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Impacts of long — term double — cropping rice — rape rotation on soil fertility quality
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Abstract: In order to understand the impacts of long — term double — rice cropping rotation on soil fertility quality, we selected adja-
cent paddy soils with more than 30 a double — cropping rice — rape ( DRR) rotation, and double — cropping rice — fallow (DRF) rota-
tion, DRF as a control in southern Hunan Province. We analyzed differences of soil pH, organic matter, nutrient content, and fertili-
ty quality among soil layers, or in rhizosphere and bulk soils between the two systems. Results showed that, compared with DRF, the
content of soil organic matter, available Ca and Mg significantly decreased by 9% —11% , 10% -33% , and 14% -42% in DRR,
respectively, while the content of total P, available P, Cu and Zn increased by 14% -56% , 21% -46% , 20% -36% , and 7%
-36% , respectively. Principal component — cluster analysis showed that the quality grade of soil fertility in DRR ( I - Il ) was re-
markably higher than that in DRF (Il - VI), indicating long — term DRR rotation would be good for enhancing paddy soil nutrient a-
vailability as well as improving soil fertility quality. However, it would be necessary to add organic fertilizer and lime appropriately to
offsetting the reduction of soil organic matter and Ca and Mg availability in the long — term DRR rotation system.

Key words: paddy — upland rotation; rhizosphere; nutrient availability; principal component — cluster analysis; paddy soil
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TS FE L7 T30 B 24 W R R T 22 ELE 11 S AR (26°79'N, 113°19'E) , J@ilisef g™ X ; #o
Mo T2 L kb B SR A S T, WK 75 ~ 100 m, % X R W AGH WRE 22 KU, AREARIRLT. T C
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Fig. 1 Soil pH and organic matter contents among different soil layers, or in rhizosphere and bulk soils under

rice — rice — rape and rice — rice — fallow rotation systems
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Fig.2 TN, TP, TK, AN, AP, and AK contents among different soil layers, or in rhizosphere and bulk soils under

rice — rice — rape and rice — rice — fallow rotation systems
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Fig. 3 Middle and micro nutrients contents among different soil layers, or in rhizosphere and bulk soils under

rice — rice — rape and rice — rice — fallow rotation systems
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Table 1  Characteristic value, contribution rate, and cumulative contribution rate

VIUEHFE{E Initial eigenvalue

B S — , :
A o FHIEAE it FE Jr 22 RSBy 22
Rotation system Principal component
Characteristic value/\ Variance explained/ % Cumulative variance explained/%
o 1 9.226 66 66
& — e -3
2 2.774 20 86
Rice - rice — rape
3 1.614 12 97
w-f- 1 10. 659 76 76

Rice - rice — fallow 2 2.535 18 94
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Table 2 The principal component vectors between all the indexes
& - #% — I Rice - rice - rape R - 8 - I Rice — rice — fallow
JE#5 Index
1 2 3 1 2
pH -0.318 -0.103 0.115 -0.294 0.039
FHEF ML Soil organic matter 0.316 0. 090 0.182 0.302 0. 055
4%, Total N 0.318 0. 042 0. 159 0.303 0.037
4> Total P 0.241 0.118 -0.514 0.212 -0.437
4 Total K -0.255 0.337 -0.110 0.010 0.623
WA Available N 0.315 -0.065 0.201 0.302 0. 098
AR Available P 0.242 -0.344 0.267 0.286 0. 056
LA Available K 0.292 -0.274 0.039 0.293 0.082
BRSES Available Ca -0.276 0.113 0.399 -0.297 0.102
HRLASEE Available Mg -0.200 0.239 0.538 -0.267 0. 266
AR Available Fe 0.272 0.321 0.138 0.281 0.216
AT Available Mn -0.086 —-0. 546 0. 154 -0.139 0. 448
A4 Available Cu 0.189 0.414 0. 121 0.287 0.215
BRSEE Available Zn 0.314 0. 105 0. 180 0.294 0. 143
x3 ERSEER
Table 3  Composite scores of the principal components
B i B R Fr 1 FRigr2 a1y Heryp
Rotation system Source of soil Component 1 Component 2 Composite score Order
0~5 cm -0.237 0. 595 0.358
5~10 c¢m -0.122 -0. 154 -0.276 4
T — 8 -
Rice — rice — rape 10 ~20 c¢cm -1.217 —-1.064 -2.281 5
JirdaN 1. 564 -0.760 0. 805 2
FEARER 0.012 1.383 1.395 1
0~5 cm 0. 335 -1.352 -1.017 4
5~10 c¢m 0.313 1.103 1.417 2
i - A8 - N
Mo i 10 ~ 20 em ~1.663 0.313 ~1.350 5
R PR 1.012 0. 621 1.634 1
FEARER 0. 001 -0.686 -0.684 3
O . LR fom
NR-Y
5-10F = }—
R-F
0-5Y
R-Y
5-10Y :’—
NR-F
0-5F
10-20Y
10-20F

TE: NR, R, Y I F R ARAARER . ARFR. 78 - F8 - A0S - 8 - IR

Note: NR, R, Y, and F indicate non — rhizosphere, rhizosphere, rice —rice — rape, and rice —rice — fallow, respectively.

B4 REWEE

Fig. 4 Arborescence of cluster analysis
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i, JREATRERARNSE (FIESIE, i B3R ), sk BEE I, S -5k 2 A Bl
Wi A EOREGE, SR - RAREANLL, RS - MR T BIEANUR S B A SRR, RN RSk
MR A LT S m A L . WA, R - e R KPR, HEEHURSRFEE T 23% ",
AT, BRE - ARG - WESHE, KINRE - R - R E AU S B T T 9% ~11% , JRINTTHER 3 O
TE: —s2f - — AR HIEAPLE S E AL (K1), HHORETHRRA VLR A FTREEL; — 27
KRG - FF — oK BRI R, AR TR AR . TSR AR B AR 1R in 2 4 e MLk 9 5 1L 45
SR TR - B - RS EHRRRARDS, LR AR T, AR TANURRAAMR; =R
B P RERE . 02 A AR R T I A R AN TR R, OB b SBEA W RA HLTE R A3 A A e
ABIFSE 5 v A LR 2 K] A A 6 PR I SE R A T SR IR R B0 J2, 3 A 7 i 3 b 3 43
(IFSFF. MAA) PR, HSAYURIAE MR BT RIER - R E B R T 1
BHHUT, WBERG - WA = p D ELE b A MU A (WA HUIE . REFFIE ), ¥R4h £
WA, DR - fF - A e R nTRege A

FHR R, AKEBIALRSEE, —Mn] DU R B 5 = i 38 o i, DUA O & i 2 = o o B
. R - INEeAE, RS- WEerE LI TP, AP SRR T 14% ~40% F131% ~106% ; ik 10 a ()&
PRI R, ARG - N, RS - TEERIE TP S EER AR, H AP FEHEE —FF; BRI -
AP SR FTHERS T ARBETER, B - R - IR, R - R - IR L TP AP SRR
T 14% ~56% 1 21% ~46% . M2t A AVRS FFI8 AR 38 i 7 &40 A0 3w A, RIS ARG - A8 — vhde
VE S SR AR, (RHE T HIE0 A - BRI . AR AR AN, IR B SR A PR
PR AL “Birch 087, TATRESEIN TG VERE (140 MBP) &k, pHIHRTF T 408 AP S8 2K
Hi, AKEARSE, 3 TK FAK &EW/MRERS T 5% . 6%, HHERrhRc R e E Kb
(EFRICE . ABER T, S5 - - W, # - f8 - e rE LIRAARES Cay Mg S BIREAL T 10%
~33% M 14% ~42% 5 JRFPREA 3 i : —BOmseis th Ca, Mgy R iseakss . BI#F & ma % +
HIEBT (W Ca, Mg) #RE'; =JRAMHAT - A% - WRLE M) 00 3R EE, RS - A% - WsetE T
MR AN, FIEAI SRR IR R, KRR G, 3 pH TR (K1), nags|
i A Ca. Mg WEFfRE S TR0,

TSy - RIS HT R IR T B VA R B RS AR O ) STk T — M S e . B
Vel FRE A 52072 ARBFgE b, R - R - IRRS - RS - PRAEVE R TR B R (1. 2) A
AN, R BROK S [FIEFE R T R ) i B R R R R . R - R - e e R AR ) o 55
Yo THE - F8 - INGeAE, TRETE TS - A8 —TmAerE T, HIEEE R AR LR (W Cuy Zn) RTG53
585 URAh, AKFERIHISE 2 FiPEY A L3 TP ) 3R AR R, Js A B — KR b R R T R R, A )
F RSP AR RERTE . R - A - MR PR L ) T 5 g v TR PR 0%, Wl RE
5 -8 - WARBR HIEARES T TR (Feo Cu) (RTHEMRER 1A G, A - 58 - e EpHE
T (58 -F - WML, KRERRTREEA B . 3R WO aE r, o mr LR/ i B o 2
R - B A B T3 KR B AR R AR Y S R R, RS - - R, K
i — i — AR KRR A Y38 7= 6. 3%

4 4 #
(1) WRGHLK , BeRE — A8 - B, KIOIRG - B8 — WAC1E T H A MR & it Pt Ie 2 Ca Mg IOA AL
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