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Bl R, APt AR A9 SR A HLIEXTBEZ (0~15 em) FNEAF)Z (15~30 em) - HE5R 7 75 4 KoK RS )™ i (9
Wi o ZEARFRIA, 5 AT AT EE St 2 A DEAE R BT 1 A PR | A ORI 80 &5 i £E 0~15 em )2, M 0R 55108 32.17%
il 10.96% .30.69% 1 6.56% 131.48% 1 31.74%; 1 15~30 em + 2, B4k 10.72%F1 4.77% .6.72%F1 3.64% .62.69% il
11.40% . HtiATHIUIL Je ACRE ™ S0 4 BE TR R AR T, Pt 28 I 7 i B i 7.98% , 78 S5 AR MU AER 3.90 A>T 23 s, 3t 1F
NEJ 7 i1 7.72% , 78 5 ZR BOAIR 3.20 AN 43 o KRR ™ o 1 L S SR A R bR AP A — R BE O LEAR DG, Hrh 7 v 2 i 5
HLBT AR AR R SC R O R T2 o A2 AL BEZ T A ML A SR A o B 38 (P<0.01 ) SR /KA i O R 12
Zi b AT HUIEFE SR B 2 IR 307 03 5 i R i SRS Pk B33 B AR B2 AN B2 L 38R IR B X /K e
SRS RE MR BB R A b AR SRR

REEIA A HLAL s HHGR0 B BRI 7
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Effects of increasing application of organic fertilizer on subsoil fertility betterment in paddy field

HAN Shang'?, WU Ji'*, ZHANG Xiang-ming'?, HU Peng®, YANG You-bing’, LI Min'?, WANG Hui'?, TANG Shan'?

(1.Soil and Fertilizer Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China; 2.Anhui Provincial Key Laboratory
of Nutrient Recycling, Resources & Environment, Hefei 230031, China; 3.The Agricultural Technology Extension Center of Chaohu City,
Hefei 238000, China )

Abstract: Field trials were conducted to study the effect of soil nutrient contents in topsoil (0~15 em) and subsoil (15~30 c¢m) and rice yield
on the basis of the application of chemical fertilizer adding organic fertilizer. The results showed that the increasing application of cattle
manure and cake fertilizer obviously improved the contents of organic matter, total nitrogen and available phosphorus in soil, with increase by
32.17% and 10.96%, 30.69% and 6.56%, 131.48% and 31.74% in topsoil, while improved by 10.72% and 4.77%, 6.72% and 3.64%,
62.69% and 11.40% in subsoil, respectively compared with the single fertilizer treatment. The treaments of increasing application of organic
fertilizers increased rice yield and inter—annual stability. The yield of the increasing application of cattle manure and cake fertilizer treatments
increased by 7.98% and 7.72%, while the coefficient of variation decreased by 3.90% and 3.20%. There were positive correlations of a certain
extent between the rice yield and the soil nutrient indexes. The correlation coefficients of the yield with soil organic matter, total nitrogen and
available phosphorus in subsoil was higher than those in topsoil. The contents of soil organic matter, total nitrogen and available phosphorus
presented extremely significant( P<0.01) correlations with rice yield stability in topsoil and subsoil. In summary, increasing application of
organic fertilizer had good effects on soil nutrient contents, rice yield and its stability. The emphasis of fertility betterment should be put on
subsoil in production because the nutrient contents in topsoil and subsoil both could present an appreciable effect on rice yield and its stability.

Keywords: organic fertilizer; soil nutrient; topsoil; subsoil; yield
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KRR E R EEWREEDZ—,2015 44
B A0 R BRN ™ B AR T EOK, AR B VEY SR Rl f
FHALE P B Y 26.66%F1 33.519%", [ & A5 H
(A 311, 1996 AEFRE KR 5™ Clad 6 211.5 kg-hm?,
% 2015 4Fik 6 892.5 kg-hm2, B/~ %y 10.96%2, 1
PRI H BRI R 5T, g2 PRk
FEkS = e R ER B2 R, KR 5
IR SUAN A BENE oK P TR DG, T BREA 7 1
HE LR AT AR T 7K B i = i, 2
VEYI =P R B AR UETS, IEAER K AR 667 m?
JEHEIAE 700 kg A7 AT ) PR B, {H E
PEEAR . SRR bR 132 SR A0 7 AR AR
SAREFRZE 2058, 1IN T PROURAR SRR &R
FESETHREH SN0 T AR BB it A AR
AR A IR ECE A VUIERBEA, RT3 RS
JEE-10T S - A HLEE AR - HEAE S KR (5T
HIATE S Ak A2 P Iy i T K T
PR HFCER ST 5% B v A8 X 3R 2 110 5 17
XF A HEE A2 A B N A R e DA ™, )2
BAERHEZZ T, A2 - 30 7 0 el XA e
KB BRI A b ) 2 UK A, AR 1A AT
JEAHUIERG Rt 0T IR SRR R o
FKFE = 5 2 AT, DU R ate— 25 W58 b b g
PETHFEY) 7 R SRR A AR
1.1 RIEHER

I T 2012 4E 5 H % 2016 4E 10 /], 1EL8E
BLIEATT P IS 7 o 3R DX A 2 g FH R K]
R, BB HEONKAE L RIS T iR T AR R
JER 15 em, FEARIEME T L2 1. KA S RP R
PO 343, B AR, BB N 25 J77C-hm?,

1 Ml T HEEAREL SR

Table 1 Physical and chemical properties of the soil

= AL/ R PSS T

+JZ/em pH -1 -1 -1 -1
g-kg g-kg mg-kg mg-kg

0~15 6.81 36.39 1.86 18.32 146.26
15~30 7.05 21.08 1.18 7.89 111.12

1.2 5t

RIS 4 AMEFR: (1) CK, At AL AR FG HLIE ;
(2) Bt AR e N JE & 210 kg-hm, AJIEE 2 5:3:2;
(3)IEHEEIE N JE & 210 kg-hm, BIEIE % 4:3:3,
it FERE 2250 kg - hm™2; (4) 345642 N JE & 210
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kg hm?, FALZ % 4:3:3,jifi 4% 30 000 kg - hm™2,
AREFR 3 REE, /NXTHF 36 m?, BEALIX 4 HES
ZEAEYPOIR 5 8 1l b AR RS A A /N, B R
/NTF 10 emy AKAEEE ER T LAZINX A B S0 35 40 KL
NE B AR IR AT AU , A T BRI AR B
REE 25 em fidy o £ A0FREEHIIE LR P05 60 kg -
hm?,K,0 90 kg-hm?, RAEEKFE 4 BE AR
it o HAAE PR AE KR AR T IR — 3 N
25 A P it JES R JEL A A R i 22 DR — 35, N P,0s Al
K0 FH43 51124 180,60 kg hm™ i1 75 kg« hm™, fiix
NERE 2 B R PR ZE (& N 46% ), 1+ B R 45 (& P,Os
12%) , EALER (5 K0 60% ) o PRIEF-H155 50 &8 N
5.95% P 0.61% K 1.10%; 2205 T J& i rh & s
PRI & B FR 8, P4 9R 50 & i N 0.35% . P
0.21% K 0.27%.
1.3 MEmMHEE A%

FE 2012 7K A BN it FH AT , 73 )= REBHZ (0~15
em) FLE#FZ (15~30 em) H 88, 7F I AR WE 5T FEAE 1
B SR IR 5 00 2 AR B 3

TEAKFE B, #/N IX SEWOK Rk p i8R . 2016
A 10 JIKFEWCRRES , 43 )2 R 4 0~15 em F1 15~30 cm
L2 AR R E H 2 AL R AR
PRI SRR 5 1

KA AR ETELAGE T E AR R R E(CV )R
TN o AR S R BT LU i [R]— SR ER S RN AE AR -2
B2 AR AR CV B I P R e I

HEARXN :CV=0/Y
Ko WhRIEZE kg-hm™; Y P34 5 kg -hm™,
L4 HEES

F1 Excel 2010 # 17 % 4 0 B A0 Pl & b L, H
SPSS 19.0 #1741 437 o

2 HBRESH

2.1 AEMEELAEN LIEEIRFISESENTN
AN RV AD B AN [R] 4 )22 A HLS R 4 10 =
ML 2, 5 FKFBGRIG AR e R Z (0~
15 em) FEHFZ (15~30 em) H3EAHLFR &5 T
AL PR, For DU - A P A e . SR I
AR, AN IE AR PEAE 2 > 2L & B A —
FREE R R, o 7E A 2RI T K, TR 3 4.39% ; it
FRNEAR PR BT & A B B AR Ak s 38t 2R 2 A e
S PRAERFZ AR 2 A TR AT, 3 TR B2 4051 Ry
33.20% .11.82%F1 12.84% .6.77% ., Hujiti LA H it f
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NEFI3E it A= 2 b PR B2 R i S AR AL
FEAHLE, 20485 T 0.10,0.22 g-kg™ 1 0.67 g-kg™,
WA 5.65% 12.57%F 38.07% ; W22 B3k T
0.07.0.11 g-kg™ F1 0.14 g-kg™, 3415 % 6.08% .9.94%
H1 13.21%; 5 5L Ath - A0 HE , 396 AR RE E 4R T o
5 B AR NE AR PEAR L, Gt I A B A 39 4 G i
1E 2 T2 A —E T, (AXRIRE 8 K 1
Ja AR 20 PR E AT TS AR SR, YR
R RS A — 8T, 30 43 51 R 30.69% Fil
6.72%. % 1, ANHAESE LA USRS/ S EA
R rt ke A Bt AR R Be 4y LA P A A 5 i
ANPEARS s 720t FH AR AR A Stk 338 it A5 AILAE , 384 Pl
RS EERE R Z Y S BT
2.2 AEHEABALIERT 1 35 U AN i R 5 & = Y20
B A AR FRAE 2 A+ )2 3 3 & R 1 B
FFAHIEAPE(FR 3) . AHEALAN B B AL T #HZ

A2 AR i, BRIR A 5R 3] T 26.54%
1 25.58%, HUlta AL T3 R0 R AEA R A A
JEAA — 7 TR REAR, R 43 3R 7.219% 0 3.60% .
Bt A HUAE AL BRI 0T A ol i, Bt A
288 3 it 6 I A B0 ) 4 v 114.78% F1 22.23% , 1E
TR WA RHE S T 56.84%F1 7.39%, [5]— b FR#E
2 AR S R R AR 2.23~3.18 15, AR
SRR LR R S RWE S A
FE, 45 A 306 - SFE AL B % T S AR XTI . ANt
NEALFREEAS TR LI i, BRI 6.53%,
X2 TSR B A WS S ) o Bt A I Ak P
SRR A B SR AR A o A AU A HE I T
BHZ T RS O i, P it A 28 A B R R
FENVARZ , I AE Ak B - 3 5 B 7 5 PRt AR A
AL PRFET 3t A- 2 A AT i R B i T AL
i, iR 10%.

2 EEXM T EEVNRMER SN

Table 2 Effect of fertilizers application on the contents of soil organic matter and total nitrogen

1)z Qb3 HHLi/g kg ML SERE A L/ % 2R /e ke A A R A %

0~15 cm SR A3 36.39 — 1.86 —

CK 35.99+0.73¢ -1.11 1.78+0.03¢ -4.41

AN 36.67+1.45¢ 0.78 1.88+0.07hc 0.99

e 40.69+1.80b 11.82 2.00+0.06b 7.61

it 2F 3¢ 48.47+1.48a 33.20 2.45+0.05a 31.98
15~30 cm JLfi 4 21.08 — 1.18 —

CK 20.15+0.83¢ -4.39 1.12+0.02b -5.32

AN 21.48+1.02be 1.91 1.19+0.04ab 0.43

e 22.51+0.72ab 6.77 1.23£0.09ab 4.09

il 2% 23.790.74a 12.84 1.2620.06a 7.18

T RSV R AR P REROR 22515 0.05 B K. .

R 3 HEREXT T ER IR S 2RI

Table 3 Effect of fertilizers application on the contents of soil available phosphorus and available potassium

+)2 pise AR Wimg kg AR SR - A /% W g kg U R 4 A /%
0~15 cm HEfili 1- 35 18.32 — 146.26 —
CK 13.460.73d -26.54 136.71£10.26¢ -6.53
AN 17.00+0.71¢ -7.21 145.85+18.29¢ -0.28
HEDEE 22.39+1.98h 22.23 166.0727.11b 13.54
Bl 23 39.35+3.73a 11478 185.41+7.88a 26.77
15~30 em Hepth + 48 7.89 — 111.12 —
CK 5.87+0.88¢ -25.58 110.96+5.98b -0.15
A 7.61+0.80b -3.60 114.04+7.32b 2.62
R 8.47+0.63b 7.39 111.63+5.93b 0.46
Bt 3% 12.37+0.60a 56.84 126.30+2.19a 13.66
—336— http://www.aed.org.cn
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2.3 AEERAETKTEEREREENRMm

Tt N A b PR o 2 4 v 1 KR ™ i S AR Pk (3R
4). 5 CKAHEL, B fh A Ah 3 &-4F B (7 3 7= 2 4
28.59%~72.82% , ¥EHEDHIEALFE R 40.01%~82.91%,
HO A= 20T 37.89%~83.16% , 5 Bt AL I b FEAH
LE, 338 it 2R 2 B NE b B 45 4F BE 34— i3 24
Ho o AR 2R B 2012—2015 4F [0 7R R 8
KB T WA 38720 7.23%~17.35% ; 35 L
REFEAE 2012 .2014 F1 2015 4FE (3 P38 R 3] 7 3
K-, TE 2013 AE PR —E R TE, W TR
4.48% ;2016 4 &t I AL B ™= 5 Fe AT . CK ARFREY
IKFE AR b B S A R T A BRI 3, 2015
AR i HAA 2012 4R Y 71.05% ,2016 4F L H A
77.47%; TENE A AL BRI 7= 5 Bk 2015 AR AAAHXHIRAR,
AERE ) JCHH AR A . 2015 AR PR R A X AR AT BE
HEFFEMRERA G, 586 5 & aiuikE,
5 CK AR, i BT RS 7 e i 48 T+ B2 Ry 53.51%~
65.77% , 25 T ZRNEAR 4.57~8.47 AN 4y 5. Hoiish
SRR A A 7 3 AR B 710 640 kg -hm™ Al
10 614 kg-hm=, ¥ #3110 500 kg -hm2, —F ;=&
ToH B 255 . 5t AR AL AR EL , 3 it A 2E AR
AL BRI 7 7.98% K0 7.72% ., a1 it 4= ZE ADEAE
LR R A S5 Z B TE 6% UL, B BAR T 2t AL AR 0
AHEAEARFE

24 TENFERSKEFEMERES T

ANFIREE 12 R A LT A A A5 e
B R FK R e B AH DG T 25 R I 5. BRIRE ,
KA AR )2 B ISR G R R
B IEARDE , #5543 0 (R e 3 2 1 25 (P<0.05) sl
F(P<0.01) Y IEAHDC . B2 Bk A7 1 R0 - 33845 5%
i B IEAR DG, A LS A R e A
BFEo SRR A 2 (P<0.01) IEAH G . WHFZ K
IKFE i A LTS ARG e, iR E TR
2 (P<0.01) 7K 5 5 450 A 80k & i i AH G Pkt 1y
KB EIKE s Br TR AN, 5 AL A
FE RO & ARG R U4 THEHE X R AR bR 25 |
FIiR , BREUSCER b, KRS e S HA - SR A
AHOCHEAE R 2 0 e — 2 s A ML A R 5
A 3 5% O B R AEREE RO HE 2 35 A 8 3 (P<
0.01)IEAHK

i — 20 X KA 7 i AR S R BN A5 5% 40 % i A
KMEHAT T (3R 6), 45 3R, A2 7 REAUAIA 1
E A GRS EREN A, ERZ,
PR AR S ARG A L R AR RO
PPN E (P<O.0O) A, AEWHHZ, - mAE T R
B A ML 4 R R RO A R (P<
0.01) A, ULBHBHZ A IR & X KR ™ mfe e
PRI AT A 2 R 5 WA - A LT R K AR

&4 HEIEXKFEFERETRAMMZ M

Table 4 Effect of fertilizers application on rice yield and coefficient of variation

KA kg - hm™

i 2012 4 2013 4F 2014 4¢ 2015 4F 2016 4F 5 4Ry TREBI%

CK 7870¢ 6384c¢ 6151c 5592¢ 6097h 6419b 13.41a
AR 10 120b 9801b 10 430b 8381h 10 537a 9854a 8.85b
Bty 11 019a 10 240ab 11 251a 9776a 10 785a 10 614a 5.65¢
By i e e 10 852a 10 514a 11 266a 9835a 10 734a 10 640a 4.95¢

x5 tERSEESKBETEMNEXG
Table 5 The correlation between soil nutrient contents and rice yield
0~15 ¢cm 15~30 ¢cm
LB
Y X1 X2 X3 X4 Y X1 X2 X3 X4
Y 1.000 1.000

X1 0.618* 1.000 0.781%* 1.000
X2 0.620* 0.939%* 1.000 0.659* 0.865%* 1.000
X3 0.641* 0.970%* 0.984%* 1.000 0.704* 0.896%* 0.765%* 1.000
X4 0.590* 0.826%* 0.689* 0.714%* 1.000 0.301 0.638%* 0.615% 0.818%* 1.000

TE:Y Ry 5 ZRAR T4 i X T A HLBT S i, X2 i, X3 A R &, X4 Dy Ui &k 5+ 30K P<0.05, %% 3R P<0.01. I,

http://www.aed.org.cn
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®6 TEFSESESKBEEFETRRAMPBEXE
Table 6 The correlation between soil nutrient contents and

coefficient of variance of rice yield

R
BG4
0~15 cm 15~30 cm
X1 —0.762%* —0.807%#%*
X2 —0.773%* —0.7207%*
X3 —0.772%* —0.7933%:
X4 —0.724%* -0.458

AR AR S 1 B R B R  R, eA ROEA 2

TEIRZ .
3 it

HEH SRR A 77 i SEA RN B E B () A P R,
(AR R R 00 A 7 0y A LAE Rk by 3 BV ERS
it 2 e 2 AR TR BRAPE R AR 45 5 SO
A SEIE T TR AR S A AT IR,
P B BT 78 XS8R A AF 667 m? 7= i % AE7E 600~
650 kg, (H R IAERT , HZ R HA 15 em, T/EY)
228 Nl S N B 1 1 a7 S B e e
BEZR Anfar s NS B2 8 i 2 B2 ) —3
g1, SEIEIRAZ M i B Ak SRR bt
FEHL R AR BL, 5 AL IEAR E , B tA AL RE
AT bR N2 -3, ARGt 2E ], -5 L
JoT AR AR A AN O i T 10.72% |
6.72% .62.69%#1 10.75%., HiREJ5 R HEZ 1385550
AR A 5 2 | 5 Bt A MR A BRI 2 0 5% 0 22 R 0 —
N, B ARSI AE HLAE , Bkt g % 2 Rk
2Tt

HHZ B BIER S LA PR K& IR ITR W
P YA R NETR B - A T SR e hn g
AR, KA 200, A HLIE R TCHLIE R
At AT LB I s SR ARG, R IR SR
F 8RR KIENAR:, #F5e1s AL AR A HLAE K
HAWCA Tt A DL R 3 0~7.5.7.5~15 em Fil 15~30
em 1JZ FEEANLT G, AT )2
AP A WA R, SRR BRI
At FH LG AT ALIE 2 2 {2 i2F 0~20 cm F1 20~40 cm
)2 AR R R AE R RGN, TR B0 B 12
TR B SIS o AHIFSE & B, 76 it FH A HE A Sl
b Bt AR 2E G DRIE AN e B B AR T E)Z AL
FURA R & 5 N Z AU 2R/ S A BT
PEFRCR . b BIEA VLR S a2 (0~15 cm) 1
—338—

PEFHIRRE AT TR 33.20% 11.82% , 4 A 42 THIE B 3
Sk 31.98% . 7.61% ; 1€ W42 (15~30 cm) 4351 Ky
12.84% .6.77%H1 7.18% .4.09% ., T & 5E5 4F- St AL e
Ja A MR A2 A & HAE 0~15 em 1 15~30 em 1
YA B R . PR AR AR A RO N R A A
A LB LAt 3307 12 2 R ok 4 30 DG ML U ) 4%
AR T L5 C/N e, ik 7 48 rh s A L 1 4
F B A AU AR B A R U R MLk, £k
REFNAE HLAE A it FH B 4398 178 ML & Sl -k
VRN BE AR AE A 2] B 8 10 ™,

PRLT ARG B, JEIe Ui fL IR IS LI
LI TRC it 8 T L6502 - 3 Akl ok
SRR 5 B AL A AR e, AR B LA B e X 1 35
SR AR B T A5 SR o S, XoF 38 A5 ) 5 M AL X
BN ATFGEA R, it IEIF A RS & 1
S A TG A ALIE S R T A R
B, BRI R BER S T 22.23%~114.78% F
7.39%~56.84% , FL v 14 it 2 2 4b PR T30 AR 5 B
o BRiE AR AL ) 1 O S A2 A2
A A S AR AL A HLAC IH S 0 1 A2 e A
i, WEIRAE 13.54%~26.77% , ¥4 i A4 20 A2 1+
UK AT BB AR T A 2 s I X 4%
7 A5 RN O Y B TSR G Bt A A ) 2
DR ] R 2 DR Sy B it A Y = e el 16 o - g sk
A3 R R IR SR B it FH A PR F2 R i
s TR AR R IR A, At
FHBE O] LA in 1= 45 52 vl 1 SUnT A4+ - 398 i 1
TCHLFRHER BB 1P, ZREKFE , AL A L,
HEEL 5 AR AL BR TR Z A SO T R 1.32
mg kg™, BEIRIAT.21%51 , -G LT | 4 U RCA
R E I Z A B TR SR fh2A e
LG PR P, B AR IO — B ] DAGERE £
Ko

YEW 7 i HIE TR LR A R e, 2 TR AR
() — AT EFEAR, ABETE Bt AL B AN BESE 5 22
KRG 667 m* -3y 5k F] 657 kgo WM £ELRIIEK
e v P O T Bt 3 7 5 P i e R R e -
NE 1K AN IR S TR T 1™, 35 2K R
FREER =A™= 1 B RAI R MR H Y. thtk
B, A HLTCHLECE A REG MV EY S R = ™
PR PER . A AT , S AR ATAE L, 3 it
HHUIEJG KRG = i sE 5 B9 R 3 e,
rh i A 2 A PR E- Y IR R 7.98% , K it I IE A

http://www.aed.org.cn



g b, S5 AT HLAE XA A L B AL

2018 £ 7 B

7.72%, T£ 2015 4E /KR R BRI BL T, 347t
AL A3 7 3R B 5 o [RIE, 3 it A AL IE Ak 2
Eﬁfﬁaﬁagéiﬂaiﬁ@{tﬂﬂﬂﬁ 8.85% T [ %] 6% LA
Ul B3 A BT S5 7K e A ) P R PR 1
ﬂﬂo H it A AU AE B = K e 2 1 [ A Xﬂ‘ %#F'%HEE
2 LA PLT R AR R HA
BOFRRFROR . MOCIHT R, 7J<%“'F£E§KI§H:
J2 TSR N AR AR S R
FREE B IEAROC , Hoh S PLR 2R A2
PIAR G R BN = TR R N T8 hn . [RIEF, B2 A0
J2 RGP AR SO0 i YA R 2 5 e KR
PrRRENE . BRI R, BRBEE LA AR
ST ATARBEXT AT it S AR P AT B
A7 F RS R A T IR I, AN
FTFHEZ , EEE AT WAHE LR E .

4 Hig

(1)5 4E Y388 45 2 B, 786 PRt FH AL IE it 3
filh b 1 it A 3% i 3 F IR X4 RE BH S HR T BEZ (0~15
em) FNEHFZ (15~30 cm) H3EA PR 4R FIA S0k
.

(2) 5 BTt AL AR A HE , 3t A MR 3R T7J($‘T’Jt
T N HAREE, it AR 2% 5 e i 7.98% , A%

57 R BURRAR 3.90 ASH 40 s B9 PF AR J5 7 3G
7.72% , 7% 5 ZBHAIK 3.20 S H 53 14
SE k-
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