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Effects of different soil tillage systems on weed biodiversity and wheat yield in

winter wheat ( Triticum aestivum L. ) field

TIAN Xinxin, BO Cunyao, LI Li, XU Dongdong, NING Tangyuan* , HAN Huifang, TIAN Shenzhong, LI Zengjia
State Key Laboratory of Crop Biology ,Shandong Key Laboratory of Crop Biology, Shandong Agricultural University, Taian 271018, China

Abstract; Conservation tillage methods, including zero-tillage, rotary-tillage, harrow-tillage and subsoil-tillage, are widely
used in Northern China because of their positive effects on soil fertility and water conservation-which provide greater
economic benefits than conventional tillage. Tillage methods affect not only weed biodiversity and density but also crop
growth. Reasonable control of weeds is an important guarantee for higher crop yield. However, the effects of the interactions
between tillage methods and weeds on crop yields in Northern China are not clear. To investigate the effects of different soil
tillage methods-with and without herbicide-on weed density, dominant weed species, and the yield of winter wheat, an
experiment was conducted in 2008 to 2009 on a winter wheat-summer maize cropping system incorporating two crops a year.
The wheat-summer maize cropping system is the main cropping system in the region. The experiment took place at the
Agronomy Research Base of Shandong Agricultural University, as part of a long-term experiment begun in 2003. The
Shannon diversity index, Shannon evenness index and a species richness index were used to investigate weed biodiversity. A
split plot design was used incorporating five soil tillage methods; zero-tillage, rotary-tillage, harrow-tillage, subsoil-tillage,
and conventional tillage. Seven weed species were recorded in the wheat crop: Descuminia sophia (L.) Webb ex Prantl,
Capsella bursa-pastoris (L. ) Medik, Avena sativa L. , Convolvulus arvensis 1. , Cirsium setosum ( Willd. ) Bieb. , Stellaria
media (L. ) Vill. , and Lithospermum arvense 1.. Without herbicide, weed diversity under zero-tillage and subsoiling was
significantly higher than under other tillage methods (LSD, P <0. 05). With herbicide, weed diversity decreased

significantly. Without herbicide, the dominant weed species in the no-tillage, subsoil-tillage and conventional tillage plots
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were Descuminia sophia (1.) Webb ex Prantl and Capsella bursa-pastoris (L. ) Medik, while in the rotary-tillage and
harrow-tillage plots the main species was Descuminia sophia (L. ) Webb ex Prantl. With herbicide, the dominant weed
species under all tillage methods was Descuminia sophia (1. ) Webb ex Prantl. Without herbicide, species richness and
evenness of weed community under harrow-tillage and conventional tillage were higher than with other tillage methods.
Weeds and their interaction with tillage methods significantly affected wheat yield and composition. Wheat grain yields were
increased with the use of herbicide, and subsoiling tillage gave the highest grain yield of the five tillage treatments. At the
heading stage, the height of weed plants was close to or even exceeded that of the wheat, which could induce light
competition between weeds and wheat resulting in decreased grain yield. Without herbicide, increasing weed biodiversity
decreased weed density, while the wheat yield was still lower than in plots treated with herbicide. Subsoiling with herbicide
gave higher wheat yield, mainly because of the effects of tillage methods, weeds and their interactions on light conditions

and other resources.
Key Words: soil tillage; weeds; biodiversity; competition; wheat yield
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T S B % R ) T RS B St S PR B AN AR B S R R 1O R T AN R AR
PR R HXHERI R REm , A, AR SCR G IE T A FRHER G 1 T 4 /N H s s Y 2Rt L S /N2
PR Z AN OEFR U 3R E L 0 4 /N2 B oK — A I A FH ) ] R % SR S (I B AR Al A R SR
1 #MREAZE
1.1 5wt

RIS EHHE T R BB R R GRS , BEIr = £, a5 bk (Z) JERF(R) |
FHECH) TR (S) CEIBHE(C) o EBME NI B RBR 2SR (W) FIBRZZHE(N)2 ASAb 3 3 IKE &,
NXTARUA 15 mx8 m, PIR R EHAIE 10 NEFE, 4350 B R PR A5 (WZ) JEFFARBRZ 5 (WR) A
FERERZYHE (WH) RIS RBRZRE (WS) MR ZYH (NZ) EHFERZ4 B (NR) AUHFBRZe 8T (NH ) IRFARR 2 L
(NS), LUH HUHEERBRZL 5 (WC) o HFEERR 2255 (NC) S0t IR o F TRV T « e dt S 3 ie akAIL e il 9
WK AENV IR EE A 8—10 em s HUBFR FH S DR R, [ ST MV IR EE N 12—15 cm ; AR A il ¥ 78 PR
55 AR IREE 40—45 em; H PR SRR, R BRSO 20—25 em, BRMHIME T X E LN 5 a,
Pl 7 O 2N - BRI PR B B A /N B AT HEAT K B B Al v 2 B2 0] 759 B AL T
BT GBI BRARARI IR R 25% ShA7 BEIR A WEitE , 245 750 4 VRN T v 15 A A A BR A R A 7™ it 75% B A
TR 0.015 g 125% &M 4.5 kg/hm® , 3.7k B 450—600 kg/ hm? | BE55 2ol T+ WS-8 A" [ 451
Fok, Z/NEBERSFTEAE 20 5,2008 4F 10 A 11 H#ERD, #7290 kg/ hm*,2009 4E 6 A 10 HUksk,
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S TFIRATHI(2009-04-06) ] (2009-05-01) JEIZ W] (2009-05-23) JlZA 4] (2009-06-10)4 4~HF 1)
PAAr, HROSREL A A A R DR B e RS R A i ARk DA BRSO RK 1 m BE 3
ATHE(/NEATIEA 22 em) BYIKIR, WSOER AN 7= F1 28 Y 25 B, 0 A6 /N2 R Rk, TR e 7 i, HAH
X488 (/N DX Hp R Ao 4 e 1 425 I A /N DX v T A % B ) 8 8 =2 ) A S A B R A e T AR B AR b, TR
Shannon ZHEPEFEEC(H') . Shannon Y2 FEFEEL(E) Margalef ¥)Fh £ & B85 (DMG) =Y ZREVETR R, H
JEXT H (B A2 B A = & BE AR 2 5] BE ) 5 5 S B 20 HH ) 4% BB VR TR O [R) 2% 50 22 (R84 3 20 RE
HY IR DMG S % — 8 A i H ) e B v A R i i, O R a0

H' = (NlogN - anogn)Nfl (1)
E =H (InN) -1 (2)
DMG =(S -1) (InN) -1 (3)

A, N AN Im? TR 24 B LERE n DA/ DX Im? NIERR S BERORR AR, S /X H Tm® Y
AL e
1.3 HlEgeit

JH DPS 1 SAS X #1758 11538, ] originpro 8.0 #ATER

VERI 393 Bt H a6 A S o 503 Dy X2 8] BFVESSIE | 2% R Ak B IR 3R S8 B0 (1R 22 5 Ry, 4% 870
Jiv 5 R A28 S DR/ N FR HC T 7 A R 5 MR AR, 358 AR PR 3R 2% e TR 3R B S B8O A g (4% 3 o i 5
AR A AR ST L) AR

BHEAERI T (%) = ?g%iﬁig;ﬂ; x 100% (4)

JuEr AR B 37
Jur _AREAERCPITRD
HREAE (%) = REE TRE S ke 00% (5)

R AREL /37
ZHAERII(%) = é%%iéigigi x 100% (6)

2 ERESWR
2.1 A[EIHYIR R R A

HIZR 1 A] 0, BEVERE R AR A5 B F 0 /N A2 TH 2 R RV A B, TERBR B IR R /NAE 4R I A
WEEIRE] 10 BR/m? DLL TRRATI G A BES 4 2% 4 B R 5 SRR 4 o 2 0 8 0 5 2 0, B e
BEAL PRS2 Fe i BE W] S0/ o R R A B0 2% R R W 5K TR BR A AL B

®1 PDETREERBERERETEEZR

Table 1 Weeds density under various treatments at the different stages of winter wheat

P RRE m? TR A TR m? TES I FARA m?
Weeds number at wheat jointing stage Weeds number at wheat heading stage Weeds number at wheat filling stage

WZ 57.58+7.88a 39.69+2.33b 19.39+6.21b
WR 13.03+2.25¢ 21.52+3.86¢ 23.03+5.56a
WH 11.06+1.56d 13.33+3.02e 3.03+0.85d
WS 36.67+2.01b 43.94+7.95a 9.09+3.32¢
wC 10.98+1.88d 15.45+4.38d 3.03+1.24d
NZ 12.73£2.27¢ 1.52+1.01h 0.30=+0.20e
NR 10.00+2. 46e 3.64+0.76¢ 0. 00f

NH 2.88+0.54¢g 3.03+1.32¢g 0.30=+0.20e
NS 11.82+3.37d 3.64+0.76d 0.30=+0.20e
NC 6.36+1.87f 5.76+1.95f 0. 00f

WZ: AR BRASTE ; WR BERFARBR AT s WH AU RBRASHT s WS TRAA AR BRAS T s NZ: o BFBR R B 5 NR: BEBFBR 2% 75 NH RUPFBR 2 75 NS 74
FABRIRHT ; W 3 UPFEARBRASRE  NC . UBFEBR AT, R b Bt D 5 B A2 I8 [R) — SRR 5 AN [R) 7 s b B A 22 57 2.3 (P<0. 05)
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2.2 HhEEL I RS

FH TR 3 2 R, it AR ) 24 B M IS A /N2 A A 5 S0 A A SR 0 A T L 3K IR 301 199 2 B o) /N 42 A
KiK. MR 2 Al A, /ANE - A a WARRE 2 0 1 AR A0, W $6 22 8 ( Descuminia sophia (1L.) Webb ex
Prantl) 5% 3% ( Capsella bursa-pastoris (L. ) Medik) 33 (Avena sativa L. ) , FELE ( Convolvulus arvensis L. ) i
JLZE( Cirsium setosum ( Willd. ) Bieb. ) \Z2% (Stellaria media (L.) Vill. ) .22 %/ ( Lithospermum arvense L. ) ,
RERFRAT T RA MR 2 TERE T b ORERE ST AUAT AR AN TR b B Y 2 R 2R 24 1K 51 4
i, AR 3 i, FERBRFRAFT W) —FPBE 7 XA [R) 2 R85 BE AP AR SR 22 00 AR B 22 S B 3,
Gabb R H FPHE R S AR 8 SE38(>20% ), edk FOHFAIF TR R EHE (£3) ., B
BN, 5 FARHE DT R LI Ry HR 28 . SRR /N2 L IR 3 Ae R 22 T8 RS o /N AR K
RE R

R2 NEREHTREMELETRENMERERE

Table 2 Weeds species and their densities under different tillage systems at the heading stage of wheat

LB AT % ¥ Density/ (FR/m?*)
Weed species \ ¥/ WR WH \E wC NZ NR NH NS NC

A Descuminia sophia

(L.) Webb ex Prantl 31.21a  20.91b  10.6lc  32.73a 9.09¢ 1.52f 3.64e 3.03e 3.64e 5.76d
g ebb ex Fran

3 Capsella bursa-pastoris

(L. ) Medik

HEFE Avena sativa 1. — — — 0.30 — — — — — —

8.48b 0.61d 0.91d 9.70a 5.76¢ — — — — —

M E4E Convolvulus arvensis L. — — — 1.21 — _ _ _ _ o

B JLSE Cirsium setosum

(Willd. ) Bieb.
B2k Stellaria media (L. ) Vill. — — 0.30 — — — — — — —
F RN Lithospermum arvense L. — — — — 0.61 — — — — —
S Total density 39.69a 21.52b  13.34c  43.94a 15.46c  1.52f  3.64e  3.03e  3.64e  5.76d
2 Species 2 2 4 4 3 1 1 1 1 1

WZ: T ERBRISH  WR BEHFARBR 245 WH ATBER BR A B WS IRFA AR BRAYRE  NZ: S BEBR 2% 75 NR @B IR 22 0 5 NH AT B BR 22 755 NS - 8
FABRZRH s W H B EARBR A R NC W U ERR 28 R P B 5 W B V-39 18 ; [l —A17 80i5 AN R 58], Fom Al —Fh s e A R EE O =X
AR PR 25 5 25 (P<0.05) ;—: A P BA ZBIZR

®3 NEMEPTEHEAXLE TRENENZE

Table 3 Relative densities of weeds species under different tillage systems at the heading stage of wheat

4B % Density/ (Fk/m?)
Weed species WZ WR WH \E wC NZ NR NH NS NC

F2 85 Descuminia sophia

(L.) Webb ex Prantl 78.63a 97.18a  79.54a  74.49a  58.82a 100.00  100.00  100.00  100.00 100. 00
. € ex rran

3% Capsella bursa-pastori
7oA Capsella bursa-pastorts 21.37b  2.82b  6.82c 22.08b 37.26b — - - - -

(L. ) Medik

MR Avena sativa L. — — — 2.75¢ _ o o o - o
M €4t Convolvulus arvensis L. — — — 0.68d — — — — — —
Bk Stellaria media (L. ) Vill. — — 2.28d — _ _ _ _ o o
FHK4S Lithospermum arvense L. — — — 3.92¢ _ o o

WZ . HF AR BRI R WR L BEHF AR BR A B WH ATHER BR2Y R s WS VR A R BRI 7L s NZ . kbR 2% 5 NR . JEHFBR 2% B0 NH AR HFBR 2% 5 NS IR
FABRZS B, WO W MU E AR PR B0  NC . W IHERR 22 B0, Rrh Bl 5 R EIME ;6 — 30 BR8] 7Bk 36 % A T A) 22 57 .35 (P<0. 05)

2.3 IR AR
HIZE 4 WAL S TRTREVE D7 30 2/ I 2R e A W) SRR PSR RO A AR . RBR B SR PE R B e LBEE 1
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Table 4 Biodiversity indices of weeds under different tillage systems at the heading stage of wheat

i { ZFEPEFEEL The values of biodiversity indices
Item \¥4 WR WH WS wC NZ NR NH NS NC
DMG 0.27 0.33 1.16 0.79 0.73 0.00 0.00 0.00 0.00 0.00
E 0.06 0.02 0.12 0.08 0.13 0.00 0.00 0.00 0.00 0.00
H' 0.23 0.06 0.30 0.30 0.35 0.00 0.00 0.00 0.00 0.00
WZ: B ARBRZA T WR BEHF R BR AR WHATHE R BRALRE; WS  TRAN AR BRI NZ: G BFBR 2% 050 NR  BEBF IR 2% 50 ; NH ATBE R 24 5, NS . 3
FABRASHE ; WC . B BB ER BRI H  NC . 3 HUBHERR A4 RE ; DMG : Margalef ¥ = 5 BE46 4 H' : Shannon 2445 %4 ; E : Shannon $55) FEFR %L

2.4 NEE R

FAE I, AR BR B 22 B /NI bR v i TR R AL FE
B AN RR D s R BRELS ERE . H FUBEE 1Y 22 5 kR
R R TN SRRk R A BR RS AR R E Y
FEEmT/ANEE L), BRI SRR IR E AT
W AR BR R, BER H R E 22 B R m AT T/
bk AR R 2 R /N MR i AR, X
RSN R G TE G FIUIE K SE 4, 52 /N (1) 3
I NTRRAR T /N2 Pt
2.5 NEFEA RSN R =S

AR ER AN [RIFEVE AL B 7= B R HA iR 2R 2% 57 "WZ WR WH WS WC NZ NR NH NS
BE(FS), WHHHE T2/ A R s S b remens
ROPE AR ERE BRIV DB 22 SR B BEEE B NERESA) MERE(R) A ESRERE L
*ﬂ(%ﬁ&ﬂ‘lﬂ%f%*ﬁﬁiﬁf%o ?*ﬁi )rlIJj\]ﬁﬁE*ﬁ'ﬁﬁE%ﬁ' E/‘J Fig. 1 Height of wheat and weeds at the heading stage (A) and
B, FEARBHEST BEH R, RO N gn;;;i;::z;fﬁ;:irME-WH AR B 2 4, WS
HLBHIE AL DAL IR, S pphy 7 BB rﬁMr&@zruéNz m#rsée4°¢NR eBh iR A H R

BRECIE AN 2] Fe A PR AR B e s, v, WO A BB B 2 08 NG LB A
WA BEER(RS) , WIHHEABE A AR U =,
YRR TR FALHE | S B Ab B A SRR I T Ay 4 FoBEE T =0 TRAA R RUBEAE B R 550 3 & T
HE BEREFIALEE ; &R0 BR[0T R A B 25 5% . /N FPRL™ & ATR A B 5, LU AR BE e 5 AL
HEVEALEE | ARl e fE A 2

YER 153 A 26 B, BRBVERE it X R ES 2 i N B 28 O | 2% R R it X A 7 i B A B R 2R 3 A
FEL RN R, A Je R VE R IR (3R 5) o [RIE  BFVER I 5 22 Xt /N e g M i R R
HIZEHAEH
3 iFig

BEVERE I 2 R A T 3 R ) B & 22— Sl e AR A g B R R B i A 9 7 R B
B ARHIFFE R R S A RV R T AR R A BRI A, ORI AR S 4518 R — 28 Y, EEE
PR IRAMEMV IR BE N 45 em 1% T AURZ BN T FER BT K50 A8, [RIBTEE I T VEIAR R 8 = a2
fe 1 IERERH A B0 e 2 L s I T AR IR AR A R, R, 7E /D e bR — e AR Y
e - N7 ATRRA 3 B HE 6 A R T T ) SE B = = R s 48—

NS

Plant height /cm

%
L
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Table S Wheat yield and its components under various treatments

b F ANV LR THiE KPR
Treatments Spikes number/ (x10*) of per hm? Grains per ear 1000-grain weight/g Grain yield/ (kg/hm?)
WZ 562.00d 26.17b 32.92d 4838.38g
WR 673. 50bc 26.69a 32.87d 5909.72¢
WH 689. 50 24.37¢ 31.56e 5301.25e
WS 649. 50¢ 26.82a 29.29f 5102. 83f
we 751.50¢ 25.17¢ 29.00f 5455.92d
NZ 589.50d 25.23¢ 32.96d 4948.05g
NR 692.00 b 24.82d 35.62 a 6060. 85b
NH 741.50a 24.46¢ 34.81b 6172.25b
NS 752.50a 26.97a 33.69¢ 6894.20a
NC 756.50a 26.16b 29.08f 5845.83¢
YEF 1 Affecting force /%
[X 20 Block 0.12 0.24 0.11 0.07
HHE Tillage 23.60 * 2.78 21.54* 29.45**
F4H Weeds 65.86 " 68.68 ** 63.02*" 43.69
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