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Ecological analysis on crop rotation systems of paddy field
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Abstract: At present, environment of cultivated land has been influenced unfavorably by single continuous cropping in paddy ,
field. In the field experiment of five years in this paper, ecological analysis based on paddy-field rotate system and continuous
cropping was studied in the view of soil physical and chemical characteristics, crop output variety, occurring and developing rule
of plant diseases and insect pests of farmland, power-flow and state of equilibrium nutrient. The results show that, compare with
single continuous cropping, firstly, paddy-field rotate system has improved soil physical and chemical characteristics apparently.
Secondly, yield of the rotate system was increased . Moreover, the overall initiative productivity, light energy using rate and
assistant energy using rate was increased by 17.47% , 9.87% , 5.0% respectively. Nutrient using rate of N, P, K was also
improved in the rotate system. Thereby, optimizing pattern and complex cultivating pattern have been suggested about rational crop

rotation .
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AT AT F T RE AP SRS E R R R Rx R, AR SCE T Sa B FEALRK, RS H R KRG
FFAE AR AT, R0 0 BB R R B O RE B S0 1E R GE AN B 244 ARl 254 R B TR A A AR =X, AT O AR e
RBBRHEELALBRERE.
1 #EEFE
1.1 KRRt

R TF 1998 L F 2003 ERAEN TR KF X B KBH#AT, RBAHS DY NE(E=E)- BB
AR, RBIR 4 MEE,EH 4K IR AT, PREFN 33.35m”, RBIFIHRHE 1,

#1 BEREHREET
Table 1 Design of experiment in crop rotation systems of paddy fleld

BIEE B2HFE HIFE HiFE BSHEE
hE KRB 1998 4F 4 2 1999 4ERK 1999 4E 4 F 2000 4F Rk 2000 FF A F 2001 £k 2001 A ZE 2002 F K 2002 4 F 2003 F K
The first year from The second year from The third year from The fourth year from The fifth year from
Treatments  Code the winter of 1998 to the winter of 1999 to the winter of 2000 to the winter of 2001 to the winter of 2002 to
the autumn of 1999 the autumn of 2000 the autumn of 2001 the autumn of 2002 the autumn of 2003
i A REZEDQ-EBOH %zX0O-BEBO-M EzsXO-EROM RZEAD-RHOM EZRO-EHBO-MB
Bo =10 B {0y @
ik | B RZED-EBO-E ZzXDO-REX® %#ZHOQ-BREXQG E-EO-EHBOM REZRO-EX0 |
*® BMED EX® EX | BAED® AE® - BB
EZED-EXOK HEZHEOQ-BEXRO EzHOD-AHEO-E EZEO-EZXE |
w2 ¢ me EXO *0 * 5O -BED RERD- RO
FEXDQIKOE REXOEHOE RAXOIKOM FoXOEXOI powe_mmo-
®E3 D AB@®-EXG® I X
*® *® B@® 5@ L 1oy

“." 32 7R 2 Means continuous cropping; " || " 72 77 (8] # Means intercropping; @ % % # ( Chinese milk vetch) ; @5 #§ (first cropping rice) ; @ H* £
(mono-cropping rice) ; @ M F5 (second cropping rice) ; @ 8 F % (first cropping comn); @ E X (corn) ; @ B % L (ryegrass) ; @ X 3 (soybean) ; @ K &
(second cropping soybean)

1.2 WMEBBELETE
1.2.1 HEBEAEROUE RHOITRAFRLREIHTE,
1.2.2 HEERFHEANBEIAEEAHBATNEMNBE RHESRANEERRASTHBESE XS
HXRFSESHE RS AIMEN KA Logistic A", HEBFHERWMT
Y = K, /(14 &)

YARBESRENGBEET L ™) ; X ARHESREAMERBA (- ™) r AMEBE R ETEE
BEHMTEAR K, AEREBRANSESRRXONICHEN R TRBEASRAARBLIANBERRKER
FEHJ ™) C NS E R

HEES AR YRR AWM EEIE 0~ | HEAMERERAKFERHEEASRASEBHEATER,
EP YRR A MY EEI=1 B, ARBER A ™1 MEP STV HRERA ™) AEP BRI R BEIERHESERA
TEEIA TR MR A MY EEI =087, AFRRER 4™ /1 MEP = 0(BUEU{H 0.005) , 3R R REE A H B AT E
B LBR. MEP.AEP F1 EEI KRR :

MEP = K, »r+ e /(1 + e““);AEP = (y-y")/x; EEI = MEP/AEP

X,y BEREEAHYERRANELATREEMEE=H(J m™), EELHEERRFERMNE
ML ARESERRERER, KB APREERAT 1, THREA ™ BB A RN, 4 EEI=1,H
MEP = AEP WSR T BR; EEI=0,B) MEP =00 , 3R EIR BV EB MR A NHCHE S ERALE,

1.3 ¥R

¥ A DPS i it /34734 , Al Duncan i E R EEHTEE . HTREHOF -k, FRARZRL

BRLTDEER  FRARNRTRAEDEERER (p<0.05),
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2 BRE5HW
2.1 HEEAHR
2.1.1 AR AR2FNH (1) LBWEE N 1999 £F 2003 £, L4 8 +HEAESKHE THEBE, Bk 6
REETHRIBER, HHP4HEATHT 4.1%,B FTHT 5.83%,C FHET 5.79%,D 5 4.88%., (2) LA
BN 1999 4E 8 2003 F , SR A LERAREHE LA BE, KPP AKN3.96%,BH4.79% ,CH 5.12%,D
H4.86%. B)LEEFILEE N 1999 £F 2003 F , LA H LR EFILREHIEAE L7, HP AN 1.39%,
B#0.92%,C 5 0.46%,D K5 1.17%, (4)TRIEEF LB M 1999 4 F 2003 F, F 4B+ EIEBE LW
B BB EF S, B 2003 4ERK, A K 1999 K 1.87 45,B K 2.04 £5,C 4 3.20 f%,D N 2.84 1%,
%2 FELEHWWBERHTL
Table 2 Variations in soil physical characteristics under different treatments

LERS B LB [A] BE(gor’) BILMBE(%) BEILRBE(%) FBELRE(%) ZH L WL E
Treatment code  Sampling time Bulk gravity Total porosity Capillary porosity Noncapillary porosity ~ Three-phase ratio Gas/liquid ratio

A 1999-04 1.22b 52.52¢ 50.94a 1.58e 1:1.07:0.03 0.031d
2003-10 1.17e 54.60ab 51.65a 2.95¢ 1:1.14:0.06 0.057¢
B 1999-04 1.20d 53.36bc 51.33a 2.02d 1:1.10:0.04 0.039d
2003-10 1.13g 55.92a 51.80a 4.12a 1:1.17:0.09 0.079a !
c 1999-04 1.21c 53.27be 52.14a 1.13f 1:1.12:0.02 0.021e ‘
2003-09 1.14f 56.00a 52.38a 3.62b 1:1.19:0.08 0.069b ;
D 1999-04 1.23a 52.4l¢ 51.35a 1.06f 1:1.08:0.02 0.021e 5
2003-10 1.17e 54.96ab 51.95a 3.0le 1:1.15:0.07 0.057¢

2.1.2 HHUEEEMOR TR 3B (1) AR 1999 48] 2003 4, 40T+ MANURH D AR,
B2 1999 4£,2003 4F A BN T 10.7%,B¥EM T 17.61% ,CHINT 31%,D WM T 8.36% . HHEF| i FF ‘
HWIRHA C>B>A>D, (2) LA N.P.K, N 1999 4 5] 2003 5, LIFEFH N.P.K F &, RieWHFHEL X,
BEREBAE R AERE MM ES, BERLHEEEREER. BZ 1999 4, F % N 2003 £ A #m
T 8.67,BHMT 12.37%,C NN T 18.16% ,D XA T 13.03% ;5 %L P 2003 &£ A H§ /N T 43.08% ,B ¥ fn 1
50.07%,CHEfM T 62.38% ,D BN T 48.56% ;B 3 K 2003 £ A BEANT 20.1%,B K/ T 38.6%,C Kl
80.3% ,D BT 22.23% ., HHLFE,B.C.D EH TE/E A HHEFRFKKHA C>B>D> A, (3) -1 pH
B, 1999 £E % 2003 F , B0 L1 pH EHNAE L F#BH . EEELEHFEBRLEREY, #5 L 8E—1
EERMER TR WA - ERE LBLUNE L EEENE, B> FEREETABRL, EESARE
FREEBIEY A BHE T - MRKTEN R RLE, FH L REEERRHEE, ARHIE T HRERT
fLFn+ 9 EL 4k, 1R R 3% pH {H.

%3 TRLBIMEFURHEL

Table 3 Variations in soil chemical characteristics under different treatments

fhE :oda R | HHLAE (g kg™ ") ¥ N(mg-kg ') HH P(mg-kg™") 3 K(mg-kg™") pH fH
Treatments Sampling time Organic matter Available nitrogen Available phosphorus Available potassium pH

A 1999-10 2.99¢ 64.69¢ 14.46f 29.62¢ 5.02d
2003-10 3.31¢ 70.3d 20.69¢ 35.6f 5.32be
B 1999-10 3.0le 70.39d 22.79d 48.69¢ 5.32be
2003-10 3.54a 79.10b 34.2a 67.5a 5.51a

C 1999-10 2.90f 69.92d 20.20e 36.10f 5.40b
2003-09 3.46b 82.62a 32.80b 65.10b 5.5%

D 1999-10 3.11d 73.93¢ 20.08e 50.97d 5.24¢
2003-10 3.37¢ 83.56a 29.81¢ 62.30¢ 5.33be

2.2 fEYIR R
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22,1 KBFEREMAEE BHR4TH,20 FREL[SEFEEBHL LERE . SHERREE
BELTHEFHRTEE, BRFBHATRELEER 569.6kg-hm™ M IEH 9.15% ; RIFBB T EEBRR
I ALFE BMDAFIL AR 7.15%M4.77% , FHH 5.96% . C 5 A 2FELE, PRELEENERIO KRB
7 3580.3kg hm™? L IEN 27.6% ,D 5 A 2F LB, D A ZFEA 901.5kg-hm™* MK 6.84%,

24 TEABEXKE-RREK N E XKW (2003 £)
Table 4 Yield and yield components of rice under different treatments(2003)

JH ey ﬁ?&ﬁ/&l @ﬁ.ﬁﬁ.ﬁ ﬁﬁ}*ﬁﬁ LR . :Fﬂil Ei’&lf"ﬂl Qéﬁﬂi""ﬁ
Ttoms Troatment codes Effective panicles Spikelets Grains per  Reapened grain 1000-grains  Theoretical yield  Practical yield
per cluster per panicle penicle rate( % ) weight(g) (kg*hm~?) (kg hm~?)
B F First A 8.1f 118.3f 95.1f 80.3d 24.9b 6843, 1 6225.6f
cropping rice D 8.3e 119.6e 99.4e 82.8¢ 25.3b 7424.6d 6795.2¢
B # Second A 9.1d 131.6d 110.4d 83.6bc 24.8b 7301.4¢ 6958.5d
cropping rice B 9.5b 134.0¢ 113.3b 84.3b 25.2b 7956.5b 7456.1b
D 9.3¢ 135.4b 112.1e 8§2.7¢ 25b 7658. 8¢ 7290.4¢
"F A8 Mono c 10.3a 201.8a 173.5a 86.2a 2.2a 10178.4a 9603 .8a

cropping rice

2.2.2 ARLHEHEDFEEE RSERAISLHAFREYRN-REERL, AETHE, BELEEDNEST
FERBENMELAEIGREIRE, WEBNFEULIE DB, 13685.9kg-hm 1L A& 6.7%,C B T
H—Z2R BMEERK . ITEG L EELHEK 25.1%, RAMLEEYT=EU C B&H, HikKkR D 1 B, 4
Bk A B 385% .226% 1 3.0% , P CLL DB 36.1%., M, B ESHABNBELES MIBRBETER
BEEYRLF YN =R MARRE T HAREDNTE,

F5 TELREEDR20034E)
Table 5 The yield of crops under different treatments(2003)

LERS XRZR MER Fimt%lfnping Monoq:;fpping Secon?(f)pping Firf fo::)ing Firf cjr:of;)ing o
Treatment Chinese milk Ryegrasz rice rive e corn soyhean Converted yield
code vetch (kgrhm ™) (kg'hm'z) (kg'hm"z) (kg'hm’z) (kg*hm~2) (kg'hm'z) (kg'hm'z)
A 26902.6 6225.3 6958.2 12817.3b
B 27695.1 7456.1 4218.2 885.3 12556.5¢
C 119400 9603.8 9603 .8d
D 87750.3 6795.2 7290.4 13685.9a

» REMBELTRSBFR(TEFEL4FEYEZRNRER) SEYYUERERATHRFRN 2B/ I 1.6 T kg HRBHIN 17T
kg s EXRK 1.3 kg™ s KT H 3.6 To-kg~' Prices of every kind of agricultural product in the market respectively as follows: early rice 1.6yuan/kg; middle

1 1

season rice 1.7yuan*kg™' ;late rice 1.7 yuan-kg™';com 1.3 yuan kg™ ';soybean 3.6 yuan-kg~

2.3 RERAT
2.3.1 REERMEKEERMME MAReHHUH BMERERELWRET N TR 575.51 x10°]-hm™*, LR
R GH 85.61 x 10°]-hm™2,3K 17.47% . FFFALTE D RILE R, L A Bl 20.41% , AKX 5 A6 78 € 19.79%
B12.22% . BIERGRER BB A TN 148.94 x 10°]-hm™* , L EE R A B 16.17 x 10°]+hm™?, 3% 12.18% .
Heh D ER A 14.81%, KKK AAE C13.63%,B8.1% .. RIERBMIGCHEFARLERESL
TR 9.87% MBI R AL EERE TR 5.0%.,
2.3.2 BEREERAMNBUINEERSHEBATCENKE Bl 1998 ~ 2003 4L FG f l ko 4 2 30 00 3
REESRENEEGANGENNEEMEE BT ZREN Logistic BERBEE A HEZRAENERRA
WA,

MERTIHBEHASERAESLE IRERENEFRENEERANESEBHZABHISRAN
FBEESHOERTEE LEREEN L., AEERENTLELE Y INHHERAS S RBER™
W, LIRS B RN A T84 o
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k6 BEKLAERZEMEETFCEMARESWEOC x T hm~?)
Table 6 The energy parameters of output and input from primary producer in crop rotation ecosystems
M H Items A(ckl) B C D
7K #8 Rice 435.43 215.03 210.28 197.19
E K Maize 269.54 240.66 275.42
K F Soybean 9.76 6.04 10.68
BB AL Gross production B H H Ryegrass 83.58 61.43
# %= Chinese milk vetch 53.88 54.78 45.78 44.61
HE Weed 0.60 0.57 0.54 0.57
B3 Total 489.90 549,76 586.88 589.89
4L % 8E Chemicals 80.25 90.7 97.23 97.75
S8 58 Supplementary encrgy 3% 11§ Labors 37.96 .37 41.31 45,56
Hfh Miscellany 14.55 10.45 12.33 10.12
B3t Total 132.77 143.52 150.87 152.43
- i‘;fig?* Utilization of 1.1053 1.1180 1.2594 1.2659
Ecological efficiencies of rice field ion of
ﬁfi ?Eaii ﬁf’in}:;; 3.69 3.83 3.89 3.87

* DA EMIEN Sa I ATREAFHES B SURC A AT 10 4,462 x 10°Uhm® s ATHBIBE A BB A BIERILA AIE FH FH.

% Above-mentioned dates are average value of five years; standard was seen in consult documents

[52}

J/hm? ; input of artificial auxiliaries include agricultural implements, chemical fertilizer, labour, animal power, seed.etc.
P! po

¥7 BERFEREZERNFHEINERIBEALER
Table 7 Energy input-output model and rational range of energy input in crop rotation systems

s Average energy of all-year radiation is 4.462 x 10"

ULt T HEBI A B R HERE RS HEMATE( % 10°] hm™?)
Treatments codes Energy input-output model Relative coefficient Rational range of energy input
A Y =526.13/(1 4 419 - 00081 0.9196" " 27.59 ~ 359.71
B Y = 583.92/(1 4 %6534 -0.019% ) 0.8827° 40.99 ~ 359,28
o Y= 628.87/(1 + ¢! 0324 -0.003K) 0.8552" 63.17 ~ 372.70
D Y =631.26/(1 + ¢!-008 - 000411 0.8664 " 62.29 - 374.62

2.4 FFROPFHEPROL AT
R 8 TR N P, 0, (K, O IR LN BERA K TEERSR.

£8 TRLBFLSMASHHLF
Table 8 Analyses on input and output of nitrogen, phosphorus and potassium under different treatments

%] # A (kgshm~?) Input P i (kg* hm ~2) Output F=# kb Ratio between input and output
Treatments N P, 0 K, 0 N P, 05 K,0 N P, 05 K;0
A 419.7 152.1 420.7 240.3 102.7 132.4 0.57 0.68 0.31
B 465.3 152.1 465.7 320.6 136.8 192.3 0.69 0.89 0.41
C 498.8 152.1 465.7 387.5 124.6 168.7 0.78 0.82 0.38
D 506.6 152.1 465.7 350.2 130.4 158.9 0.69 0.86 0.36

* LB Y Sa FHE, REFRS T 1 QIEEYHFTMEF OB HATTETRES % (RS ¥ Above-mentioned datas are average
value of five years; output of systemic nutrient include crop content ;standard was seen in consult documents
N B A, A 38 D B 506.6kg-hm™>, A B K 419.7kg - hm ™, H ZHMKK KA D> C>B> A;P,0, WAL
FEGHHR, N 152, 1kg+hm ™ ; K, 0 B8 A A B &, 4 420.Tkg- hm *, St b B8 ¥ K 465.7kg-hm™*, N.P,0;,
KO =R EH/NT 1L, IRHKE LEPNE PR KEXYNBARRE BEVHERSE. XAMFEHLEHRID
MREEFRRRHNSERERE.

3 &g

it Sa e iR, B AAESE RENBEEERELT TRABLS RO, 3 07k 18 g 77 & X
ERMEEFYHHEES, 2N BHREREHRUBEAN EZE-RER- BB -EZHK-BEX-
BEK-EEZR-PH-BREK-EZR-PEX | PAET- BB -BEH - 1R, ZEAPUETTREEY.

H
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ZFEYRARMEY, BE T KERE BRLERRFEEMSE DX, SB%E b TEEFRORLESH
EEE, ERFRORAE N BEE-PE, BEENRARAAFET 2RAVR, W HESHRE
AR, TRMA LR ILE, BRI ENEFE AR L ROAREH HAEEEEY BB LUABRRK, &
R B B RS, AU AR BRI, R REF RO, ERHTRLEHHE, FHT
RUWMETHREER, ~FPBEAURET NEHEFHAFER, TEAREFHFLHOABEFCABKET
WER, ANTIEE>BABEREIABER. B35, —FHFBEA T RNERHH WL RACH, A LLEER
BEANFHNWERKNE, ‘BEE- PR HHERAEZETRANE 2, BRERERT WEBREY
AR BEE-FREEAREFRFHATR,

B F o B SRR, A BB RS 20 , A S WA MBI E#H— S RBR, WEY B R B AR E
B BREEMNBRABUE T RMFREDHETANXR ARBEHES TR PREDBHEZRLHXR
AR BRI KB R /DR, %, BARFE— LT RMET.
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