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Abstract: Rice is a heavy consumer of fresh water and approximately 60% of the fresh water is used for rice production.
Traditional lowland rice with continuous fleoding requires relatively high water inputs and its sustainability is threatened by the
increase of water shortage. In recent years, water-saving rice production techniques have been developed in China and in other
water-limited environments, including alternating wetting and drying (AWD), aerobic rice, and ground-cover rice production
systems (GCRPS), also called “plastic film mulched dryland rice”. GCRPS is a promising new production technology to grow rice
using less water, it has been reported to save up to 60% of the water usually needed growing paddy rice without causing any
significant reduction in grain yields.

Field experiments with three treatments, upland rice cultivation without mulching (UC), upland cultivation with film

mulching (FM) , traditional paddy rice cultivation (CK) in two seasons were carried out to study the effects of rice mulching
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cultivation on root and leaf traits, soil nutrient content and microbial activities. All plots were enclosed by isolating dams of 50 cm
width and 15 cm height to assure independent hydrological conditions. Except traditional paddy rice production (CK), the rice
field were irrigated only at the time when the rice was sensitive to water stress i.e. one week after transplanting, panicle
illumination and heading. Dynamic changes of soil chemical properties and soil enzyme activities were monitored at tillering,
heading and ripening stage by collecting soil samples from rhizosphere .

The results indicated that film mulching (FM) could increase soil temperature by 1-3°C than UC and CK treatments, total
root length and specific root length at heading stage were also increased compared to UC treatment. Water potential of flag leaf and
the second lower leaf of the rice plant was in the decreasing order: CK > FM > UC. There was no significant difference in
chlorophyll content of leaf at tillering stage among the three treatments. However, film mulching treatment (FM) significantly
increased chlorophyll contents of leaf by 29.4% and 15.2% at heading stage and 74.4% and 38.9% at ripening stage compared
to UC and CK treatment respectively. In comparison with UC treatment, FM treatment led to an increase in grain yield by 10.6%
and 12.5% respectively at early and late season, there was no significant yield difference between FM treatment and CK
treatment . Film mulching did not cause changes in soil nutrient content except that total P, available N octasionally increased at
tillering stage.. However, soil fertility index especially total P, available P and available K were decreased by 25.9% , 31.9%,
16.2% respectively than CK treatment at heading stage, there was no obvious difference of soil fertility among UC, FM and CK
treatments except for effective N content at ripening. Compared to CK treatment, , FM treatment could increase the amount of soil
bacteria, fungi and actinomycetes by 2 to 5 folds, increase soil enzyme activity at tillering, heading and ripening stage, especially
sucrase activity by 42.8% , 28.8% and 69.9% , catalase activity by 13.8% ,81.3% ,17.4% respectively.

The above results suggest that film mulching could improve the water utilization efficiency in rice production. It could also
enhance the release of soil nutrient and increase decomposition of soil organic matter through increasing the amount of soil microbes
and soil enzyme activity, which increased the availability of nutrient elements for rice plants. However, soil nutrient deficiency in
the late stage of rice growth may be a problem for upland rice cultivation under film mulching treatment( FM) .
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HAKEZ— KERERCRNREEZFEREKNEZEREZ ", REXE—-AMRLEKE, RLHAK
G KRR 80% , KU AFAEZFREBKMENR, REAKBRHRIEERRA 3.27x10°hn’, GRILAK 65%,
BERARE—KP®, BRAKBREREKRE, HHEKRIFEA, X 6000 ~ 9000m’ /hm’ , KFEHERF{™ &,
AHBHRERL T KWES FRTKERE ESEFLE,
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1.1 ABFit

REAEERYRFERERGHT. IR KBEMASTAEEFLRERE WEHEELS, #3141
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33.3 em, /NXEHN 32 w’, EREEFMEEN 3 A 10 B, GHERN4H 8 H , BBEMERI N7 A 25A,1&
BMEtE R 8 H 12 B, BEHE, R KEL, LEAVNREERN 16.30 g/kg, EH AT E N 112.32 mg/
kg, EABE S BN 48.32 mg/kg, A Z BN 123.65 mg/kg, REMBREERERIE KB LBETRGR
FH . EBHBHNE)FTKNRTHEERBIK>HET, REEERS. EBRE-TEHLELR (BFHREF
lem BAKE , REHKHET KERXRRET;AERBY BT LEETE, N TAHBRWIEDEK HAER
50 mm —K, KEELEBTHE (8~ 11 AR)KWMEWNER 775.1 mm, /N XEEEM T HE ML, HEEE N
lhm 4 N 180 kg,P,05 75 kg, K,0 150 kg, 75% B N k2% P K FEAEEEHEA , 53 BEMI FZ2 B 1B HE 25 % BE
H ) 4 L ) — At K H
1.2 WEMRHERE 3
1.2.1 +EBRE HHEREITEAAFRBRKRYLE, W E S MAEEEO0~5.5~10,10 ~ 15,15 ~ 20cm +
BB EAL, B 8:00,12:00,18:00 £ 3 K EH1{E .
1.2.2 BEARSHEG TEABHIEN WEHE/ XEBHIREI N UMERFEAER, BFERK BH.
BEER BERBER, TR IS K Regent /A 7] 4 = i Win/Mac STD 1600 # & X,
1.2.3 MHEKZE FEHBEE 7.14.21.28.35d, 8 &4 B ARSI MR E 2 BB LR EHTH KRS E,
B AN A% £ E = WP4 KB,
1.24 FEEMBEER BRRAHSNMEENXEHIREI X 3IAEEH#T=EEBAERWH SR, BRH
BEE,FNE NP DK HTELNER LR,
1.2.5 +3FL EKEHOSEN BN RBHE NXEBIER 0~ 20cm BRX LN E L ERISE,
BARXBBETGEA—TREHR, BMEEXINELENX, FEGREFELE pHE. 28 .28 268 &
WA M EME AR TRES, MR LS R,
1.2.6 TEBAVEER T RBEE EAREFTHHPBURKX H3FSUE LS EYRE R+ R8BS H
ME,BMEEIANERHES, TEAE RKE AESNAFRTEAR BHEL D TRERERBEY
BRI E

TR ENEE R REEES A BT ED AP RS EEENN S SR
BREDE,BEL 1g LB hHFE 0. INBERS ml FHER; HEEEBEENER3,S-—HEKBRIELE
%ML 1g 27E 37CTF ,24h B RERE =AW AR mg TR~ T HERBERNE AR KILAE, B
P 1g 3P 37 C T 855 24h A3 IR B =AM NH,-N B mg HE T
2 GR59W
2.1 BESENESZLEEENE W

MBI AEL WEBSEENMESZLRELERE 2~3C R0~ 5em L EREBEXNISHEE, ML
TEHME, EBRBR T, BESE 0~ S5cm.5~ 10cm.10 ~ 15cm, 15 ~ 20cm 1 J2 15 B 43 5 kb 5L b 55 9 /K 338
M2~3C1~2C.0~1C.0~1C, MPEAESHEKZHEJLERERHENEN, F—8 AR LR+ 8EE
RN EBBBRTVEY B0RR PR B AR O B/, R R K, FRZRE™ AN R B AL E £ 5.
(DHBERRAE T 138 S50 F K 2388, I H TR H; QOMERB T I ESH RN B AT, Q) Bk
HEEMERKENKERBHANSER, FRERE FTRBE,
2.2 BEBEXNKBRAEROZ W

AR2TEH, JLMARLEN MBI AKBRAXZRGOR BER BERRERE/N, MHRE HBEK.
REWEMEHEER, BEEMEFM) R KA (CK) 4b B A K RS 5K 45 5 b8 b 52 7 4b B8 (UC) 3%
11.5%,26.0% , KR K 5140 11.8%,27.6% ., SEMK/EAL, BREEAEMELEEKBRENKER
ETR, 03B 19.6%F 19.0% , TR E RN A BT, 53BN 6.7% 13.3% , BERMERR K,
BREESEAKERZERRERA BB EEG RANBRL MAKEMLEERE M, & H TRk
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RBUNALGHMEBE BER BERALBKEAHEER, BEEE HBEERRSKSA L
KAEB D 14.3% F1 6.9% , 3Kk B EKE; AR EZ N 4513 m 33.3% M 26.7%; LR K53 W 15.4% M

7.9%. HERIRBARER BREBEEKF

£1 ARRENREETRALEFYREHEM(T)
Table 1 Effects of film mulching on soil temperature in early rice season

H 3 TE 3 (3 WERE WK IE EL R PR EL K FE 34 in
Date Soil depth(cm) uc M CK Increase than TI  Increase than CK
43 22H 0-~5 29.0 31.7 30.0 2.7° 1.7
April 22 5~10 21.5 28.0 27.0 0.5 1.0
10~ 15 25.0 26.5 25.5 1.5 1.0
15~ 20 25.5 26.0 25.5 0.5 0.5
4248 0-~5 31.6 34.6 32.2 3.0" 2.4"
April 24 5~10 29.5 31.2 28.5 1.7 2.7"
10~ 15 27.1 28.7 21.5 1.6 1.2
15~ 20 27.3 27.5 27.0 0.2 0.5
4120 0~5 26.0 28.3 26.0 2.3" 2.3°
April 26 5~10 25.5 27.0 25.5 2.5" 2.5"
10~ 15 24.5 26.5 25.0 2.0" 1.5
15~20 25.0 26.5 25.5 1.5 1.0
482880 0~5 28.5 31.0 28.0 2.5" 3.0"
April 28 5~10 27.0 28.5 26.5 1.5 2.0
10~15 25.5 27.0 25.5 1.5 1.5
15~20 25.5 26.5 25.5 1.0 1.0

UC: # 3 R4E upland rice, FM: WA B {E mulching on upland rice, CK: B #7K{E paddy rice cultivation, T[], the same below * p <0.05

%2 NBRENRRBEHEE(E)
Table 2 Effects of film mulching on morphology of root system (per hill)

0s: ] BEK KEH "B *3R HRK RE
Treatment Total length (cm) Surface area (cm®) Diameter (cm) Volume (cm’)  Specific root length (cm/m’) Tips
i 583 Heading stage
ucC 1497.5 + 44.0c 770.9 + 151.5a 0.17+0.04a 33.4+4.9a 1473.7 £ 57.7b 1098 + 21b
M 1668.9 + 45.6b 860.0+112.1a 0.16 £ 0.02a 36.2+9.2a 1646.5 + 42.6a 1090 + 67b
CK 1886.3 + 70.5a 889.7+76.7a 0.15+0.01a 33.6+4.8a 1880.3+73.2a 1356 + 31a
BB Ripening stage
ucC 1495.5 + 94.1ab 851.3+115.8a 0.19+0.02a 40.4 +12.0a 1460.8 + 95.2ab 885+ 119a
M 1376.0 + 18.6b 833.9+52.3a 0.20£0.0la 41.3+4.4a 1341.7 + 36.2b 782 + 48a
CK 1605.5+40.1a 853.81 +£41.8a 0.15+0.01b 29.5+2.8b 1586.7 + 48.7a 859 +29a

F— RS BFEFFEBARARERZTEREEE (p <0.05) Data with different letters are significantly different (p < 0.05)in the same column at

the same growth stage

2.3 xtKREH KSR 8RN

HHEKHBRTEERMOEBEIR, TUE—EBE L RMEDEANOKIRE. AER3TEFE, KB
RS, N RS A E 2 ot KR B R BB R ERKECK) > BEREEM) > B RHE
(UC),[BREZEREXBIBEKF, HEBEME, Lie2EIHEEFH 21  BEBESEMKEHRFKEERFE
A, TR B AE N B 2R T8 #Kk1E. #BE 7d,14d,21d,28d,35d &), 8 HLK /E K 8 H 38 B 46 4
5% 8.6%,24.3%,10.2%,9.4% ,6.2% , T £ 2 vt W 5> 53 11 8.9%,20.6%,14.5% ,5.5% , - 2.9% ., B

BAE S HHUKAEH EL i K3 T FE0R BB/, Ul U B R AL B A 3 SR AR K BE T BB B


http://www.cqvip.com

£ 00O http://www.cqvip.com|

6 ERS % KBERESEEMBHER . EFESAIEBEYEENE R 1907
*3 NEREXHMEKBIEHAZHEME(MP)
Table 3 Effects of film mulching on leaf water potential after heading (MPa)
MEXE(D HhH Ab P Treatment
Days after heading Leaf uc FM CK
7 St Flag leaf -2.1+0.06a -1.97+0.17a -1.92:0.10a
%) 2 o The second lower leaf -1.91+0.51a -1.84+0.14a -1.74+0.15a
14 #)H Flag leaf -1.48£0.20a -1.38+0.21a -1.12:0.11b
8 2 & The second lower leaf -1.26+0.21a -1.16+0.19a -1.00+0.16a
21 S Flag leaf -1.97+0.27a -1.82+0.30a -1.77+0.26a
{8 2 M The second lower leaf -1.8 +0.11a -1.75+£0.11ab -1.59+0.20b
28 S Flag leaf -1.92+0.27a -1.82+0.18a -1.74£0.14a
) 2 M The second lower leaf -1.63+0.47a -1.56+0.20a -1.54+0.2la
35 S Flag leaf -2.10+£0.41a -2.06+0.23a -1.97+0.57a
{8] 2 M The second lower leaf -1.75+0.37a -1.74+0.37a -1.80+0.31a

A—-TREPFEIRAERTIERERE (p<0.05)

2.4 FAKBHAHSRIEHEW

HRERXAGERANYRER, BN A&
AEBNERE—CTRELERER A XAEENT
&2, B TR, AN ENI M EENRESEY
MELRIA—H.ZHNAEE., MAEMBEN, BEEE
SEMKEMEZRAK, B4 5 LR EEE M
29.4% M 14.3%, B THBEH BERENH SRR
RAERTHRHBEMENKE HRE a S LARME
ERMEMKIETH 713.5%.40.4%, HE R b B H
77.7% .33.3% , BMHBZESBEH 74.4% .38.9% ., X
VEOKBER RS EE N i 22, EKITREM #E

Data with different letters are significantly different (p < 0.05)in the same line

H5 % A R(ng/g)
Chlorophyll content
e = = N
w (=] w (=

(=]

pagd] HhResA
Tillering Heading

DUC BeFM BCK

i
Ripening

A1 EREBAEMNERGHAHEKRTBOEW

Fig.1 Effects of mulching on chlorophyll content of functional leaves

GEM. HBEXMASWERNEE TERETURIFREEKNER MAELHKEEREZEHFEEH—4
BEFRE, NEPTEI BHBEHKXETEEMN, XBREHHEBKBRIEAFRBIXER,
2.5 MKBEFmEETRARKE R

I RBEZEEMZ AR EVES THROBE MEEMKEZERAKR(EK )., BEBEY>
FEEIARNE SLENMELD . REERBEFYEEN 291.7 x 10%ind./hn’, LL R B ER N T
15.3x 10*ind. /hn’ , B RIEN 21.2% , BELF 6.7% , ML =B 25.9% , LR BIEM10.6% ., MBHFIEBESR
EN FEFE TR ERARBEORE N8, LRI R B EEM 12.47% . BB ERGTERBIET
HRZIKMERE,RBETFREOES. MEESENEBEAS Y KMATR T3S % HKEHREN

R
F4 ABIEERENTREE~RBEENER
Table 4 Effects of film mulching on yield and yield components
4h3m AR BRRNK BF FRE Hig- & EH Y ) b Tk
Treatment Effective Panicle Grains per Filled grains 1000- grain Theoretical yield Actual Yield  Increasing rate

) number (10*ind./hm?) panicle (%) weight (g) (kg/ hm?) (kg/ hm®) (%)
B2 Early rice

uc 276.4 £ 33.9 115.0+18.2 84.30+0.04 18.99 + 1.00 5168.5 + 1686.8 5867.2 0

M 291.7+69.6 129.9+15.0 89.10+0.03 19.36 + 0.86 6506.2 + 973.6 6488.5° 10.6

CK 287.5+60.6 118.2+19.2 87.80+0.06 19.15+1.21 5741.6 + 1835.9 6143.3 4.7
BE % Late rice

uc 219.2+47.9 167.9+31.2 91.80+6.20 19.58 + 0.68 6238.5 + 849.2 5302.1 0

FM 262.8+12.6 119.0+29.7 92.90 +2.60 19.56 £+ 0.71 6552.6 £ 910.3 5963.5" 12.47

CK 250.2+43.2 120.4+18.8 92.80+1.40 18.54+0.74 6560.2 + 1135.7 5921.2° 11.69

* p <0.05
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BREEAEX LMANWERAE S, ANRFTTER, E4EY, SRUBEMEIKEML, BRE -
MURAREE—ERENES LA 2B EXA METFXHREFE, X P28 ERALDEE
K, TRBBEAERH S BN LR RS B KRR, BUEXERMBEREEE LB BEK
L E S ERFEAABERA L ER RS EF AR, MBI b TS E Y3 3R 2 89 I A 0K AT
FLMHESTRT R ISHR P HHE R TREBERR, 5HAKEME, 3R 25.9%,31.9%,
16.2% , 1B B EKF, MRBHMAZHKIZEG HHKEHLERN TR, BREBBEFKF. SRR, BER
J& B BT, 0 T G4 4 R AR o L R HE T R SR R, TR - SRR RE D R R A T RERY

%%0

%5 NERENIRNFSELHER
Table 5 Effects of film mulching on soil nutrient at different growth stages

4L 3% Treatment pH OM (g/kg) TN (g/kg) TP (g/kg) TK (g/kg) AN (mg/kg) AP (mg/kg) AK (mg/kg) CEC (mol/kg)
43 BEHA Tillering stage
uc 5.72a 23.50a 1.27a 1.13b 18.60a 74.24a 44.86a 134.13a 6.91a
FM 5.71a 25.23a 1.31a 1.36a 18.59%a 80.26a 43.72a 109.27b 7.12a
CK 5.65a 24.17a 1.23a 1.31a 18.31a 64.60b 47.25a 119.97a 7.09a
1B Heading stage
uc 5.62a 23.57a 1.23a 1.29a 17.84a 75.44a 42.21ab 55.99ab 6.76a
FM 5.55a 24.04a 1.12a 1.00b 18.18a 67.49a 36.03b 50.61b 7.19a
CK 5.74a 24.35a 1.21a 1.35a 17.86a 73.76a 52.92a 60.38a 7.00a
A Ripening stage
uc 5.44a 24.00a 1.32a 1.33a 18.51a 99.78b 47.51a 110.71a 7.14a
FM 5.54a 23.53a 1.24a 1.21a 18.15a 126.80a 50.78a 107.28a 6.75a
CK 5.60a 23.79a 1.26a 1.20a 18.20a 115.20a 54.43a 116.09a 7.02a

@TN: & Total nitrogen; TP: & B% Total phosphorous; TK: 5 #F Total potassium; AN: 7 2 Available nitrogen; AP:# % B% Available phosphorous; AK:
E B Available potassium; CEC : A F 35 ¥ & Cation exchange capacity; QF — iR —FI B\ F F AR ERTER B F (p <0.05)Data with
different letters are significantly different (p < 0.05)in the same column at the same growth stage

2.7 MEHBEHEAEYMREREEEE

Pl BHAENEERE TP =REHEY, ENN LEPENIH IR EANBREERTREALES
PMHLRAERER. AR P EH BERFSHRUBFETEN I RAFREEER THIKIEL

L4500 76.7% M 104.7% , Tk AN B ZE T
EHAKELE MBRBMXEES THHAKEL
oL TF2.62~2.7815, NENEEHEREFEE
BEREESERAKEHLEERB/D, MRLEENHEY
TEMBW2G, XMHEES5HEBTEAM, WhER
MR BN B R T HAKELHE, MBI RAL X E
EETAELB HYT4-SEEA. HEAEKE
TSy EEAAR b B 1 A X AR, T 7E S RO 5 LB,
BREENRBEERES THAKELE, LT
2~31%,

TEEkE L EMAEY MUY EERR
EOETEAEIEN=Y., T EBEEELEPA
VFEENEGEI, ERET L EHESRINFER
TR HALHER, T R e E L
BIES KPR EO BT RIR. &% AERE. K

¥6 BEEENITHMEDBROEEN
Table 6 Effects of film mulching on number of soil microorganisms

Lt M HE B
Bacteria( x 10°)  Fungi( x 10°)  Actinomycetes( x 10*)
43 BEH Tillering stage

Treatment

uc 5.22+1.0% 2.55+0.07a 1.50+0.27b
FM 4.51+1.10ab 1.25+0.07b 2.00+0.20a
CK 2.63+0.29b 1.23+0.51b 1.97+0.57a
MBS Heading stage

uc 2.78+0.65¢ 2.37+0.45b 3.27+0.40a
FM 4.91+£0.47b 2.30+0.61b 3.78+1.72a
CK 6.85+0.26a 3.10+£0.26a 1.70+0.28b
MBI Ripening stage

uc 11.80+1.67a 6.81 £0.54a 4.44+0.47a
FM 12.5+1.98a 5.18+1.21a 4.70+0.82a
CK 4.50+0.95b 1.27£0.35b 1.63+0.57b

F—mER SR EFF R AR ERAERMEE F (p <0.05)
Data with different letters are significantly different (p < 0.05) in the same

column at the same growth stage
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B I EAER BREERIFN TEE ., DEMEREESBERE L RPUAE K ERRY - ' RS
Pro BBLAT LA FIBEIE 1 R R LB R Y R PRI E R RARIE HIERE S . AN T EBRTERE,
AEALEN + EBEENOERBEFNAR(BH2), SNEEANEERELEBEE SR (FRKE) M
A ARBEREEE, LU SRS BN R,
HEAEHMESE ST RANFNRFLEREGEY

7 ouc mFM mCK a

XF. ME2HTRS L0, BEENESRBEE T 2 TH.
BB HHB R SHAK R 18.9%8 0.8%, g | ;s
MBHAAMANERR S SRR ERFRR MR 35 5 b
EBWTHHAKLE, 55138 71.7%F1 33.8%, Y 2t
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Fig.2 Effects of film mulching on catalase, sucrase and urease activity of soil
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THWAVKRSE 28 ERBRIANESESREERMEE", BAMAEYHBE ML EBIEHERGS, R
T IEFSHABAMBN, EEYRRKEN T ERAABR NTNSBAFEANERLENE L, XWEET
Hft 4 LB AE YRR IR L EEEERE S, T LR 4 WAL,

References:

[ 1] Zhang Q S,Shen Z R.Water crisis and strategies of Chinese agricultural sustainable development. Crop Journal 1997, (6) :9 ~ 12.

[2] JinQY, OuY Y.Water-saving rice on China. Chinese Rice, 1999,27(1):9 ~ 12,

[3] LiangY C, HuF, YangM C, et al . Mechanisms of high yield and irrigation water use efficiency of rice in plastic film mulched dryland. Sci. Agri. Sin.,
1999, 32(1):26 ~ 32.

[4] HuangY D,Zhang ZL,Wei F Z. Ecophysiological effects of dry-cultivated and plastic film-mulching rice planted. Chin. J. Appl. Ecol.,1999,10(3) :305
~308.

[5] Peng$S, Shen K, Wang X, et al. A new rice cultivation technology: plastic film mulching. IRRN, 1999, (1):9 ~ 10

[6] PanLQ, WulL H. Improvement of underground water quality under film mulching cultivation in rice field. Agro-environmental Protection, 2000,19(5) :
260 ~ 262.

(7] WuLH, Zhu Z R, Liang Y C. The development of the rice film mulching cultivation. Journal of Zhejiang Agricultural University,1999,25(1) :41 ~ 42.

[8] ZhengZ S, WuLH, Kong XJ, et al. Study on high yielding cultivation technologies of film covered rice dry farming. Acta Agriculturae Shanghai, 2000,
16(3): 55 ~ 60.

(9] WangJC, LiuXJ, Zhang F S, et al. The effect of different soil mulch materials on the growth and yield of rice, Acta Ecologica Sinica, 2002,22(6):
922 ~929.

[10] Shen H ], Shen Q R, Feng K. Population development characteristics of rice crop cultivated on areobotic soil with mulching. Chin. J. Appl. Ecol.,2004,
15(1):59 ~ 62.

[11] Cai K Z, Huang Y Z, Huang G Q. Effects of film mulching on plant traits and physiological activity of rice root. In: Li S X ed. Proceedings of the
International Workshop on Water-saving Agriculture in Dryland areas. Beijing: Chinese Agricultural Press, 2003.

[12] Cai K Z, Hong Y B, Guo Z T, et al. Effects of film mulched upland rice on growth and development characteristics and yield component. In: Mei X R,
et al. eds. Theories and technologies of water-saving agriculture . Beijing: Chinese Agricultural Science and Technology Press, 2004.

[13] HuF, Liang Y C, Li H X. Soil fertility change and soil management of rice film mulching on dryland. In: Chinese Society of Soil eds. Soil Science to 21
century ( Comprehensive volume) , 1999. 265.

[14] LiuM, Wu L H. Study on changes of soil fertility in rain fed paddy soils with mulching plastic film. Acta Agriculturae Zhejiangensis, 2003,15 (1): 8 ~
12.

[15] Cheng W D, Zhang G P, Yao H G, et al. Nutrient accumulation and utilization in rice under film-mulched and flooded cultivation. Journal of Plant
Nutrition, 2003, 26 (12): 2489 ~ 2501.


http://www.cqvip.com

£ 00O http://www.cqvip.com|

6 ERS FOKBEBEREEMRMHER SRS REEYEENE R 1911

[16] LiuXJ, Wang ] C, Lu SH, et al. Effects of non-flooding mulching cultivation on crop yield, nutrient uptake and nutrient balance in rice-wheat cropping
systems. Field Crops Research, 2003, 83: 297 ~ 311.

[17] Ai Y W, Liu X J, Zhang F S, et al. Utilization rate of nitrogen fertilizer of rice ( Oryza satival) as influenced by mulch and dryland farming. Acta
Pedologica Sinica, 2004,41(1) :152 ~ 155.

[18] Chen X S, Guo SF, Wang J K, et al. Effects of mulching cultivation with plastic film on soil microbial population and biological activity. Chinese J. of
Applied Ecology, 1998,9(4) ;435 ~ 439.

[19] Song QH, LiFM, WangJ, et al. Effects of various mulching durations with plastic film on soil microbial quantity and plant nutrients of spring wheat filed
in semi-arid Loess Plateau China. Acta Ecologica Sinica, 2002, 22 (12): 2125 ~ 2132.

[20] Zhang C E, Liang Y L, Huo X B. Effects of Plastic Cover Cultivation on Soil Microbial Biomass. Acta Ecologica Sinica, 2002, 22(4) :508 ~ 512.

[21] Liso M, Xie XM, Wu L H, et al. Effects of dry-cultivated and plastic film-mulched rice planting on microorganism ecological quality in a paddy field soil.
Chinese J. Rice, 2002,16(3):243 ~ 246.

[22] Bao S D. Analysis of soil agricultural chemistry. Beijing: Chinese Agricultural Press,2000.

[23] Xu G H, Zheng H Y. Manual of analyzing methods of soil microorganism. Beijing: Agricultural Press, 1983.103 ~ 109,265 ~ 266.

[24] Yan X S. Methods of soil fertility. Beijing: Agricultural Press, 1985. 243 ~ 245,288 ~ 289.

[25] Wang S S, Deng G Z. Mechanisms of increasing temperature with film mulching. Sci.Agri. Sin., 1991,24(3):74 ~ 78.

[26] WangZ G, Liang J S, Cao X Z, e al. Effects of half-root-dried treatment on photosynthetic characteristics and sugar metabolism of rice leaf. Jiangsu
Agricultural Research, 1999,20(3):21 ~ 26.

(27] Zhang S,Wu X Z,Jiang B F, et al. Technological effects of rice film mulching. Helongjiang Agricultural Science,1983,(5):20 ~ 24.

BEIW -

1] KEH, EE. PERLFEEROKEBNURRANER. EORE, 1997,(6):9~12.

1] &£TH.BKMhdE. REXEYKRBENS FRERIT. PEREX,1999,27(1):9~ 12.

] BAB . H®.BER, S AREREAR=YKRERR. PERLH¥,1999,32(1):26 ~ 32.

] B, KA, ARE, & AREHESEMESERYN . MAES¥IR.1999,10(3):305 ~ 308.

] BEE.ARK. KEERESARETANBHE T AKBNEHE . RAIFERF,2000,19(5) :260 ~ 262.

] RER BME . BKE, & AEEERENKYRERESRERAR . MILRILKFEFEIR, 1999,25(1):41 ~ 42.

] BEERBR,LEE, . KEEESEREEARARR. LBRIL¥IR,2000,16(3):55 ~ 60.

] ERRNEE KEY.E. FRLNEZYNEAKBERATRER . £5%],2002,22(6):922 ~ 929.

] BEE AHE . HE. BEEAKERERFHREM. HAESFEM,2004,15(1):59 ~ 62.

] KRS KB HER O KEHEEENERERAIBREBEEENER. L. 2454 ERERYRRLFITEEXE. L. hE
Ay i AR 3t ,2003,284 ~ 289.

[12] Z#E% UHEH BEE.% FEEANKBETREATENRAEE. L - BERSEIR HRERNREEBLSHER AE . FERL

B EBAR M AR ,2004,341 ~ 346.

(13] %4 Bk#.ZEE FEEAEELHENRESLIHERNE L - PELRESH. TR 2 LN L RBE(EE5),1999a,265.

[14] X4, RRER EEEAERDHHE L BN, SITRIL¥HR,2003,15(1):8~12.

[17) XRifh, X¥E, KEY, . BESEEHRASKEREHAENE R . LW¥IR,2004,41(1):152~ 155.

(18] BR%e WA, ERE, ¥ HEESHENLRBEYHBENEYEEOBR . M A4S SFIR,1998,9(4) :435 ~ 439

[19] Rek&E ZRR,ER, ¥ EHEMEPERKBBEVEHEMLIMNFOEHF . £ ¥IR,2002,22(12) 2125 ~ 2132.

[20] AR BEW.ABER. 5. MEEI TR LRBEYRKO B W, 4B ¥IR,2002,22(4) :508 ~ 512

[21] B, BB, RRK KEEERAENED LRMEVESTENE RN . P EABHE,2002,16(3):243 ~ 246.

[22]

[23]

[24]

[25]

[26]

[27]

O 00 N A A W N

[
[
[
[
(
[
[
[
[10
[

11

M EESM. HRAF. LR PERL SR, 2000.

VLM R ER . LREEM AN T ETM . U Rl R, 1983,

PR ER. LR STRE . LR R AR, 1985,

IRREBRZ. ARESHEVMORR. PERLAE, 1991,24(3):74 - 78,

EEE RBE WEM, & R TEWELEMNKEN H A EABRBORE. THRRLHK,1999,2003):21 ~26.
BE, REE, H58, & KEMELEEEIREOERMELE . BRIKRVHF, 1983,(5):20~24.


http://www.cqvip.com

