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DAAE TR Z2 B BIF 9% 3 8 5 T i AE AR VE R e X 1 4 7
L IR RISCOR ] S R A AR s e, O TR
Vil BE G5 B i A 2 2F R BOBFFE AR R 8 /0, .22
WA, MK BRI 5 TR A8 7 AR R 45 5 it A
FAFTXEY & 50 R M AL T (5% e ]
HERTEA AN [FBE VR i 132 X6 A FE AR b o5 R 255 53 T o
[ BIfERP B IaIRE ] PRI ASSCLL 25 a 52 M B4 (FE )
KWE AR 5o -5, AP FEEAE I 0k
Fe = o, AEAR R B IR 5 WOOR I A K 3855 4
AT, DA RIAEAE R G r3G - SR IR0
S B X ) 2 A B R E R B RS
1 MRSHEE
1.1 IR

AFFERFTAR M LA BB 51 M B DR 7 5 4Rl 36
BBk I S, 0 ML T 5N A Ak B2 B
A (106°39'52" E. 26°29'49" N ) , Hikb®srh Rps (X,
J& WA = RS, AR 1071 m, AEEAR
153 °C, 4EXH RS 1354 h, MXHRE 75.5%, 4
AETCFEW 270 d, 4EFEKER 1100 ~ 1200 mm, 32K
R KRR L, /N UK FSE AR . iz K
W1 LIS T 1994 47 JF f 56 iih 152 it 2 3 A5 |l
1995 4E I 4R B I S Wil o A HHR IR 1R AR +
HIALTETT A pH 6.75. A HLIE 44.5 g kg, &R
1.96 g kg', B fit A 158.9 mg kg!, A W 13.4
mg kg !, A 293.7 mgkg ',
1.2 Rt

ARG BE B 9 2 R 5 4 A4 FRAE A
X4, i KFEEAE (RM) | K-/ NEZRAE
(RWR) . KFE—E4elE (RRR) | 7K — )00
¥/ (RMR) . RMAPHEIA BRI, RNAIEIEY .
AN FRALRE i P UL 1, /N2 R SR 2t e i 2 K
FEZEMN—2F, KRS — SR RE A VAL BNt FH A 24 U .
BERALAR SRR R (5 N 46.0% ) | i BERES
(% P,05 12.0% ) FIEfH (& K0 60.0% ) . 1h2
AR L (40% ) : 4rBEAE (60% ) L5 PR
UGB, B, AP ACAE AR — MR i . ASBIF ST PR

FE ) 5L AP 2016 4F R “Ulifl 1087, 2017 ~ 2020 4EH
“Befl 6017, FIAEZEE N 2.08 x 105 £k hm2, FFiy
KM N TF4E, BAF 6 A4k, 10 AwnlkcE; /b
APl B 187, R T TRE R, G
112.5 kg hm?2, H4FE 11 A AR, 5 A Rl
TSR, “TF e/ e, RHAE 11 APIEFr, 5 H
FIWCE] s SRAE SR “San 581637, KRRk
TRl TREACHIBIEIRH , ) 40 28312
kg hm?, /K% 82.55%, & & & 4.62%, WidE
0.455%, e 3.60%, R 5 R TP A BRER,
RAVEWERKETIAGIELE, REAM AR RRE
fe2ede 2. BT A BRBRACAEEYI AN RMR AbBEAST
HESb, Hpbfe g shis—2.

1 TEEAELIEHAEE (kg hm?)

Table 1 Fertilizer application amounts in different crop rotations

KF KA

Ak Rice Winter crop
Treat t

reatmen N PO, KO N PO, KO
RM 165 82.5 82.5 0 0 0
RWR 165 82.5 82.5 82.5 41.3 41.3
RRR 165 82.5 82.5 82.5 413 413
RMR 0 82.5 82.5 0 0 0

1.3 #H@mXESNE

SR 2016, 2018, 2020 4K A LS 55 Hilk
FIK A RAE S, A/ NX A3 5 pRC Y
SJEARE R TR B4y B gs =, i
B, BAERR O N REFERURERL, FRELEETE, PR 105 C
HEAE T AT 30 min, 80 C MtEfEE, FRE, WET
Wilite ;s SR B RS T RUFERORE SR 5 J5 Bk HL,SO,-
H,0, {HA&, JLIKE R G E R FFFFFRL R & &, 4
BRI R AT RIS B i, AR T
FEREFFRUFFRLER & d o KA 1 LA /N X H ] SE B
WOk = fe it . R RCR A R R RN X o T
2016 4FF1 2020 4F /K FFUSCHR I R FHMEAETE T R
KA 0~20cm 12 EHE, BEREN LHEBRLS . HH
PRI IRS), AT E F T 3R B AL AR pR0 0,
14 HXBHIHE

(1) FaEPEAE%0 (S1) = bR/ F34 7= i

(2) WHEREEEFRE (SYD) = (P-4 —
HEZE ) AZACBRATEA v i 7= i

(3) FEHFAZR (8. BIER) FomisE
(kg hm?) = fEFF T E < FAFR (B, 8%

FRor iR



4 37 p:

. RIAR R A7 XA R A P B AR 2 A F 0%

883

(4) FFRAR (B, SR ) FRomii
(kg hm?) = #FRL T4 < FPRLA (B, #13R)

Kot

(5) FoA (B B1) KR (%) = fhibk
FROWCR/ A (B, ) =
1.5 BRSNS
IR0 B4 % Excel 2010 8 4F #4713 40 38
FIFH SPSS 22 #4748 143 HrFii A2 4347, Origin
2021 HEATHH R 0 b, 2R B EME ST
Duncan $rEW 253617, BEHAKFEEEN P<0.05,
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2.1 KEATRREIRIEA X 7KIE = ERIF N

2016 ~ 2020 A RIEEAE T LK RS - i sh A8k
WE 1R, # A BOKR ™ SAEPRE SR, 4%
A BE 5 AR K AR S HEBIME RN . RWR > RRR >
RM > RMR, {HAMPEZ [0 JC i 2% 25 5 . 4 Ab 3= 5
SI (FeUE PEHEEL, (HMLRII - R e ) KA
RM > RRR > RWR > RMR, =& SYI ( Al {445
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Dynamics of rice interannual yield under different crop
rotation patterns from 2016 to 2020

2016 2017

1
Fig.1

T2 TRE{ELIEXT 2016 ~ 2020 FKIGEH =2/

Table 2 Effects of different crop rotations on average rice yield

from 2016 to 2020

PR e e PEFEHR CIESEE AR v
pire] . . A
Treatment Average yield Stable index Sustainability index

(kg hm?) (SL, %) ( SYL %)
RM 8822+ 1052 a 0.12 0.79
RWR 8980+ 871 a 0.10 0.81
RRR 8844+934 a 0.11 0.78
RMR 8543+723 a 0.08 0.83

VE: RTEIN T £ R 5 MBI ARG T
FR AL R R E (P<005) , FH.

BYARFEE ST RMALEE (% 3) . 5 RM 4bHEA]
to, FRAELIE 3FKBERFFHASEREG T
10.9% ~ 37.0%, LI RWR kb B3 0% &z K, RWR Al
RRR ZbFH5 RM AbHE 25 B3 5 RM AbHEAH L,
3 AR KRR AT & i B E T 63.6% ~ 101.6%,
DL RWR AbFEIEIR K, 5 RM AAFRAHLL, 3 4F/KAH
FEFFF M SRR E T 11.9% ~ 17.6%, H,
RWR #l RRR Zb#i 5 RM AbBH[E] 2557 3%

F3 KIEEKARSUABERESE
Table 3 Contents of N, P and K in different parts of rice
A (%) (%) # (%)
4y nb3 N P K
Year Treatment AT aR A TEFF FPRL THFF KPR
Straw Grain Straw Grain Straw Grain
2016 RM 041+0.03b 0.91+0.01 ¢ 0.05+0.00 ¢ 025+0.03b 1.81+0.13b 031+0.00b
RWR 0.57+0.05a 1.26+0.05a 0.10£0.02a 034+0.01la 2.09+0.04a 034+0.01a
RRR 0.51+0.06a 1.22 +0.06 ab 0.08+0.01b 0.31+0.0la 2.12+0.05a 0.33+£0.01 ab
RMR 0.42+0.05b 1.13+£0.04b 0.09 £0.01 ab 0.31+0.02a 220+0.05a 0.32+0.01 ab
2018 RM 0.71+0.10b 1.25+0.09b 0.03+0.01b 022+0.03a 2.04+0.01b 024+0.03a
RWR 0.96+0.12a 1.52+0.10a 0.08+0.01a 0.22+0.03a 2.37+0.08a 025+0.04a
RRR 0.80 +0.08 ab 1.35+0.11 ab 0.07+0.02a 0.24+0.04 a 2.33+0.08a 025+0.04a
RMR 091 +0.14 ab 1.31+0.03b 0.08+0.01a 0.23+0.08 a 2.04+0.17b 0.26+0.01a
2020 RM 0.59+0.09b 1.32+0.01 ab 0.04+0.02b 0.18+0.03 ¢ 2.53+0.19¢ 0.24+0.00b
RWR 0.82+0.07a 1.36+0.03 a 0.07+0.01a 0.32+0.03a 3.04+0.05a 0.26 £ 0.01 ab
RRR 0.83+0.09a 1.38+0.07a 0.08+0.02a 0.27+0.01 b 2.72 +0.06 bc 0.26+0.01a
RMR 0.57+0.07b 1.25+0.02b 0.04+0.00b 022+0.02b 2.9+ 0.06 ab 0.26 +0.01 ab
ZAEMIE RM 0.57+0.05¢ 1.15+0.04 ¢ 0.04+0.01b 0.21+0.01b 2.13+0.10¢ 0.26+0.02a
RWR 0.78+0.08 a 1.38+0.03 a 0.09+0.01a 0.29+0.02a 2.50+0.03a 0.28+0.02a
RRR 0.71 +£0.07 ab 1.32+0.07 ab 0.08+0.02a 0.27+0.01a 2394+ 0.04b 0.28+0.01a
RMR 0.63 +0.05 be 1.23+£0.02 be 0.07+0.00 a 0.25 +0.04 ab 2.38+0.02b 028+0.01a
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PR 2020 4F RM AbFHFFRE & 7% 2 5 T RMR 4b 3
Ah, 2016 41 2018 4E45 SCVEAL PR/ FEpFF A BRI 5
HIYAFRBER T RM A, 5 RM AL, &
AR TR 3 AF KR AP AT Y AW S ol iR T
7.1% ~20.4% . 19.7% ~37.6%, L) RWR AbFHHiE
K, RWR F1 RRR 4ZbHi 5 RM Ab3fa] 2253 2% 3 4F
B RAE AL BOK R R Y40 5 f 4 RM AR B 5 T
6.0% ~ 8.1%, WMEERARE. &, 5 RMA
PEAHEL, RWR. RRR FI RMR % 4E b 3 15 R [] #2

2.3 KHEARRRAES X3 KIEEE AR B IR R E

MR U7 22 B9 52 1

Bi 2020 4R A E W RMR 2R HEF RM 4k
AR, 2016 41 2018 4EA5HRVEA KRR R R W
HET RM AR (£4) . 5 RMAFEMLL, &5/E
AP 3 AR KRG R AT AR R Y R E W R R = T
15.0% ~ 45.4% F1 3.7% ~ 22.6%, RWR Fl RRR 4t #{
5 RM Ab#) 22 57 3 AR SRR T3 0 2 R
BT 8.0% ~30.2%, L) RWR ZbBRHIIR A,

P KRR AT AR BB B 5 i

x4 FERERRIKEER DB TS RIE NN
Table 4 Effects of different rotation patterns on N, P and K uptake in rice plants

A (kghm?) # (kghm?) A (kg hm?)
A Qb F N P K
Year  Treatment  fifF *PhL Skt AT ¥k Rkt FAT KPR Skt
Straw Grain Total Straw Grain Total Straw Grain Total

2016 RM 27.0+1.7b 79.8+0.5¢ 1059+02c 3.6+03b 21.9+28¢ 255+32c¢ 1189+88b 27.3+0.0bc 148.7+10.8b
RWR 400+36a 1134+46a 153.5+82a 73+12a 30.8+1.0a 38.1+0.7a 146.1+2.6a 305+1.0a 176.6+25a
RRR 369+42a 107.5+53a 1445+24a 58+1.1a 274+12ab 33.2+15b 1525+34a 29.1+12ab 181.6+4.5a
RMR 289+33b 96.1+38b 125.0+57b 6.1+05a 263+19b 324+24b 1500+33a 269+09c 1769+39a

2018 RM 46.6+6.4b 1103+7.7b 1569+133¢ 22+04b 198+24a 220+27a 1340+08b 20.7+29a 1547+£3.5b
RWR 66.8+8.7a 136.0£9.3a 2029+53a 57+0.6a 19.6+2.5a 253+2.8a 1651+£53a 224+34a 187.6+x49a
RRR 573+55ab 1193+9.6b 176.6+7.1b 50+1.1a 209+38a 259+34a 1673+54a 224+33a 189.7+30a
RMR 619+94a 111.9+28b 173.8+7.0b 57+06a 19.8+65a 255+68a 1392+11.3b 22.1+£09a 161.3+109b

2020 RM  39.1£6.0b 1163+0.7a 1552+79b 26=1.1b 155+3.0c 183+43b 166.5+123¢ 212+0.0b 1913+15.1¢
RWR 57.1+£52a 122.5+2.8a 179.6+33a 49+0.8a 283+2.6a 332+19a 2123+£3.8a 229+08a 2352+3.7a
RRR 59.6+6.8a 1223+6.0a 1819+30a 6.0+1.1a 23.6+1.1b 295+14a 1958+44b 23.1+09a 2189+53b
RMR 389+44b 106.7+14b 145.6+55¢c 24+02b 19.1+13c 21.5+1.5b 197.8+43b 21.8+0.7ab 219.6+4.8b

=AEE RM 37.6+32c¢ 101.2+3.1b 137.2+08d 2.8+03b 18.7+1.1¢ 21.6+1.5¢c 139.8+6.8¢c 23.0+14a 1647+70c¢
RWR 546+55a 1240+2.6a 178.7+29a 6.0+0.5a 263+1.7a 322+13a 1745+22a 253+1.7a 199.8+0.6a
RRR 513+48ab 116.4+65a 167.7+3.1b 56+1.1a 240+0.7ab 29.5+0.6ab 171.9+3.0a 249+0.8a 196.8+2.8a
RMR 432+36bc 1049+18b 148.1+2.6¢c 4.7+03a 21.7+32bc 265+3.5b 1623+12b 23.6+0.8a 1859+1.1b

R 2020 45 A8 R i RMR A EET RM
ALBRAR, 2016 -1 2018 AE45FR /R AL BRAK R R I
HYET RM AN (F4) . 5 RM AR, &4
VEAD 3 4 7K RS Rl A1 34l 28 M o I B R
69.7% ~113.9%, AT RICREER T 15.9% ~
40%, H:H#', RWR Fl RRR 4Zb# 5 RM 4b # &) 2 &
W PR BIRSGTR E RS T 22.3% ~ 44.8%,
DL RWR ZbH iR K .

FR 2016 4EAFRLHH 2 W i RMR 2R BRI T RM
ARERAL, 2016 4FF1 2018 445 58 A/E AN BK R E0 I
EYE T RM AN (%4) . 5 RM B, &5
YEAL S 3 AE K R RE AT 3 B R R i i e T
16.1% ~ 24.8%, FFRC-F-YH R MRS T 2.6% ~
10.1%; # R S & F 88 FR S T 129% ~

21.3%, LA RWR AbHEIRER K, 25 1, ANFEF/EL
PREE & T KRR S A1 UL U B 22 Wi i B K R A
PR R, K/NEI S RWR > RRR > RMR >
RM.
2.4 KEARRIZAE T 3t K FE1E Pk S R 45 AR IR WS 3K
B0}

2016, 2018, 2020 —4F RWR Fil RRR At AT
WU SR W% W T RM AL R, RWR. RRR Al
RMR Ab B 7 e Aok e AU R A0 S R WAk R 2 S [ R
T RMAAHE (E2) . 5 RMAEMLL, 34
RWR F1 RRR 4b 3 AN P 4 W e g8 o 8t s 17
22.2% ~30.2%, RWR, RRR F1 RMR 4t 3 AE - 14
WK B AR T 22.3% ~ 44.8% . BRAESE- Wi
MR BFRE T 12.9% ~21.3%, %, &AbPEa K
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Fig2 N, P and K uptake efficiencies of rice plants under
different cropping rotations for 3 years

FEAEAAT B IE R I SRR AR PR [l — e 22 57
{H#aHILA L Z I RWR > RRR > RMR > RM, 7K
eV RE . 25 4 /o AR AR AT X R0 B A ) IR A8
25 KHARREARITLIEFSEEMNFIT
mk 5 PR, 2016 E &AL B FRr  A L
2020 AR —F. 5 RMALFEAH L, RWR il RRR

AbPR N R T AL . AR 2. BEAL.
B . SRS, RMR AbITE B4 2 e
ik SRURT S IO 5 14 ) S8 S AR ARG T A S o A
pH i, HAhF#/ TR EER

2020 45 RM AZLBEAH L, RWR AbHE pH {H 2 &
E T 0327, RMR ALEE pH 3 F#E T 0.29
A, 5 RM AREA L, RWR A1 RMR Ab B4 4
m TSR . 2R AR A A A, S
o, AL R E 37.0% F1 41.1%, 48043 542
151 25.1% F118.6%, Wsf#R T HIHER 24.4% F127.6%,
AR5y L= 54.8% Fl 61.7%. RMR 4b#E5 RM
ACFRAR B, YA BT OR B A R T
58.2% M147.5%, P& EDERICT 25.0%, £l
RWR Fil RRR &b X 4 5845 ML S R B8 5% 00 1 2
WA B FHERT, RMR Ab37E 4R 25 A 2 7 T AL
AEHHR, o —ERERK LR 2Y
# & pH .
26 HEHKFSSEMFIRBESLEFSSEN

XD RIBESHT

M 3 MM T, KRR AR S+
HEopp | SRALE . AR EE (P<0.01) 3R
F (P<0.05) FAHX; RFsEEGES LR
WM, FBFfEsaS HIESR. 2. #
G CGHEY Qe I RTE 0 b S Ry 13y T E A |
Ko MPRARGES LM B AR
e 2 ARG APRIE R i 5 R HLT . B
AR B EADG FPR R S 1A
MU, 2B . Bl SR IR ARG, R
ST E VPSS

SR A B D7 2O KRB AR R o & e 5
FATHATIBR T, G5B (F6) , 2. 26
SRR AR G2 AWM D& Hvm, 24, &

S5 2016 F12020 FELEBELTEFNEE
Table 5 Soil nutrient contents of different treatments in 2016 and 2020

HHLFR 2R B Bl 2 R LGl

7AN

q\fe{:r Trﬁ\ffent pH SOM ™ TK AN AP AK
(gkg') (gkg') (gkeg') (gkg') (mgkg!) (mgkg') (mgkg!)

2016 RM
RWR 6.90 +0.08 ¢
RRR 7.27+£0.01a

2020 RM
RWR 732+037a

RMR 6.71+0.12b

7.03+0.01b 47.57+1.07b 2.63+026a 1.12+0.02b 10.13+0.31b
5443+£225a 245+0.06a 128+0.04a 11.27+046a 13251+38la
52.80+£2.97a 249+0.13a 127+0.13a
RMR 6.70+0.05d 47.80+£390b 2.55+0.14a 1.05+0.06b

7.00+0.24ab 32.40+£289¢ 246+0.07b 0.96+0.05a 12.20+0.53b
44.39+098b 3.17+023a 0.85+0.21a 1527+1.33a 10591+1.47b
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Fig.3 Heat map of correlation between rice plant nutrient content
and soil nutrient content
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Table 6 Direct path coefticients of above ground plant nutrient content and soil nutrient content of rice

FEFF bag
FArFEhR Straw Grain
Nutrient indicator RS e iy Ao B PRt

N Content P Content K Content N Content P Content K Content
pH \ \ \ \ \ \
ZERSIN \ \ \ \ \ \
25 \ —0.4859" \ -0.368" \ \
T -0.306" \ —-0.573" -0.228" \ 0.401"
e 0.790™ 1.191% 0.371" 0.771* 0.735" \
TR 4L \ 0.938" 0.194" 0.287" 0.901* 0.481"
LA \ —-0.497" 0.409™ 0.521" —-0.443* -0.503*
Ak \ —0.385" \ \ \ \
I BUEHFRAEEERRY, VEAHEERAEOLEEE, R EME P<0.01, 7 FIREEMZE P<0.05,
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Effects of Long-term Different Cropping Rotations on Rice Yield,
Nutrient Uptake and Soil Nutrient Contents in Yellow Soil Region

ZUO Qin"?, LIU Yan-ling***, LI Yu***, HUANG Xing-cheng***, ZHANG Ya-rong***,

ZHU Hua-Qing***, YANG Ye-Hua***, XIONG Han***, ZHANG Wen-an***, JIANG Tai-ming**°
(1. College of Agriculture, Guizhou University, Guiyang 550025, China; 2. Institute of Soil and Fertilizer, Guizhou Academy of
Agricultural Sciences, Guiyang 550006, China; 3. Guizhou Farmland Conservation and Agro-Environmental Science Observation and
Experimental Station, Ministry of Agriculture and Rural Affairs, Guiyang 550006, China; 4. National Soil Quality Observation and
Experiment Station, Guiyang 550006, China; 5. Guizhou Academy of Agricultural Sciences, Guiyang 550006, China)

Abstract: [objective] The aims were to investigate the effects of long-term rotation and fertilization on rice yield,
plant nutrient uptake and utilization, and soil nutrient content, so as to provide reference for rational rotation selection
in yellow soil area. [Methods] Based on the 25-year yellow soil (paddy field) long-term located experiments, four crop
rotation patterns were selected: rice monoculture (RM), rice-wheat rotation (RWR), rice-canola rotation (RRR), and
rice-green manure rotation (RMR). The differences in crop yield, plant nitrogen (N), phosphorus (P) and potassium
(K) nutrient uptake and soil nutrients were compared among different crop rotation patterns. [Result] The average rice
yield of different rotations from 2016 to 2020 was RWR > RRR > RM > RMR, but there was no significant difference
among treatments. Compared to RM processing, RWR, RRR and RMR treatments increased the average N, P and K
contents of rice straw and grain by 10.9%-37.0%, 63.6%-101.6%, 11.9%-17.6% and 7.1%-20.4%, 19.7%-37.6%, 6.0%-
8.1%, respectively. The average N, P and K uptake of straw and grain were increased by 15.0%-45.4%, 69.7%-
113.9%, 16.1%-24.8% and 3.7%-22.6%, 15.9%-40%, 2.6%-10.1%, respectively. The total uptake amounts of N, P and
K were increased by 8.0%-30.2%, 22.3%-44.8% and 12.9%-21.3%, respectively. The N, P and K nutrient content,
absorption amount and absorption efficiencies of rice straw and grain in each rotation treatment showed the following
order: RWR > RRR > RMR. Compared with RM treatment, soil organic matter was increased by 37.0%-41.1%, total
N by 1.7%-28.6%, alkali-hydrolyzed N by 24.4%-47.5%, and available P by 2.2%-54.8%. [Conclusion] Under the
current cropping system and fertilization conditions, various cropping rotations could maintain rice yield without
decreasing, increase land productivity per unit area, increase N, P and K uptake of rice plants, and improve soil
fertility.

Key words: Yellow soil; Long-term crop rotation; Rice; Nutrient absorption; Soil nutrient

[ REHE: E¥AH 5]



	1 材料与方法
	1.1 试验地概况
	1.2 试验设计
	1.3 样品采集与测定
	1.4 相关参数计算
	1.5 数据分析

	2 结果与分析
	2.1 长期不同轮作方式对水稻产量的影响
	2.2 长期不同轮作方式对水稻植株氮磷钾养分含量的影响
	2.3 长期不同轮作方式对水稻植株不同部位氮磷钾吸收量的影响
	2.4 长期不同轮作方式对水稻植株氮磷钾肥吸收效率的影响
	2.5 长期不同轮作方式对土壤养分含量的影响
	2.6 植株养分含量和养分吸收量与土壤养分含量的相关分析及通径分析

	3 讨论
	3.1 长期不同轮作方式对水稻产量的影响
	3.2 长期不同轮作方式对土壤养分含量的影响
	3.3 长期不同轮作方式对水稻植株养分吸收利用的影响

	4 结论
	参考文献

