.
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Fig. 3 Soil available K contents under different treatments

24 KHEMAKETENGIRSE

X TR A A HLUAE T, 5
CK #bPEAHLL, CF ARBIGIN T 3.14%, SR AbFEHG N
T 10.78%, OM ALFEHEANT 10.56%, MR ZbFH¥EfN
T 9.38%; 15 CF AbFAHLL, SR ARHIE AN T 7.41%,
OM ALHEEANT 7.19% , MR ZEFEIE T 6.05%(F 2).
RUIAYLYE R Y Re e m B3 A LR & &, B
T A

XTI TS A PLE S, 5 2010 4F CK
AhEEAREE, 2021 4F CK AbPRIE /DT 8.97%, CF Ab#f
W T 12.81%, SR AMHEIEIN T 3.58%, OM AbHHJH,
BT 1.54%, MR ZFRIE/ T 4.95%. CF ALFEA AL
e PR R T CK AR, It AR 2= i 7]
Bt in R TR A ) 3T B R A A LT TS AE
AT ML A it FH D00 AT DA s /DA LB AL R FR R
AL 4)o ATUL, FELOVFPE thA BLYE it
SELE, I, PR KA B — R IE LR P I
SRR R AR, HIE TR E 1
e SR

A HLRLEL A At A AT LA R0 = - A AL

Fa i, (AR AT AL ZER A B ], i
it R AT — e e, R a0 A B A [ Ak ]
AL & 22 A B . M MIRIR A 7 - TF 4R,
AN b BETE] A AL & P IR R R 22 57 AE KM
SENREE T, A HLYENA H AT A% LR - A L
Jo, T HL 28 kA R A B S PR, 6 A AL
T B AR T 23 L B H O G 20

TR FIFE SR AN R T AR, WA R
M AHEER R, HIERAA S S TRA PR S &
A B CKARFEAN, oAb B it A —
CF Kb A S o fife A B AR T HoA 3 A 4b 3, —2 1
AR S AL EC AR, B T AR R A
TPl SR, OM, MR =MbY 34 HLFR &
WL T CFARHE, # T HIEn ek
2.5 KHEAMIRIE TEEK pH

AL BRI DA 5 pH 255 AN 3. iR 1
WILRAY pH 3T 5.0, 285 12 AF R AR KK Ag
FIAES , #5aae/ NX Y IR PERE A s, B pH 3
HE A% 6.0 (K 5). BHIAHUIE. LIE. ALK
Jiti i, S RE At IR TR Ak , (HHS Rk B K
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Fig. 4 Soil organic matter contents under different treatments
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Fig. 5 Soil pH values under different treatments

pH BARS MG E I Y s, S AL
R Ak 5 o AR 0, B AR D e 1 49 g
F AN | SRS FT AN = 8 B AT AL BN
mAHLEN, Hik, BEE SRR ZE L,
FE5 5 2 ik H A ML B R A5 2 3% i SRR A L
HE i
2.6 KHEAMRIEHKTETE

by T 1A B O AN [ it A Ak P X ARG A K Y R
M), X3 R ARG /N XA A K R e R E AT T oA
Fed, BB /INK KRR AR P ) R BT Rt g, X
5 BSOS IR0 M AR A o G 14
fR L AR . BRI S B IRAE T, BRI A A
A P A RO A i P > TR AR AR K TR R, BT
K B T RE(E 6). S5 &/ NXKR™ i Y
TSI, R BUAE 12 AR AR E AR
OM Ab B /K Ry 4 24 55 T CF Ab3; SR A B 7K

Feir=m WIZERT 4 KT CF b3, (HFEZ )5 JLAR= &=
W TIEE, H2FT OM &HE; 1ff MR ZbFEfY =
o U)K R T CF AR B, B0 % S SR IE A e v A 5
RRVTRAF 4 A MBS I, KA TR 7 H 1
IR, R EOE =98 AR LRI R RETE KA
A RIABE 73 W, PR K R AL Y - 357 -
FE, MRARBER RSN T CF AbH, (H™ %
MAGEE . Hr, 2012 FE& 4 BUKRE ™ 6348 T
BU—4F, XNLZS 2011 AF KRNI IR 1Y - 4
A R TR —AF B OC , Ul B b M A
R BRI /N KRR = ) f /NIRRT
SIXEAR (2010 4E)HH L, HHESRI> & B 5K
PR T R XA AR B MR O S KR
BEAT AR AT, R BT A Ak BHK A 7 15 e
R B R R R R R ARG, Ak K R
5+ A R RS, HKR ™ 5 i

&
é\

PO =N
SEE

http://soils.issas.ac.cn



278 +

e %55 %

R A B AR DG R O B, B S
TR R (R 3) X —&5 R 5 XA A
IR A R — 2, BRI R R KRS P A
BLWICE, WAL KRS = AT — g R sE ), T4 e
Xof 7K R 7t AR R TR S R R KR it 5 i
56 = 9 AT 3 7K ST RHEK 2R, 70t AR e LA G JE /K R AR
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Table 3  Correlation analysis between soil nutrients and rice yield in
long-term located test

Qb T 2 A R BRAHR EERiING
CK 0.62" 0.71 0.61" 0.24
CF 0.66" 0.35 0.75" -0.11
SR 0.62" 0.17 0.76" -0.59"
oM 0.60" -0.15 0.73" -0.34
MR 0.60" 0.53 0.69" -0.33

{E: *FRTE P<0.05 KFRFMK; **FRTE P<0.01 K
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Fig. 6 Annual rice relative yields in the long-term located test plot
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