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Abstract: To explore the effects of maize (Zea mays), peanut (Arachis hypogaea), and soybean (Glycine max) straw return measures on

weed diversity in the winter fallow period, the weed occurrence and diversity in maize, peanut, and soybean were quantitatively compared

through a weed species investigation and controlled experiment of straw removal, full straw return, and double straw return. The study

produced several important results: the weed diversity in the soybean field was significantly increased by 36.0% under double straw

addition, while that in the corn field was significantly decreased by 71.6%. Furthermore, the difference of weed flora between soybean and

corn field was amplified with the increase in the amount of straw addition (the Bray—Curtis distance between the two cases was 0.72 under

double straw addition). The response of peanut to straw return was not significant. Different straw qualities and quantities had different

effects on soil carbon and nitrogen. The change in weed community diversity during the fallow period did not affect the development of

weeds in subsequent growing season. Therefore, scientific methods of straw return according to different crop types can control the diversity

of the farmland ecosystem.

Keywords: straw return; winter fallow period; segetal weed; soil stoichiometric ratio; clustering analysis; biodiversity

FH 1] % RS Al A 7 HpOR AT Z0 B 1), i
B, FREAT 245 1 400 3 F0, i E e E AL A
A 1304 F0 78 H [E] 2% 5 R AR A 28 ik 235440
PO A AT R 24 T s /0 51000 7 ¢, FH ]
AR R AR S R G I T LA AR 4, e B A 11 )
I AR AR 2S R G E W ZREVE R S, N 5800
FIFAZ% 5 L 30 -3 R SR P IV E A

1 20 22 70 4R Z JiF , BB 43273 1 0 1T sl
AEALAF R E R L B 197048 )5 , 3 b2 R
FR Tt R IR BT, 3 AP he A 27 B 1 )it PR 1T FR 2 3
60%", Bt A< 25 i K (i FH DA S qe 2 ok A5 4
Ja 19 X R M ) AL, — R 90 A 5 3R 05 s 3 KU 74 6 1Ty
i, H B AR K A T AR 2 ER S, 2k
Ho SR, i — P R BUR AT REAEY 2
FEMERBEIE . AR HAED) ZREE X AERER AR S RS
IR 55 DR Al vl R2k ke B SRR, R g
A TR AR AR A R G YD 2R B HL A A
A e T IR SR E B qnfaf AU ROV AR S R R 2
FEE R i — BRI A = i B h A — X
PEAE [ A= B S PR B A A S e CH:
M AL 2= BR R B s IR s T, B, A& Z
T2 6% 2 A A 2 R B A el /D ok AE Je B R A 9
JET ) FH 4% B Rh TR WK S5 TN R 2 0 ke, i
F7 7K 208 A AR ) % R R A 288 ™) s s o 9% ol o P I
ZRBE L VRV B, BB M 2% R A Wyt 1 TS A A
PR AR AR A A B BB TR T B RR A R R
AT BEE /D15 YL B 34 B[R] IR e AR A TH A 25 R G A iR
TELER , FLARTRI Bl i T BT 2% BT 110 5 i) AN A
] o AR 2o T DA i A A R AR I 2 R 2K K 2
AT AR R R R PR AS I K e R Y
PR 5 B 23 52 0 B ) AR 4 25 B A R 2k
P ARG . R, 38 Y75 22 2 R — PR fb 2E PR

B 16 T BT A BV 10 45 S M2 Al B ol X &R Y o3
A&, AT Ry AR B30 BRAR A B X1 10 B T A7 1
AR

T FFIE FAE N — R e i AR 2 BR B B i6 T-Bx
HIFEAT AL A 3 7 sU A T A 2R RIS 2
VA & S 20050 o Rl RAE PRS-t 2 3 1 )5
ZHEF ERCE R RO A R TR A
WA AT G RE 2 5 1 5 SR B9 309, ] K 44
68 T A 2 T 2 A P R 8 FH ) 57 20 A ik
T R IRE , T ARk —SEbiF I K B, R AL ]
AR FERNPAG ISR (B VASE) R I, S
AR AT A P T L 2 R ) T 17 2% e 1) R A R
XA FAE S ISR e AN Y B
S A 7 AR R AR i — " B A
SEMRIETY e RO IIAE I S R R GE 54 IS AT e
FH 5 RE A% 25 4 = il 2 AR = A R i SV B T A
A W 2 R FT AL I ST RS2 I 2 i Y SE R
WAEA AT L T A RS R K p R 5
PR 0 R T RS AT A e, A S
WFFE R B, B R AT o i A 9/, s (T & 2
Ludwigia prostrata) W A= LU B R 3G fin . B R B 5%
REHE D TIHEY AR BREIRIIRE (HEE
It b A8V 2 PRI B2 P AS BT 0, 0 FH A% PR 1 3
FeOT AT B I BRI DX R B0 R BT 2 it
Hb, A TR DR S5 10 A K A=A I ) RO B A3l 4
LIRS BERE VR HAT TR AN 5 W0 R A 2 AR 7 1 LR
& F A SERN |, R & AR S R G A 2Rk
FRVE 0, R, 4 PR AR B A 25 R 2R MR IR R
] AT

AT 5 T FH 1) 2% 50 f) 5 i) S 36 R Z2 40 25 T AR
—VEWAAEZE AL DA XA [FE YR 57T X RL
TR LR NAGY SFEIA 1 299 FAR R 26 R Y

WWW.Qes.019.CN




m@g 748

ETEETEEEY £a1%5 48

KRG, BAL TAEYI2ER | 33 0 S AR 22
A i B AT f8 38 1 TC 4R 29 1 (Redundancy analysis,
RDA) G, V)28 B 08 4% FH 2% BERE 7% ) 52 e e oA .
F L BIRRW BB R BT T A RE Y S
PR RS RGUR GRS X R AR KRS
SCEER . BRI IS D 0 32 AR R A 7= i
FER M A RGEMBIER YRR Z 08 I 1Y)
FERP IR & 42 23.29% HKF RV i B R ik 3 4
™ 19 28.99%", (R, T B g I R B
Ve COREL K AEAE) RS R FXOE A PRI FH 1] 2% 55
eV BORAFAE DI R BB BT ST, X T IR AP A IR
W2 R R B TR R E X

1 MREFE

1.1 SKIGX#E5

WD ST IR B TTKAR £ 4375 (34°497 137N,
114°18" 18"E), T-HERTH v+ AFH4IR 14.52 °C 4
KRk 627.5 mm, IUE[RI], 2 MR s AR
A, BT R TR A 2 P, R R
M F7 Xz —, FERAEYIAA /N2 (Triticum aestivum) K
K (Zea mays) At (Arachis hypogaea) . K 5. (Glycine
max) JKFE(Oryza sativa) % . A IFEf X B R4S
INAZ K AR M E I 2O ok AEA A
KE AN RAE ABWAFAEAR S LN AE R
O, B EA K, e i AR T2
1.2 E&IT

T 2018 4EHFAT T R A &, SLIR B E T ROk 4B
AR 3 FVEY) , B VR B 3 A B AU A T
I H(DS) &4 H (FS) LKL FEFF 2B (SR) ,
Hoh TR FEFFR M 5 280 kg-hm ™, 64 S FEFF N
1 800 kg+hm™, K& 2F5# 74 2 850 kg-hm ™, &4
AbPRVEE 3N R B 27 T BENLIX 40 A7
FEAFETT R/ R 10 mx10 m, B 257445 98 KT 0.5 m, B
PRRE iR B L 1R o E 2020 4F 4 J] 28 H i1 7
3FMEY BR8] E RS R IE R IR (BRE BR
A, F 2020 4F 10 ARSI TR o ok e, ZERS #F
LBRAC IR BIRE Ty N B BT A RS AR IRl s 7E e A AT
A H AR IR RE T N R R R 3 B 1~5 em K B
JaE e T 3%, A R ORI T BIEE . AERUE RS AL
FH A SZH B4 7 N 2 i P A T e A AT I HH A 3
*ﬁﬁiFﬁ*?ﬂi HAEFE AN LT T B

3 REYMIBE LIESKENE

2021 4 4 J]VEW 4 Tl X 4 PR FH 2 B i 7 ol A

1% WHART]

[ ] F K Maize - K Soybean I A Peanut

& 1 HE R R E
Figure 1 Schematic diagram of field plot

T AT AL AT, AR O IE IR 2 R BRI B
AT PR BRI T, 5 B D7 A/ NN 1 mx1
m, JF I 2% TDR/MUX/mpts 7K 5300 5 {SOR A 5 A 4
AR SR EHATIE . TOAEMAERKEEM
[FIRE AR A T AR K R R R
1.4 TIEEUHER 4h3E

2021 4 4 A X 45 Ak PEAE T K= 14 (0~5 em) i
AT HURE | 2R FH Bl BTLESURE 32 00 31> A 38URE 5 B S 46 1
REN D2t M AR S8 % BT 2 mm i
ZERARR MR AEY), 582 KT R A 0.15 mm
it , A 2 8 5 o0 K M1 (vario EL 1, Elementar,
Germany ) I 7 4 38 S0k ALEV R 12
1.5 ¥iEaE

FI ] Shannon Z 452 (H" )  Shannon 2] Ji&
F8E(E) Margalef ¥ # F & &8 H0 (D) 3 M8 F5 2K
TR R R AW Z R, Horb HY RE A% X H 8] A% B2 )
Tl B LA S Rh ) &) JE - AT 25 5 L E BRI 1
FH 5] 4% 51 v R0 at 20 A1 (9 X SRR | D RE 6 7 52y
EARFRE PR R R, HataALh .

H'=(NInN-Y n lnn)N™

E=H'(InN)™'

Dye=(5-1)(InN)"!
AN RS TAFE 1 mx 1 m 82 AL BT AT 24
B RV, n A AR 1 mx D m R A 1R P A
TP AR B B R0, S AP A RE DT 1 mx 1 m 2 1 A

B MPACR

i RGui 4.1.1 X S [ A 1 3 FH Ak 31K AN [W) £
PRI S B RRR BREEE JH E D 5K
iﬁﬁ?xy\.%ﬁﬁﬁ’*ﬁo H RGui H 1Y vegan X% K
KRR GREFT AL BT A A FERE IS EAT 3 T Bray—Cur-
tis PE 2 A9 AE B i 2 4 RUE 43 A (Non—metric multidi-
mensional scaling, NMDS) . i 1 RGui IAE ) Fl 2 43
ZH B4 T A BRAE N 1) BT AT i R B R AT )
43T (Principal component analysis, PCA) . {#i F§ RGui



BT IR L 45 AN[RIRE A g G2 PRI AR 238 B 22 AR PR A R ) 749

H ggplot2 HEA T IEIIE Al HRAE
2 KR5S

2.1 HEIZREYMARRFEFREME
2.1.1 AP F B AR A A B S AR R 2
AR I 22 AL 16 7, 40 )@ 12 R 16 )8
(F 1), Hrp 3584 )8 40, 5 SR B BB By
25.00%, R KAFP I I R RE O e R 2 )8 2
il o AR R R R 12.50% ., X SR FRL KA
B AR ISER M SR BOE IR B R
A LR RREHS 1IE 1Rl 43500 5 B SRS A

6.25%. H,—4F ARG 6 F, ZAR AR IR A THp,
2 A 3R, 2l o SR 37.50% .43.75%
F118.75% , AR AL HAT O b, i A FhE Y 56.25%
2.1.2 AR FE B R PhA h M AR R
HEAED AR S SCIRRE s N B9 B2 B0 128D,
r)E 8B 12)m (£ 2) ., Horp  RAFRL3JE 3R, 258} 3
J& 38, 3 by BRREOR B R L) 50.00% , R KRR
REPIRE, RERF IPRRE 2R S U5 0ER e Ak
FEOOERNAS LB 1A, 23 00 7 B R B S R R
8.33%. M, — M AEFF A 10 F, 5 SR EW
83.33%, 241G B AR 2 Fh, 5 BFhE16.67%, o

xR ERNYPHEFEEREMHZE

Table 1 Main weed species in winter fallow field

Fl Family J& Genus i Specy HE TG SR Life history strategy 2RI Origin
%5 F} Serophulariaceae YEUEYN )& Veronica B[ L BEY) Veronica persica — o AR sk
#2F} Chenopodiaceae #2)& Chenopodium IKEREE Chenopodium glaucum —AEE A+
RAF} Poaceae M) RS Setaria B H Setaria viridis — AR A+
F17%} Caryophyllaceae T3 @ Arenaria T3 Arenaria serpyllifolia — B AEA At
VFELR} Cyperaceae PR Cyperus T Cyperus rotundus ZAEE Hhke
4% Asteraceae “KEHE Erigeron /IR Erigeron canadensi —4E sk
4% Asteraceae T IR Ineris IS Ixeris polycephala — 4 hhke
MI3E 8L Onagraceae LBk J&E Gaura IBEEE Gaura lindheimeri EZ A
WY AEEL Papilionaceae &8 Medicago AL ETE Medicago sativa ZAEE At
[“FAER} Cruciferae HEU 85 )8 Descurainia HEURLES Descurainia sophia —4EE At
T FAEF Cruciferae 28 Capsella 3% Capsella bursa—pastoris — B AR Hhske
Z45F Compositae YA E Bidens LS Bidens pilosa —A4EE Hhke
Bt 4 50R) Oxalidaceae i 3 2 Oxalis B 85 Oxalis corniculata LA At
a2 L} Geraniaceae LR Geranium B Geranium wilfordii Maxim. LA Sk
B} Asteraceae 55 I8 Aster 2555 Aster tataricus AR bk
KHRFE} Cannabaceae HET B Humulus HER Humulus scandens LA A+t
R2 REERFTEHEREME
Table 2 Main weed species in subsequently growing season
B} Family J& Genus fil' Specy A BB Life history strategy SR UE Origin
RAF} Poaceae Y FE & Digitaria L 1% Digitaria sanguinalis —4E N o
KA} Euphorbiaceae BRIZE )R Acalypha BR V03 Acalypha australis —AFE A
P HE} Cyperaceae RIS Cyperus M7 Cyperus rotundus — AR A+
4B} Asteraceae i8)i% )& Eclipta 887 Eclipta prostrata —AEE A
4%} Asteraceae W YRR Lveris T 32K Ixeris polycephala —AFEA Ak
RAFl Poaceae TR EJE Setaria Ji 2 B Setaria viridis —u A VNG
#F} Chenopodiaceae #iJ& Chenopodium JKEEEE Chenopodium glaucum — A4 R
ik 3R} Portulacaceae 145 35 Portulaca k3 Portulaca oleracea —AEAg At
JiEAER} Convolvulaceae %24 J& Pharbitis #:4 Pharbitis nil —AE bk
RAF} Poaceae R Eleusine *FiHE Eleusine indica —AEAE At
HFE Amaranthaceae I Amaranthus 8 Amaranthus tricolor —4E Sk
25} Asteraceae LB Bidens YLEFE Bidens pilosa —AEA Hhk
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Figure 2 The Non—metric multidimensional scaling(NMDS)

based on Bray—Curtis distance of weed flora in winter fallow

period and growing season
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Figure 3 The Non—metric Multidimensional Scaling(NMDS)
based on Bray—Curtis distance of weed flora in fields of three

different crops under two straw returning treatments
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Table 3 The Shannon's diversity index, Shannon’s evenness index and Margalefs richness index of weeds in

three different crop fields under different straw treatments

YEPIZET Crop FEFTFIA 5 3 Straw treatment Shannon ZFEPEFEECH Shannon 21 BEFEELE Margalef ¥ 3 & JEF5 L Duc

F K Maize SR 0.67+0.04Aa 0.20+0.02Aa 1.70+£0.21Aa
FS 0.50+0.03Aa 0.16+£0.01Aab 1.54£0.18Aa

DS 0.19+0.05Ch 0.08+0.01Bb 0.54+0.13Bb

4 Peanut SR 0.50+0.07Aa 0.14+0.04Aa 1.44+0.32Aa
FS 0.57+0.13Aa 0.16+0.04Aa 1.21+0.43Aa

DS 0.50+0.10Ba 0.15+0.04Ba 1.58+0.27Aa

K& Soybean SR 0.50+0.08Ab 0.15+0.01Ab 1.38+0.35Aa
FS 0.68+0.09Aa 0.19+0.03Ab 1.87+0.44Aa

DS 0.63+0.03Aa 0.27+0.02Aa 1.73+0.17Aa

TE AR RS P RN A R 2 B 0] 22 5 9 B35k, ARG P REROR R R E YA R RS AT A8 AL R 28 5 A 251k Tl
Note: Different capital letters indicate the significant difference among different crop types of the same straw treatment, and different lowercase letters

indicate the significant difference among different straw returning treatments of the same crop. The same below.

F4 9FARE 4LEE T HE 8] A Bray—Curtis BE 5

Table 4 The Bray—Curtis distance of nine kinds of plots under different treatments

Qb3 Treatment 52 S1 S0 M2 M1 MO P2 P1
S1 0.53
SO 0.61 0.43
M2 0.72 0.63 0.54
M1 0.54 0.42 0.35 0.42
MO 0.53 0.41 0.40 0.47 0.27
P2 0.61 0.47 0.39 0.53 0.27 0.28
P1 0.66 0.45 0.46 0.59 0.38 0.31 0.31
PO 0.67 0.49 0.45 0.62 0.42 0.34 0.31 0.27

TE : SOfURFEFF AL BRAL R (R Gt , S1ACR AT RS FFIL FAL TR (9K Gt , S2ARFRBUBEFE FFIL FAL IR (9K St , MOARAEFTREER T 10
Kb, M1 AR R A RS ARG FH AR BN 19 oK b, M2 AR SRR RS A AR BN 1) £ oK b, PO ARRFG AT RS BRAL T AL A= 3, P1ARR 2 i A AT A6 AL
BN A6, P2 ARF ARG FFIL AL BT 9464 1l

Note: SO represents soybean land under straw removal , S1 represents soybean land under full straw return treatment, S2 represents soybean land under
double straw return treatment, MO represents maize land under straw removal , M1 represents corn land under full straw return treatment, M2 represents corn
land under double straw return treatment, PO represents peanut land under straw removal , P1 represents peanut land under full straw returning treatment , P2

represents peanut land under double straw returning treatment.

x5 ARIEHFEZSAET 3 FREY Bt HiEBE SR
Table 5 The soil physical and chemical properties of weeds in three different crop fields

under different straw treatments

=7 AP 5= 2 9587 e 95813 AL K
Crop Straw treatment Total nitrogen/(g-kg™) Total carbon/(g-kg™") C/N Ratio Water moisture/%

F K Maize SR 0.49+0.01Aa 15.36+0.16ABc 31.43+0.52Ab 32.23+1.30Ab

FS 0.52+0.02Aa 17.18+0.57Ab 33.06+0.70Aab 40.30+1.04Aa

DS 0.53+0.03Ba 18.65+0.80Aa 35.14+1.25Aa 42.03+1.53Aa

A6 Peanut SR 0.47+0.02Aa 14.19+0.27Ba 29.98+0.80Aa 30.63+1.50Aa

FS 0.47+0.03Aa 15.42+0.30Ba 32.60+1.63Aa 29.50+0.60Ca

DS 0.45+0.02Ca 15.41+0.36Ca 34.41+0.75Aa 30.63+0.55Ba

K Soybean SR 0.49+0.02Ab 15.99+0.17Ab 32.43+1.25Aa 30.63+2.05Ab

FS 0.54+0.02Ab 16.19+0.56Aab 29.97+0.87Aab 33.63+0.64Bb

DS 0.64+0.04Aa 17.31+£0.44Ba 27.31+2.12Bb 39.9+0.82Aa

WWW.Qes.019.CN




NEG"?

VRETS Rt Y F41EF 45

[F] A A 40 288 78 A6 AN () s Ak BT 1) - B8 BBk
P HARR IR . K& i DS>SR(P<0.05) , i 7 &
K BN DSSFS>SR (P<0.01) , 4645 i+ 38 Rk
Fr R AE AR RS FFAA A B R ¥R B3 0 fE FS Ab B
T, KRR EH A R R B S TR
H1(P<0.01). 7E DS AT, 3 FfE 4 2 A0 H Mo 1 158
S B i Y 25 SR BN K> K >4 A (P<0.01)
(#£5),

AN [ A B ] ) 4 3 R L 2RI R - K b DS<
SR(P<0.01) , K Hb iy - 5 fe L bL Bifi 75 7% A1 6 H 3t
BB T TR, FEAE DS AR BR R ik %) B (P<0.05) , #E
Az 1l - SR Z8 LG U)X G A A FH A BTG Sk 2 1, AR
FS AT, 3 F /4 HH b ] 4 S8 40 HLJC B 25 22 5%
I 7€ DS AR BER |, oK G M i 1 3 Ak R HE 22 I8 25 (P<
0.0 DK T H AP FEY) H dth (2 5) .

T RTS8 - 45 5 K R XA [ A 3 FH Ak R
A i 07 8 25, T A4 b 1 39 55 7K U)X G 38 Ak
PR AMUR . Sk E BRI . Ke
DS>FS \DS>SR(P<0.01) , K H FS>SR . DS>SR (P<
0.01), 171 3 Ffft AT 14 FH Ah BT (49 46 A= i 3985 /K i ]
M2 B E . AREYHE R 385 K& TE FS
B PR Bk, B B oK> KR E(P<0.01) | B 2k>
A4 (P<0.01) K G > A (P<0.05) , 7E DS AL HL R oy
FASTEAE (P<0.01) KESTEAE (P<0.01)(£5).

3 e

3.1 ANEFEFFIE EALIERT 3 Fh e & R HEA H 8 5 8
EMEESN
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PABAEFHE S B . 1K GRS R S s ) 2% 5
ZFEVESETE AT RS f T AN RS AP AR B s Ay
AR T AR I A, [AI4 va JL R E AE A
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SRR LT B D, S 2Bk SR HE AR X AR A R LA
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li] 3 A SRR, IR 3 S L
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Figure 4 The principal component analysis(PCA) of plots for
different types of crop
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