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Weed communities in rice fields in Zhejiang Province

Zhuang Jiawen Zhang Zheng Qiang Sheng’
(Laboratory of Weed Research, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China)

Abstract: In order to clarify current infestation status of major weeds in rice fields of Zhejiang Prov-
ince, the weed species and community characteristics were investigated with the seven scales with visu-
alization of weed dominance to rice. The overall weed infestation index (OWII) and environmental fac-
tors were analyzed through canonical correspondence analysis (CCA) to reveal weed distribution. The
results showed that the weeds belonged to 22 families and 62 species (including varieties). Among
them, Leptochloa chinensis, Ludwigia prostrata, and Echinochloa crusgalli were the most harmful and
widespread weeds through the province. The weed communities of 44 sample plots could be divided in-
to the following two types. First was the weed community of northwestern Zhejiang area, where E. crus-
galli, E. crusgalli var. austrojaponensis, L. chinensis, and Oryza sativa f. spontanea were dominant spe-
cies. The infestation indices of E. crusgalli, E. crusgalli var. austrojaponensis and L. chinensis all had
OWII values higher than 8.88%. Second was the weed community of southeastern Zhejiang area, where
L. chinensis, L. prostrata, Alternanthera sessilis, E. crusgalli, and Mazus fauriei were dominant species.
The infestation indices of L. chinensis, L. prostrata and M. fauriei all had OWII values higher than
7.66%. On the whole, the OWII values of northwestern area were much higher than those of the south-
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eastern area in Zhejiang Province. The results indicated that the weed communities of different areas

had become homogeneous and the weeds induced less damage in succession process since the end of

20th century. The problems of weedy rice and other new weeds became increasingly prominent, and the

corresponding weed control measures were in urgent need.

Key words: rice field; weed community; canonical correspondence analysis (CCA); survey
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Table 1 Species and infestation of weeds in rice fields of Zhejiang Province %
WrtidehX W AREHLX )
Nor@hwestem Soqt_heastern thle
e 7 ik Zhejiang Area Zhejiang Area  Province

Class Family Species RE giafe RE Gafs RE G6f
AN el e

ency OWIL ency OWIL ency OWII

LTI ARAF} Gramineae Iy J# Digitaria sanguinalis 3636 3.18 25.00 0.96 3636 233

Ejfoco_ # Echinochloa crusgalli 9545 1807 63.16 671 79.55 12.92

tyledoneae T Ec. crusgalli var. mitis 13.64 1.59 4211 415 29.55 3.25

INEHLEc. crusgalli var. austrojaponensis 50.00 11.87 20.00 3.05 27.27  4.67

TR Ec. crusgalli var. zelayensis 0.00 0.00 10.00 0.25 455 0.11

S H Echinochloa hispidula 455 0.05 500 125 227 057

JK H# Echinochloa oryzoides 455 036 0.00 0.00 227 0.18

B Eleusine indica 0.00 0.00 1500 1.07 682 049

HLEE Eragrostis japonica 18.18 1.67 15.00 0.40 1591 1.15

T4 F Leptochloa chinensis 7727 1093 95.00 12.11 93.18 12.92

B8 Leersia japonica 0.00 000 1500 0.60 682 027

22K Leersia hexandra 40.91 475 2500 1.77 31.82 3.18

&R Oryza sativa . spontanea 2727 888 0.00 0.00 682 3.16

SRR B Oplismenus undulatifolius 0.00 0.00 5.00 0.05 227 0.02

WAL Paspalum distichum 4091 522 50.00 4.10 4545 4.62

%M Paspalum thunbergii 0.00 0.00 500 0.10 227 0.05

F 5 Phaenosperma globosa 9.09 045 500 0.05 9.09 040

7L} Cyperaceae FIIIBEL Cyperus difformis 50.00 3.60 20.00 0.82 38.64 2.39

THRIBEE Cyperus iria 4545 301 40.00 1.60 43.18 2.16

HAHEK D 5 Cyperus microiria 455  0.14 000 0.00 455 026

B Cyperus michelianus 9.09 044 000 0.00 455 022

IKIBEL Cyperus serotinus 455 055 0.00 0.00 227 027

B i Eleocharis yokoscensis 455 009 500 005 455 0.07

JKEE Fimbristylis miliacea 36.36 1.58 65.00 427 5227 3.67

¥ 223 Heleocharis plantagineiformis 455 027 000 0.00 227 0.14

7 1 Schoenoplectus juncoides 22.73 093 20.00 030 1591 0.70

IK 2 Schoenoplectus tabernaemontani 4.55 044 0.00 000 227 022

I ALER} Pontederiaceae 55 L% Monochoria vaginalis 4545  6.06 55.00 448 5227 558

5 Alismataceae SR Sagittaria pygmaea 2727 082 0.00 0.00 6.82 023

e i e A KA Murdannia triquetra 4091 459 30.00 433 38.64 475

Commelinaceae 05 5H 25 Commelina communis 455 023 000 000 227 037

YHAE5RL Eriocaulaceae 05 2L Eriocaulon buergerianum 455 066 500 0.16 682 057

KA %iliF} Solanaceae 1% Physalis angulata 0.00 0.00 500 005 227 0.02

gﬁii@tyle_ TJEA Lythraceae /K 3% Ammannia baccifera 5900 748 2000 077 4091 4.18

doneae H-IEIK W Ammannia auriculata 455 005 500 036 227 0.16

Y93 Rotala indica 5455 331 40.00 0.82 4545 2.11

M 37} Onagraceae T & Ludwigia prostrata 7727 738 80.00 7.82 84.09 8.01

K Ludwigia adscendens 18.18 1.56 0.00 0.00 455 0.78

4B+ Compositae R4 EE Bidens tripartita 2273 071 000 000 682 029

i Eclipta prostrata 59.09 575 65.00 265 63.64 3.06

B} Amaranthaceae 25 0¥ T2 Alternanthera philoxeroides  70.18  4.05 85.00 690 81.82 5.67

X ZF} Scrophulariaceae [ I3 Lindernia procumbens 7273 206 3500 1.88 4773 1.70

VeAEYE Lindernia antipoda 2273 0.77 40.00 1.75 34.09 1.50

R Lindernia crustacea 13.64 0.73 5.00 0.05 455 0.07

18 SR EL Mazus fauriei 50.00 470 85.00 7.66 66.67 6.11

MR Campanulaceae 234134 Lobelia chinensis 455 028 000 000 227 0.4

5F} Leguminosae &8 Aeschynomene indica 455 0.15 15.00 0.35 11.36 0.35

Vi Rubiaceae BT 2 Hedyotis diffusa 455 023 1000 030 455 0.14
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£F3 1 Continued

WrvE b X W 2R Fa X )
Northwestern ~ Southeastern Whole
Zhejiang Area  Zhejiang Area Province
o i ixe e e
Class Family Species KA mafn RAE o RE &5
B EHR LS T HER 2 EHR
Frequ- " "** Frequ- ""'"** Frequ- "'/
ency I ency II' ency OWII
LTI FF} Polygonaceae JKZE Polygonum hydropiper 0.00 0.00 500 011 455 028
Eﬁ,%’t ) AR 2 Polygonum lapathifolium 4.55 0.24 5.00 0.15 455 0.19
L icotyle- ey e 0.00 0.00 500 037 227 0.17
oneae = o
Po. lapathifolium var. salicifolium
K2 Polygonum hastatosagittatum — 4.55 1.33 5.00 0.05 9.09 1.81
FH Polygonum viscosum 13.64 095 5.00 0.05 9.09 0.50
£ Rumex japonicus 0.00 0.00 5.00 027 227 0.12
+7F 1%} Cruciferae ¥43E Rovippa indica 0.00 0.00 500 0.17 227 0.08
%%*ll' Ranunculaceae 5&% Ranunculusjaponicus 0.00 0.00 0.00 0.00 2.27 0.12
45 Bl Aizoaceae K E Mollugo stricta 0.00 0.00 5.00 032 455 0.37
DJER} Asclepiadaceae % Metaplexis japonica 909 035 000 000 227 0.0l
ﬁkém 7J(%3F’l‘ Parkeriaceae 7}(%\ Ceralop[gris thalictroides 9.09 0.14 5.00 0.23 9.09 0.32
Filicopsida (Ceratopteridaceae)

BT RIVRE 5 24 ANTEHT P AL I AR B 2% RV S0 28, DRI HC A w3 s U BRAE 2 08 51 A .- Sampling points 7

and 24 are not included in the classification of weed communities in northwestern Zhejiang area and southeastern Zhejiang area, so

their data only appear in the column of provincial data.

2 HNIAKEARNERTFSHEFHE R EX R

Table 2 Relationships between the environmental factors and the sorting axis in Zhejiang Province

Sl 2% AR R 4 TR 2

Axis 1 Axis 2 Annual precipitation Latitude Temperature seasonality
o5 2%k Axis 2 -0.0054  1.0000
AEFATR & Annual precipitation 0.0062  0.5600" 1.0000
4% Latitude 0.8472" -0.1406 0.0945 1.0000
ZA5 M 22 Temperature seasonality -0.5295" -0.3947 -0.1280 -0.3661" 1.0000
AEXJIE Annual mean temperature 0.7699"  0.3437" 0.1343 0.5726" -0.7722°

*RING B IR ARAR R R BT HTik A 3 4F P<0.05 /K7 | i #AH5C . * indicate significant correlation at P<0.05 level by Pear-

son correlation coefficient analysis.

HRYE AL K 5 22 51 CCA T I, AR AR
G303 RISEECE 1) o 26 1 207 T 1 Hok A b 1
5B, F AR R BRSE R BR, A T
Echinochloa crusgalli var. mitis(Sp1) ./NFHL(Sp2) |
2 ¥ B Phaenosperma globosa(Sp3) .24 A (Sp4) .
IR (SpS) T HE(Sp6) IR K Bidens tripartita
(Sp7) %500 3E - (Sp8) \FA -3¢ Lindernia procum-
bens (Sp9) . 7K B\ & Fimbristylis miliacea (Sp10) |, 7K
Y1 ' Murdannia triquetra (Spl1) | & 8§ Aeschyn-
omene indica (Sp12) . 4544 ¥ Eriocaulon buergeria-
num (Sp13) XA 4E B Paspalum distichum (Sp14) ,
2K F 2N BRI AR, 71 D S U T b X e
W o 1 G |, RIS B 3 T e i v, O A e

TSR FN T T, 2N BIRR AT
£ X8, = EALEE 5 ¥ Digitaria sanguinalis(Spl5) |
2K Leersia hexandra(Sp16) B A Leersia japoni-
ca(Sp17) . T4 F(Spl18) SHHUILH (Sp19) K IH
¥ (Sp20) | B & ¥ (Sp21) | /K U8 3 Ammannia bac-
cifera(Sp22) J&Z& U (Sp23) A& E Polygonum visco-
sum (Sp24) A5 AR, M A R HAE KT 2= M iR
JE 25 5 K AT R TR /A DX, VPG b b DX T
TR B I o S (7 o NS 1 e i o A RS
TR FEALFEFN . 3R TAARR AT A IXI,
FEALFERL(Sp25) A A1 ¥ Eleusine indica(Sp26) il
% Eragrostis japonica (Sp27) .73 15 3¢ Rotala indica
(Sp28) . %% [t Schoenoplectus juncoides (Sp29) . & 17
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T SIS el A R T o 0 P LR 22 B/
DX, AR RIS BOR B LB R 5, e A A2
WK X A] i U

Eclipta prostrata (Sp30) Y& f£ . Lindernia antipoda
(Sp31) . & &7 M 2E Polygonum hastatosagittatum
( Sp32) K B Ceratopteris thalictroides (Sp33 S

0.8
FHR
Annual mean temperature ASpM
1
0.6
ERWE
Annual precipitation
0.4
0.2+
o
E
0.0
&g
N
®
—0.2- Splé A *@ A v
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_— —— AFEET
Climate factor
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B RESIEETH CCA T4 F i A

Fig. 1 Scatter diagram of CCA two-dimensional ordination between weeds in single cropping rice fields and environmental factors

Axis TIUSRIR R, Axis 2 QSRR EEAN, ARARMEFRAHOC R B BAAR 45 XIERR 32 28R, 1, 11, L3 3R0R
1.2 325745, Spl: JorMl; Sp2: /NREHL; Sp3: WL F A Spd: A4 ERE; SpS: MR AL Sp6: T EHFEL; Sp7: ARALEL; Sp8. &%
DETHL; Sp9: BA 2% ; Spl0: /K@K ; Spll: KATHE; Spl2: A Hf; Spl3: #FHiH; Spld: WAL ; Spl5: HH; Spl6: 4=
AR Spl17: fEifd; Sp18: T4 15 Spl9: PRI AL; Sp20: MOKIDGL; Sp21: WG &L Sp22: KIS Sp23: FEAKLS; Sp24: #
3, Sp25: B Sp26: A% Sp27: HLE; Sp28: WS ; Sp29: ik ; Sp30: ff7; Sp3l: YL ; Sp32: KL, Sp33:
JKFR . Axis 1 represents the temperature axis; Axis 2 represents the precipitation axis, and the coordinate value represents the corre-
lation coefficient. The dotted lines mark each area to represent three groups of weeds: I, II and III are the first, second and third
kinds of weeds. Spl: Echinochloa crusgalli var. mitis; Sp2: Echinochloa crusgalli var. austrojaponensis; Sp3: Phaenosperma glo-
bosa; Sp4: Oryza sativa f. spontanea; SpS5: Mazus fauriei; Sp6: Ludwigia prostrata; Sp7: Bidens tripartita; Sp8: Alternanthera
philoxeroides; Sp9: Lindernia procumbens; Spl0: Fimbristylis miliacea; Spll: Murdannia triquetra; Spl12: Aeschynomene indi-
ca; Spl3: Eriocaulon buergerianum; Spl4: Paspalum distichum; Spl5: Digitaria sanguinalis; Spl16: Leersia hexandra; Spl7:
Leersia japonica; Spl8: Leptochloa chinensis; Spl9: Cyperus difformis; Sp20: Cyperus iria; Sp21: Monochoria vaginalis;
Sp22: Ammannia baccifera; Sp23: Sagittaria pygmaea; Sp24: Polygonum viscosum; Sp25: Echinochloa crusgalli; Sp26: Ele-
usine indica; Sp27: Eragrostis japonica; Sp28: Rotala indica; Sp29: Schoenoplectus juncoides; Sp30: Eclipta prostrata; Sp31:
Lindernia antipoda; Sp32: Polygonum hastatosagittatum; Sp33: Ceratopteris thalictroides.

HIERERERENS K AT (FE9) 55, BARHIBATI LA b o 3, H32 2
RGP TR LS fEETR R X 440 XU KRS A KT P R I 7eyil , FLAR S IRl s

2.3

BERE S Je B REIE AT CCA T (K 2) o 453 o,
WL A KRS B 2R R T LAy R . BT
A b A b e TR W AR R X, AR T
(FEA35.41) (N (REAS 31) I CFE . 23) 2

VI R e o N I B BT S e A N N
e 5 R R AT K RURE SRR LR S A TR B
TEMZFEREE P T2 T T RS MR FLES G
FARBIIE7.66% VL L JE T T4+ T HE+id
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IRFAA DT R MU A v . SRR NS
FIEES = G2 B pAy 2 74 M Ui 22 K L AT 9 W 4 X e 2
(AT PG bR b DX, 058 24 (RS S) I T (R
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Fig. 2 Scatter diagram of CCA two-dimensional ordination between sampling site of single cropping rice fields
and environmental factors
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MTTRMKT.2; 30 WM T EEE S5 42 0T 5 52240 60 sadmigasiedl; 7. sxentiifEsh s 8. HUM At
D5 9 BTN DS s 10~11: ZH24TTIRMIT 1,25 12~13: ZI4TTIERENT 1.2; 14~15: GI4HRIFRIX 1.2 16 Z% T BURIX ;
17~18: Mg 8 1,25 19: MM TR 20: SREHTERIX; 21 SATTHILX; 22~24: SHETEMIX 1~3; 25: T
MTAEIX s 26~27: TRHARBETT 1,25 28 TRHZRLIX; 29 TUCHTEIE; 30 FHUTTERIX; 31~32: GMHTREE1.2;
33: NG SR 34: BINTTIRISTT; 35: WINTTFIHE:; 36: MR & 37 M T ERZ T ; 38: M ik & 39~
40 M T IRTET 1.2 41~42: WK E B 1.2; 43 WK EARX 5 44 MK e R . Axis 1 represents the temperature
axis; Axis 2 represents the precipitation axis, and the coordinate value represents the correlation coefficient. The numbers represent
the sample points of each survey, and the number of points is as shown in tablel. The red arrow represents the climate factor (CF.),
and the dotted line areas represent two types of weed communities: Group I represents the weed community in Southeast Zhejiang
Province and Group II represents the weed community in northwest Zhejiang Province. Sample 1-44: 1-2: No. 1 and 2 in Wuxing,
Huzhou; 3: Deqing, Huzhou; 4: Haining, Jiaxing; 5: Pinghu, Jiaxing; 6: Jiashan, Jiaxing; 7: Haiyan, Jiaxing; 8: Yuhang,
Hangzhou; 9: Xiaoshan, Hangzhou; 10-11: no. 1 and 2 in Shengzhou, Shaoxing; 12-13: no. 1 and 2 in Zhuji, Shaoxing; 14—
15: no. 1 and 2 in Keqiao, Shaoxing; 16: Yuecheng, Shaoxing; 17-18: no. 1 and 2 in Longyou, Quzhou; 19: Qujiang, Qu-
zhou; 20: Jindong, Jinhua; 21: Pujiang, Jinhua; 22-24: no. 1, 2 and 3 in Wucheng; 25: Jiangbei, Ningbo; 26-27: no. 1 and 2
in Yuyao, Ningbo; 28: Fenghua, Ningbo; 29: Haishu, Ningbo; 30: Dinghai, Zhoushan; 31-32: no. 1 and 2 in Tiantai, Tai-
zhou; 33: Linhai, Taizhou; 34: Wengling, Taizhou; 35: Pingyang, Wenzhou; 36: Cangnan, Wengzhou; 37: Ruian, Wengzhou;
38: Yongjia, Wengzhou; 39-40: no. 1 and 2 in Yueqing, Wenzhou; 41-42: no. | and 2 in Suichang, Lishui; 43: Liandu, Lishui;
44: Longquan, Lishui.



24 FEGRICAE : WHTAR KA T 2R o fv ) £ 487

ABEFEERWITE THT A AR X R 4
FRFIEANAG R L, FEA% B IR I o T B B L T
ST T AL IR A R PP R AR
TYZRFE IR AL . AN RTARYE EBORE, B 2 28
Z RV IR AR, 5038 DA T3 Ab F 0 2 LI =E 4 3
Shy A IR ) (8 P SRERS , i s R R AR, O
BEYIBREON AR AR A R LR R R R
JETT 7 B S AR RIS, ARG A= ik e ) £k
i, SRR A AR Y FAR

& £ 3 #k (References)

Bai C, Lii J, Ning GY, Zhu ZR. 2016. Occurrence, prevention and con-
trol of weedy rice in Changxing County. Journal of Zhejiang Agri-
cultural Sciences, 57(12): 1974-1975 (in Chinese) [f1i#H, 5 ¥, T
[z, HUEZR . 2016, KBRS M HRE Y A2k, BB S BAG . #i
TAOLRNFE, 57(12): 1974-1975]

Chauhan BS, Johnson DE. 2011. Row spacing and weed control timing
affect yield of aerobic rice. Field Crops Research, 121(2): 226-
231

Chen GQ, Qiang S. 2011. Human activities are the principle cause of
biotic homogenization. Acta Ecologica Sinica, 31(14): 4107-4116
(in Chinese) [ [E 47, stk . 2011, A28 shit S BUE Y F ik
I R E . AR, 31(14): 4107-4116]

Guo SL, Li YH, Wang MX. 1992. An investigation on weed communi-
ty in paddy field in Jing-Qu basin of Zhejiang Province. Journal of
Zhejiang Normal University (Natural Sciences), 15(2): 78-82 (in
Chinese) [FR/K [, 471X, EWIEE. 1992, #r T4 4 HbAE 1 2%
RIS . WIS AR (FL AR RR), 15(2): 78-82]

Heap 1. 2014. Herbicide resistant weeds.//David P, Rajinder P. Integrat-
ed pest management. Dordrecht: Springer, pp. 281-301

Li MS, Cai DH, Yuan MY, Sun LP, Li ZH. 2000. Structure and succes-
sion of weed community in rice fields in Wenzhou, Zhejiang. Acta
Agriculturae Zhejiangensis, 12(6): 325-330 (in Chinese) [Z210 77,
BRANAE, TERRE, IVRT, A5 H05E . 2000. TN AR XS 2% RV
R WA 2R, 12(6): 325-330]

Li SS, Qiang S, Jiao JS. 2009. Effects of labor-saving rice cultivation
modes on the diversity of potential weed communities in paddy
fields. Chinese Journal of Applied Ecology, 20(10): 2437-2445
(in Chinese) [Z= U, 581, FRIRAR . 2009. F2 BB B A KRS H
TIRTIEE Z PR RS2 L N AR ZS 24, 20(10): 2437-2445]

Lin WX, Yao WH, Kim KL, Guo YC, Liang YY. 1998. Heterotic per-
formance of rice in competitiveness with barnyardgrass: I1. inter-
specific competitiveness of rice cultivars and barnyardgrass in
mixtures. Journal of Fujian Agricultural University, 27(4): 393-
396

Liu T, Peng HF, Qin FL, Cui YM, Tu XH, Chen XH. 2014. Inhibitory

effect of different allelopathic hybrid rice and new strains on barn-

yardgrass under two planting patterns. Chinese Agricultural Sci-
ence Bulletin, 30(24): 171-180 (in Chinese) [ X4, ¥ I, R,
Fy, 48 T, TR, BRIERE . 2014, 2 FhFiott 5 20 F AR [k
SERELH A FIHT i F O B R L AR 2 4, 3024):
171-180]

Pan XB, Chen ZX, Zuo SM, Zhang YF. 2007. Occurrence cause and
control strategy for weedy rice in Jiangsu Province. Jiangsu Agri-
cultural Sciences, (4): 52-54 (in Chinese) [ %1%, Brastt, A
B, KLY . 2007, VTR 2 TERE LA B B4 5w . T IR AR
2, (4): 52-54]

Qiang S. 2005. Multivariate analysis, description, and ecological inter-
pretation of weed vegetation in the summer crop fields of Anhui
Province, China. Journal of Integrative Plant Biology, 47(10):
1193-1210

Qin YB, Sun J, Din J, Zhang H, Xu CC. 2018. Current situation of rice
production in Zhejiang Province and countermeasures for the
green development. China Rice, 24(3): 7678, 82 (in Chinese) [%%
I, PIMEE, TR, SR, IRFFTR . 2018 LA KR A P B K
grfo b R RIS AL . P EREK, 24(3): 76-78, 82]

Shirtliffe SJ, Entz MH. 2005. Chaff collection reduces seed dispersal of
wild oat (4vena fatua) by a combine harvester. Weed Science, 53
(4): 465-470

van Calster H, Baeten L, De Schrijver A, de Keersmaeker L, Rogister
JE, Verheyen K, Hermy M. 2007. Management driven changes
(1967—2005) in soil acidity and the understorey plant community
following conversion of a coppice-with-standards forest. Forest
Ecology and Management, 241(1/2/3): 258-271

Wang Q, He JH, Li MS, Dai YY, Shi D, Ye GB. 2000. Weed species
and their damage in rice fields in Zhejiang. Acta Agriculturae Zhe-
jiangensis, 12(6): 317-324 (in Chinese) [ £ #%, {15755, 254 77,
WA, HEAE, - 5HAR . 2000. HTVLAS KA H A% 2 kA R K
F WA AR, 12(6): 317-324]

Wang XG, Xu QF, Zhu JW, Liu R, Wang SR, Liu YG, Lu Q, Wang GR.
2013. Resistance comparison of Ammannia arenaria to bensulfu-
ron-methyl in different paddy rice growing regions of Zhejiang
Province. Chinese Journal of Pesticide Science, 15(1): 52-58 (in
Chinese) [ T4 [, V123535, 43¢, XSS, TFEoE, XL, Fisik,
EESE . 2013, WTEAS )RR D H- R B0 IR R AT P L
A2, 15(1): 52-58]

Wang YF, Zhao XL, He BH, Huang Q. 2015. Canonical correspon-
dence analysis of summer phytoplankton community and its envi-
ronmental factors in Hanfeng Lake. Environmental Science, 36
(3): 922-927 (in Chinese) [ -7 &, X 75 %, f PI#%E, #04H . 2015,
DUE W R R IR TS 5 BAEE D 7 A ML RE AT . FREERE
2%, 36(3): 922-927]

Wang YJ. 2015. Review and evaluation of rice direct seeding technolo-
gy in Zhejiang Province. China Rice, 21(2): 1-3 (in Chinese) [+
4. 2015, WA ELRE RS HOR A Rt e st 5 20 A A oI
fEk, 21(2): 1-3]



488 i N7/ A= S 1 4645

Wei CQ. 2016. The composition of weed community and its influence
on rice yield in Heilongjiang Province. Forest By-product and
Specialty in China, (3): 29-30 (in Chinese) [#] 4 31 . 2016. &P
VLA i P 2 R 6 2H I8 HX K AR e g s ) e [ )
72, (3): 29-30]

Wu CA, Dai WM, Song XL, Qiang S. 2010. Diversity of plant traits of
weedy rice in Liaoning and Jiangsu provinces. Biodiversity Sci-
ence, 18(1): 29-36

Wu SG, Zhao XP, Wu CX, Chen LP, Shen JL, Wang Q. 2007. Research
on resistance of barnyard grass to quinclorac in paddy field in val-
ley area along middle and lower Yangtse River. Journal of Weed
Science, 27(3): 25-26, 54 (in Chinese) [ 575 B, X, S 2%,
PRI, BE R, F3 . 2007, F FE VLR i#AE XS0 =5
MEIIR A BT 2 PERIT ST . 2 224, 27(3): 25-26, 54]

Xu CG, Li JT, Guo JW. 2000. Survey of weeds community construc-
tion of late rice field in Zhoushan. Acta Agriculturae Zhejiangen-
sis, 12(3): 173-174 (in Chinese) [#/=20, R4V, 8446 . Wil
FH UL e T 2% RAE 7 2540 ) A B 5T . 2000. VAL 4, 12
(3): 173-174]

Xu YZ, Ye LY, Ye NH, Ye WH. 2000. Rules and countermeasures of
weeds in early rice fields in Ningbo, Zhejiang Province. Journal of
Jiangsu Pesticide, (1): 32-34 (in Chinese) [k, MK /&, H-fig
4, IR 2000, WL T b DI R FH 248 L B A A B [ Xof
HALIARZ, (1): 32-34]

Yu LQ, Xu ZH, Guo YQ, Xu HL.1999. Ecological control function of

weeds in hybrid rice. Plant Protection Technology and Extension,
19(5): 25-26 (in Chinese) [ MIE , # 1E %, ZAR M, V780 2

1999. A4S ARRE XS A% IR AR AR BRI . b B AR DR S 10, 19(5):
25-26]

Yu SM. 2016. Effects of crop establishment techniques on weeds and
rice yield. China Rice, 22(5): 48-52 (in Chinese) [ B H . 2016.
AN TF B iR 77 0 A B 2 5 R R R ™ s ) S v A
>k, 22(5): 48-52]

Zhang HJ, Zhou PG, Zhao DT, Li XB. 2017. Investigation on weed in-
festation and herbicide application in rice in Zhejiang and Guang-
dong provinces. Pesticide Science and Administration, 38(2): 11-
16 (in Chinese) [ 72 72, Jil B, X AR W, 22052 2017, WiV
V?E*ﬁﬁﬂmﬁ?ii&%ﬁnﬂﬂjﬁﬁ‘ﬁ‘(ﬁlﬁj\*ﬁ. WP A,
38(2): 11-16]

Zhu DF, Chen HZ, Zhang XF, Lin XQ, Zhang YP. 2007. Evolution of
rice cropping system and planting zonation in Zhejiang Province.
Acta Agriculturae Zhejiangensis, 19(6): 423-426 (in Chinese) [ &
oW, PRI, BT, AR, SRR DR . 2007, BT K R b ]
A A SR X A . WA 254z, 19(6): 423-426]

Zhu DF, Chen HZ, Zhang YP, Lin XQ, Wu W. 2006. Status and coun-
termeasures of rice production in Zhejiang Province. Research of
Agriculture Modernization, 27(6): 470-472 (in Chinese) [ < i,
WREEPT, sk 5, ARGETT, S . 2006, WK A= iy BBk 5 0
&R A IURALIFTT, 27(6): 470-472]

(RWAEBHE. T 5F)



