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Weed community characteristics during upland crop season under five paddy-

upland rotations in the western Sichuan Plain
CAO Tao, WANG Tao, ZHOU Gaozi, ZHOU Tonglu, JI Chengyang, JIN Chunlian, LIU Qi, ZHOU Wei, DENG

Fei, REN Wanjun, CHEN Yong "

College of Agronomy , Sichuan Agricultural University/Key Laboratory of Crop Ecophysiology and Farming Systems in Southwest China , Ministry of Agriculture
and Rural Affairs, Wenjiang 611130, China

Abstract; Clarifying the effects of different paddy-upland rotation patterns on the characteristics of weed communities in
upland crop season in West Sichuan Plain can provide an important theoretical guidance for weed efficient control. Based on
a long-term experiment of five paddy-upland rotations, including garlic-rice ( GR), wheat-rice ( WR) , broad bean-rice
(BR), rape-rice (RR), and potato-rice (PR), the weed community structure and species diversity characteristics,
including the weed species, density, plant height, biomass, and other related indicators of different paddy-upland rotations

were investigated by ecological method in the upland season of 2022. The results showed that; (1) under the five rotation
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systems, the density of weeds was ordered by WR>BR>RR>GR>PR, while the biomass order was WR>BR>GR>RR>PR.
Species diversity was ordered by GR>BR>RR>PR>WR, species evenness was ordered by GR>PR>BR>RR>WR, and the
community dominance was ordered by WR>PR>RR>BR>GR. These results indicated that the stability of weed community
was the highest under GR and lowest under WR, but the degree of damage of dominant species was the highest under WR,
and also, the quantity of weed species under RR was small and not easy to harm. (2) The Bray-Curtis similarity index of
weed communities in the five paddy-upland rotations was high, which was between 0.69 and 0.84. Annual monocotyledonous
weeds were the dominant weed life form under WR, while that of the other four systems were annual dicotyledonous weeds.
(3) The kind of dominant weed under WR was the least, which was Polypogon fugax Nees ex Steud, and its importance
value was 59.53%. BR had the most kinds of dominant weed species, which contained Polypogon fugax Nees ex Steud,
Rorippa indica (L.) Hiern, Ranunculus japonicus Thunb, and Mazus japonicus ( Thunb.) O. Kuntze. The dominant species
under GR was Sonchus wightianus DC and Galium spurium L. There were three dominant weeds under RR and PR, both of
which included Polypogon fugax Nees ex Steud and Rorippa indica (L.) Hiern. To ensure effective weed management in
upland crop systems, it is important to tailor the control measures to the specific paddy-upland rotation system in question.
For instance,in GR and PR systems, the emphasis should be on managing fast-growing weeds such as Galium spurium L. In
WR system, monocotyledonous weeds like Polypogon fugax Nees ex Steud should be the main target for control measures.
Similarly, in BR and RR systems, the effective weed management should focus on controlling both monocotyledonous and

dicotyledonous weeds with strong fecundity.

Key Words: western Sichuan Plain; weed community; paddy-upland rotations; biodiversity; dominant weed
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E DX, P N R KU, I XA AR 15.9°C P HIRE I & 1012.4 mm, ~F-34 H BB ECH 1161.5 h,
AT IR T 2014 4F 9 H A9 /K B A /EK e AR50 17,2022 4F 3 H PR B iEvE IR 4r | LR 2 kb
BEACI  BAT R AR . 2021 AFKAFICENS , 2 e ERIZE 0—20 em #F2 HHEELRIAE S an3 1 s,

F1 2021 FRBIERKBKHRE T EEBLER
Table 1  Physical and chemical properties of soil in each rotation system after rice harvest in 2021
e R itéé?}i ﬁH-L%‘ Eces g Exil
Treatment  Soil depth/cm Soil buLk/ pH Organic C/ Total N/ Total P/ Total K/
(g/cm”) (g/'kg) (g/kg) (g/'kg) (g/'kg)
GR 0—20 1.34+0.06 7.51+0.12 19.47+0.21 1.86+0.02 0.87+0.01 21.72+0.45
WR 0—20 1.32+0.01 7.57+0.22 18.08+0.09 1.91+0.03 0.83+0.00 22.83+0.04
BR 0—20 1.37+0.02 7.73+0.07 18.20+0.12 1.80+0.03 0.60+0.02 25.59+0.24
RR 0—20 1.34+0.02 7.51+0.15 18.09+0.39 1.85+0.06 0.66+0.03 22.36+0.01
PR 0—20 1.32+0.03 7.54£0.17 19.33+0.25 2.06+0.02 0.71+0.05 22.16+0.29

GR. Ripgp-/KFEt= garlic-rice system; WR INFZ K AERL R, wheat-rice system; BR: 7 7K L broad-rice system; RR: i SOk R
rape-rice system; PR: LA BE KRR R photo-rice system

1.2 I Ak B

R AR R AL IX AT, 1 AR A VERE A B, 23 3 Ram-K R 4e/E (GR) /N K Fd %t
YE(WR) 2K R ME(RR) (& KREAE(BR) \ B4 KRERIE(PR) 3 REE, 15 /X, /NX R
26 m*(4 mx6.5 m) ,/NX [ SR PSSR, AR RS Z R 55 8 B A [R) , B 2245V E DR H0 Sk 4 % 1
Wk 2 Pros AR IEE PR ME AN 2% 3 R, A AU 4 IR LS B R A T 2 R B 48, BR A 1) S o w07 X sk 4

NS
x2 BEVMERPRERTE
Table 2  Seeding period and planting density of each crop
ot oo s /) i S R
Variety Sowing period Row spacing/cm Hill spacing/cm seedings per hole
JKHE Rice F 1 498 4/10 33 20 2
Kk Garlic b A 9/29 20 6 1
/NAE Wheat JIlZZ 104 10/24 20 10 5
75 /. Beat A 14 10/24 50 30 2
= Rape i 36 10/10 40 16.5 2
443 Potato k6T 12/25 40 25 1
x3 AEMEMHEGEIRR EEEE
Table 3  Tillage, fertilization and management measures for different crops
el e TN '

YEY) HHET R $§W?ﬁ *ﬁ;ﬁ]&ym Fen?ﬁjiﬁ?ige/ Ratf E?igf l;Efi{izer
Crop Tillage ;::hl:f retliji‘;ng (kg/hm?) to top dressing

N P,0,  K,0 N P,0; K,0
JK# Rice et R — 180 90 180 1:1 SAERAT 1:1
Kk Garlic G bt JERT Haid 435 300 180 3:1 (i AEFEAL
/N Wheat Gt LR — 165 99 99 SAERAE SRR EX(=
7% 5] Beat ik LR — 95 95 95 SRR AfERE LAEZEN
%€ Rape St H% — 115 115 115 1:8 1:8 1:8
L4 Potato BBt H#% Haa 165 165 165 SRR SfERE AEREAL

GR Fll PR & RS FF A /K Rl A s — s B R AT
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Table 4 Annual weed control time and methods in different paddy-upland rotation systems

e B ] By SR 44 bt
Crop season Time Methods Herbicide name Weeding object
et 5H 14 bR A wT — AR AT R
Rice season 7 H A AN T E — ] DL BA XL AR B
RS 9 ) R B B — AR T AR BRI S B
Upland crop season 12 A 4] NN — GRS )
4 J] b1 N TR — A DL I R
— R AR HIBR

1.3 ATk R b

ZRELAAE 2022 4F 3 H 30 HAT, BUI oes NAZ A G SR SRS il T AR ] JEERY] A |
FRI HREEIR M, SR A A TR, A/ DX TIOR8 5 AR B AR AR m® ST
FFETT 2R FRRE SRR, I b e B AN B IR 2 R 1 75 C R AL B A R AR

PR N R T R (9 2 BRI M R B R (S) AR T TR T A Ak AP K, M Shannon-
Wiener Z £ PEHEEL, Simpson PR3 AR 4L Pielou 5] FEFR L Fl Margalef “F & B2 S840 45 Hiik My Fh 22 R 1
(R FEE ) P 4% 7 (S 7 i) 2 P T AR 20 T e R B iR 155 Bray-Curtis AR BUT T
R A RIS AR 23, 253 H R AT

Shannon-Wiener £ 551 . H' =- 2 Piln P, (1)
Simpson HEHEHIHL D=3 P (2)
Pielou ¥ 5] JEHREL . J=H /InS (3)
Margalef 4= FEHE%K . H=(S-1)/InN (4)

FHEFEE(IV) = (RD+RF+RH+RW)/4x100% (5)
Bray-Curtis fF 7% AHRIPETE 4K . Cv=2j/( ay+by) (6)

K, P = N/N NS o DMYIFR SRR N A FEDT TR S A% RD \RF RH R RW 7331 AR
FRIAFIXS 65 B ARG AIURE AR o JBE FIURH ) 6 T ) DAy g o e e O B0 5 AL BRI A 2% R RT3 5 7 S RE TS A
5 B RYIFE o IRER A SA R RETE B S BIREG o) IRETE A RO IERBCZ AN b, D RE
7% B IAMAECZ AL, W ERE A FIERE B AR ASRBENEZ AL B = XL Cyatiyh) P
1.4 Hfnib

iz FH Microsoft Excel 2021 Fl Origin 2022b AT R AR AL BN 2 K , FH SPSS 22 G A i B s ,H LSD ¥
BT REASE Y800 22 5 BE T L (o = 0.05) .

2 ERE545H

2.1 AFKRRAER R 2 R i P Fh S5 REAE

H126 5 TN, FOMP AR 0 S 22 Fpu s Jop XTI 2258 14 BH(21 B ) BFip 248 1 BH(L )
B IR R, AR R AR Ze SR SR B 22 R . M ZRFRNIORE | GR B Ze
Fhi 2, 2 21 F; BR BEZR Ak 2, o 17 Fh WR BI0RT RR B, 43051058 15 FRFn 12 Fh, PR 2%
B R 9 Bl MZRER R Sk i IR SR BRSNS S PR EE AR, o iR Sk
L B RO R B 29 o5 T [RI 22 RE ) 60% , AR VER A 28 5% 2 K/ IMR IR WR>BR>RR>GR>PR, Hrh
GR 52 (1) 5 S 3 RT3 SR 8 28 A 5, 40 0 A 14.22 #k/m* .6 #&/m” ; WR BRIl PR 45 2 44 ) 4 Sk o0 9% B de
L AR 356 Fk/m® 91.33 Bk/m® il 5.11 #k/m?; WR B R RGP B 45 i, BR AU B M S A
50, 000 45,11 #R/m* A1 17.22 #f/m? s RR B0 SR 0 ek B RS R, 0 3ok 46.33 #R/m® 42.78
BR/m*F19.22 ¥f/m®, AR VERLT B i s A R e S B R I 2% R AR A lRRAE A S B RS RER
S R AL TS T
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F A 1 AT, WR AR U4 5 B A W f i, PR
[T 3 S R VLU 5= W 1 Ra R B S =i AM [ AD @ PD

K—FhEpr Y RE TE2F ARy, Hh— g ¥ T

MR BT JR R (AM) AR R DL WR BB, N S w0, a

30.53 g/m?, GR BN A REREAE, 2 0.27 w/m®;—4F/EXL £ T

F 245 (AD) A9 BR A1, 4 26.60 ¢/m’®,GR g ¥ Tb
Rz M 25.88 ¢/m?, PR B EAE N 1.06 ¢/m*; £ Eﬂ 20

A UTI4E (PD) A TR DL GR B GRS .

9.19 g/m’ PR LA AL, 7y 0.01 g/m’, &

2.2 AN[FIZK R VR 25 1 2 2w R 28 A B 1) 4 i 0= R  wR BR RR P;

FFAE K B AE B3 Paddy-upland rotation systems

F= T EE RBAS S 2 B ARG P SARE R, B
(IV) = 10% 1 24 BN Ry R AR 2 220 i I&l 2 7]
i1, PR PRSI B e RPN XS BRI 225 land rotation systems
BR . GR EEZRRUN B S, B EE 10 AM, A 0 R, AD: — 4R ST MR, PD. 4R
4 10.57%H130.75%, WR BHEZJLH ek BT wrmhy; oR: KisKF#ER; WR. M oKRRR; BR. %
{54 59.53% . RR 3174 Bk W4 30 4 3 f ke Sk i IR RR: MISE-KFERE S PR DR B IKFERL ;AR
MY 12.13% 19.53% F1 20,620, BR g NI TR REGUN A G 2 5 (P<0.05)
Iz OB GE R B SRR L B O B )
SR 13.80% ,24.46% ,12.94% Fl 24.24% , PR H 7% B 32 R R B | S A Sk BE ) L ER BAE 4 R
15.82% .40.91% Fl1 24.08% , H A0+ GR WR EE 45 ff2/ BR RR PR BB L HFhRIKL
2.3 ARDUKFERAER K FAE R I Z R RAE

WP S BSR4 & B9 BT 24 W R EL, Margalef 3= & B 38 400 i WL 4% 508 7% b 9 W Fh = B A2
BE 6 WA, B EE S MBS H X GR>WR>BR>RR>PR, £ GR 24 M i Z 1 PR Z:E5f
Fi/b ., Shannon-Wiener 6 8UE F 5 FER S BN LR G Z R, S ZFEME 85 B R 9 GR>BR>
RR>PR>WR., Simpson $§ 00T LA VR OO 8B v it | AR BR /DN G50 PR R 7 174) 0 S8R AN T b, T (1) 2 e efe
DU A P G AR ER S A R IR e S D R B WR B3 5 T LB AR, ) WR 24 BRI 1
PRI B ) KA E . Pielou S5 FEFRBUR ML T V& th A B 0 A B S SRR B 40750 8 8 v 150 Y 2 B 94
TR A 1 T AR BB/ R K AR e R S FEFR 2 T 3R GR>PR>BR>RR>WR, K] WR L #H4
KAESEF R A, RR Al BR IKZ PR BUIR, GR IR R A A fE T IR BE A, BEVR RS B8N 2k
B)S)RE R R R R R R E Y TR, R K A ERE R OR 22 MEVE RUe M, WR 2 F BRI R MR 55

R6 TRKERIEEXNEDEEZTREFEZVMSHG

Table 6  Species diversity of weed communities in upland fields in different paddy-upland rotation systems

1 FAEKBHREEXBEZTZELEYE

Fig.1 Weed biomass in upland crop season under different

A3 Yo B ER A ZRMER L (DR B R
Treatment Species richness S Richness index H Diversity index H' Dominance index D Evenness index J
GR 13.67+3.51a 2.69+0.82a 2.07+0.37a 0.19+0.09b 0.80+0.06a
WR 12.67+2.08ab 1.67+0.32b 0.87+0.46¢ 0.65+0.21a 0.35+0.19b
BR 13.00+0.00ab 1.88+0.06b 1.67+0.17ab 0.29+0.07b 0.65+0.07ab
RR 10.00+1.00bc 1.54£0.17b 1.38+0.23bc 0.35+0.08b 0.60+0.09ab
PR 5.00+1.73¢ 1.12+0.29b 1.14+0.34bc 0.41+0.19ab 0.72+0.17a

ARG FREFR R R AR R A 22 57 .3 (P<0.05)

2.4 ANFEZKPERAEB A RAE B A REE A
H2e 7 11,5 FPASVERESCA] Bray-Curtis FEVE A IPEFS 08/ . GR il WR .GR 1 BR,WR FI BR .BR Al
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Fig.2 Important values of weeds in upland crop season under different paddy-upland rotation systems

Sonc: i3 Sonchus wightianus ; Rume ; FRAE Rumexacetosa; Medi: 546 H 15 Medicago sativa; Alte 5 155 Alternanthera philoxeroides ;
Gera: EHEEEL Geranium wilfordiiy Ranu:; BE Ranunculus japonicus; Gali; JER Galium spurium; Pseu: FENHEL Pseudognaphalium affine; Youn
YR Youngia Japonica; Symp: 250 Symphyotrichum subulatum; Mazu ; i SR Mazus Japonicus ; Hemi VB Hemistepta lyrate ; Stel; -3
2% Stellaria media; Lact; R4 Lactuca indica; Cnid: YR Cnidium monnieri; Rori; JHSE Rorippa indica; Erig: INKE Erigeron canadensis ;
Caps: 752K Capsella bursa—pastoris; Vero: FIRIAZEEEL Veronica persica; Trig: BHbSE Trigonotis peduncularis; Plan: S-48i Plantago depressa;
Poly: L Polypogon fugax; RELELL T R B4 B
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R7T TRKERIEBEKXBIEZREREE A Bray-Curtis 1HIUEIEE

Table 7 Bray-Curtis similarity index among weed communities in upland fields in different paddy-upland rotation patterns

Ib P AT FE L Bray-Curtis index

Treatment GR WR BR RR PR

GR —

WR 0.83 —

BR 0.84 0.81 —

RR 0.73 0.74 0.83 —

PR 0.60 0.75 0.69 0.76 —
3 it

3.1 VRIFRENS 2 R (5

-0 2 - T i A AR K R ARV R R R RO A SR T A S e [
- LT R AE AR AR TR T2 40 A, A AEAS SR 5 2 A W R 2 14 2 S5 10 X 2% e S [R5
TEZS (8] A A A7 T, RO A FRBR 16 22 R AR A6 5 40 SR b T LA AN I L 81 SR 0 AR
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