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Effects of soil tillage and straw returning on weed biodiversity in summer maize

(Zea mays) field
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Abstract: To investigate the effects of different soil tillage methods on weed density, dominant species, bio-diversity
indices and yield of summer maize, the experiment was conducted using a summer maize cultivar “Zhengdan 958” in 2008
growing season at the Agronomy Station of Shandong Agricultural University. The five soil tillage methods were zero-tillage,
rotary-tillage , harrow-tillage,, subsoil-tillage, and conventional tillage, respectively. All these soil tillage methods were
conducted from 2003 to 2008. A total of 13 weed species were recorded in this investigation. Under the conditions of total
crop straw returned, zero-tillage could significantly (LSD, P <0.05) increase the weed diversity; In contrast, under the
conditions of no crop straw returned, the weed diversity in conventional tillage was much higher than those in zero-tillage,
rotary tilling, plowing and raking, and sub soiling, respectively. After total crop straw returned, the weed dominant species
in no-tillage and subsoil-tillage were Ditaria sanguinalis ( L. ) Scop. and Echinochloa hispidula ( Retz.) Nees,
respectively; in rotary -tillage tilling and harrow-tillage were Ditaria sanguinalis (L. ) Scop., Echinochloa hispidula
(Retz. ) Nees, and Eleusine indica (L. ) Gaertn, respectively; in conventional tillage were Ditaria sanguinalis (L. )
Scop. , Abutilon theophrasti Medic. , Echinochloa hispidula (Retz. ) Nees, and Cyperus rotundus L. , respectively. Under
the conditions of no crop straw returned, the weed dominant species in zero-tillage and conventional tillage were enhanced.
Under the conditions of total crop straw returned, zerotillage, harrowtillage, and subsoiltillage could increase species

richness and evenness of weed community. The results revealed that long term crop straw returned could significantly (LSD,
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P <0.05) increase the summer maize yield and the weed biomass, especially under the conditions of conventional tillage.

The weed biomass above the ground surface was negative correlated with the summer maize.

Key Words: soil tillage; straw returning; weed; summer maize ( Zea mays) ; bio-diversity; yield

AT FAEGHHE , Bk RS FEHF SR ERHELE R LR B4 K 90K (B 7K PR3 19 4 36 2k 2>
BESEHE T HEAETEEMEA"Y . Wik, XS EEExrREL TRV THE L BEAEER
Xo HET X RPHERER MR E LW JMEY ™ & L EEAMER BT RETHENMAEYHESES
AFE o FTRAPHERE = B iR 5Tt 2 BONK B E 0K VEFRAMET Y, HEFN
PHER LI JFAMAESREMAEYERR FHIRREEENAEENEYSHEZ R ERE, KREXES
Ve Z [BIFFERT B IR L3R 5K M SRR 4, REBUEMRSHEERZE " MR EY R B
TR BN A B AT S BRI ] o Legere Z5@ i ZAEFR I , R RBHERE A B X e 8 ZREHA
SomR, T B e BBV 2 I S AR % B2, Jannie ZERFR RN, R B 20 B O MR B T BE A
BE BB R R EMAERE T WM MBI 2N A EFED =&, Hib, ARBHEREA G w1
YIRAERKET , WEBR I H B & F 2 E AR

K /NFE B F R —AE PP AR 1 BE AR AR R X Rk A = o G A RO BB M AL, 5IARIPERMERE
KEEREEAE EEY =&, BIE LDEXNEH TR TR . EE 1980 440t 1 ii#E, %25 %
KEFEN A 16 MESAEAZET et X BRENE ERmEZE" . 1 Cardina AN, &3
B AL 1 B X6 2 B 2 B e i LU B E i SN BB . BRSPS AE VL R EE R B, /N L R FE AR
FH 1) T R 705 B B B 4 A AR X O 5 B 3 B T, TS 6 B A DS G M R S B R . T
UL, & S AR I BEXT H 22 B A 2R AR B S8 ERTA, NS E TR EEE P AR
BB 7 2 B N IV 27 2 A FH 28 B A X IR R 2\ e B4R AE S e pia &y w0 (BT B 07 SR AR AT
i H R ZEE R IR 3 3R B AU R EBHES M T & /N E B E R — W RFRME il B v B F KRR H ) 24
TR RS ARTE . A SCTEESE Sa fEFF 2B HIWER L, REVFR T sk Jest ok RN E R
HHER AN B ERHEZAE A S KEAYE B EREYE B ERBERE R R ' E K=&
] P AE DR , AR IR E AL 4 /N B B R — AR WA H I R R4 & SR 3R HE BB R4 Fnhe R S8
1 #REFE
1.1 HEGRE ST

AR R YL H i3, e XA HEWANE R $ENE 5 #, Bk Jesh sk R
PAFIE FRBEE . Horp e B R ML R R , VE ML IR BE Ry 8—10em ; R R Bk O R R 2E , (Rl RAR R,
YENVIRBE A 12—15cm ; TRAASR A B i 88 BRI, VE AL TR BE 40—45em ; B FLBHVE R X LR R, 1R D IR B
H20—25cm, BFH RO IELEHE Sa. FEFEHESEELHMIERFEBEBEAKF R58 L E BE R
XPHR, 3L 10 AMb 3,3 REE /DX EFR 15m x8m, RIEFAE T X WEL/NER ER—FEFH, L/PEHHR
AP BEE 20 5:,2007 4E 10 A 11 HEFh, #& & 90kg/hm’ 2008 4F 6 A 10 H/NFE ik, 15 HEHEEBEMEE
K, B bl A 958 #E h 6. 66 x 10*#k/hm” 2008 4E 9 A 25 Hikdk. 7EE EXREFIGE 3 KB 6 A 18 H
W55 28 it P R 5, 2350 R IR DI T v i (5 AR AL A BR A B A 72 1Y 30% B35 &3 5], & 3—3. 3ke/hm’, 5K &
450—675kg/hm’ , B AN T4 “ WS-8 " [RAEME 2%

1.2 HEE#E

2008 4£9 H 6—10 H (E EAFERM) . BTN/ DRBEHLIE S 4~ 1m® R, B R B E 3
e A& (60°C AT 48h) o [RIBTZEMCERET , A2 B £ KA BOBCR R B A W 7= B AR ™= & . SRAHH
X 2 BE (/NDX P R AR B () 9% BE R LU/ N A TR 2R I BE ) MR B A e B e, 1TE
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Shannon Z#EPEFER(H') \Shannon Y5 BE1E 4 (E) \Margalef #Fh & FEAE L (DMG) F Y ZAEPEIE R H'
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K, N /N Tm’ T 285 [ EBRE n 25/ R Tm® P SERRZS B OBRE, S 45 /N 1m” Y
IREPRLE

iZJH SPSS 11. 5 BRAAFXBAE AT G407 o
2 H#RESH
2.1 REREE

AT X 3 THURRBEA R, BEAF > AUAF > S, 3 0 3 T30 BB JR R el AL A v 1 BT Ak 19 38
B, HET RN B 2% 5 0 BE AN ISR B AR, FORMESK RIS R B B R A L THRR P B R I
JEE 8 ARV E B BRI BB RS 12 Fh 1 AR BEERBENERER (KD,
ST7 2R, A FBHEREIE AT , HE 285 RS a3 B 22 5 B3, UL RIGR P A AR i BE X 24 B
FRIEFBCR W RA TR ZA . 3R 1 45580 LR ) FAT 2R 1, bt B E R E A m A B, X 2R
NTEFF RIS H ARG ARIE T &M RAGRME, ZHEERECERT) 1 FERFRRE(DE B
B ) RSB EE (SR R A B B R REORIDE BRI T) S B L AR sk
TR Y 2% B BEFERS AT 2 B R TF W AUBHAE i 2 R D AR B L FIBE A A8 FE (AT T R B,
FUERT RERB AR T H03h ; T H MSHEREL IR E TR, BA —E M RS0, R R 75
S TREAHE I ABERE H o ToRSATIE A, 5 AP AR ) % 52 B2 R T B L et OB AR S B PR 1 e , X
TR GRAP PE B VR R XS SR (K R 0 A B EAT P 3D, T 2% et e AE A 2 s A R 3 ) L rp i
Ao
2.2 fRHIREE

KIAA BT AR N FH ) A6 52 ) B0 B, T ELR W & P 2R R RRE H A BB E (R 2) . A
AR, [l —FAEIEARFBHED T MAEXTEE, B3 T BERBEER . BTEBEH)E, RHHHE
WARAFT B BREM PR ERT 10% , Bt ARst & F T, AT (X% E > 10% ) N 5 5
REANA AR BB EAR T RN SR R PRI 7o TORSATE FARIF T, B A AR
ZRELALHFPIIIG I, Horp  RUE I T AR AR R R T AW T, BMARE, DESREMEEXK
FE [ PP i B B A2 B B D7 3 oK B SR B AR SR A S W] B2 ph T IR PR AL BT ) 0y A2 2536
i\ SRV RIRE TR B 5 K PRI R A T AR KAL), 8 45 b J4 Rweh 30850 40 75 SR AR e F B A
FAEE R R A SR AL T P AR S
2.3 EYSHIERE

KA FBHETT AT, H 2SR S BB A T 38, bR T A SR AR . SR
3ATLAE ), AT R HG  UHAE R FESFAIRAA SR 0FT , R B P A IR 2 (B B A 3 ) 7
BER o XA NAERS A 5 , X LEBFERE I T FH R 28 R S B R (R 1) , R £, H &Rk
FAERCR E A S PR R, R T SR AR (3R 2) , SBUR RS Yl 8 B ) AR
5 , AR Shannon ZAEPETS BB 5 5 AR I, # MUBH AR 18] 2% B 72 TOAS A48 A i) S 4 BE K, (HLZR
MRS D, B R ETERCR ER A5 o B, TORSAT IR W ABHE 2R T, 28 BV 1) Margalef
Yo & BE 46 %0 Shannon 5] BE 1545 Shannon RIS BIHARK .
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F1 FEMEARLEBTRENMAREIZE
Table 1 Weed species and their densities under different tillage systems
B BE Density/ (#/m?)

J B4 Weed species FEFF2RE H Total crop straw returned

Gk T Piaed /N WA

Zerotillage Rotarytillage Harrowtillage Subsoiltillage Conventional tillage
1 44 2B Annual weed
L)% Ditaria sanguinalis(L. ) Scop. 53.27a 30.25d 42.75b 39.52¢ 22.61le
EL# Echinochloa hispidula (Retz. ) Nees 50.36a 13.58¢ 29.51b 10.03¢ 5.95d
H 94758 Eleusine indica(L. ) Gaertn 4.62c 6.69b 15.12a 2.40cd 1.50de
T bk Abutilon theophrasti Medic. 1.00b - 1.00b 1.00b 22.6la
S BH®5 Commelina. communis Linn. - 0.58 - - -
M JH %5 Eragrostis pilosa (L. ) Beauv 1.00 - - - -
WA E Cyperus iria L. - - - - -
KW, Amaranthus retroflexus L. - - - 0.56b 1.00a
i)l Eclipta Prostrata L. - - - - -
W3k Acalypha australis Linn. - - - - -
{57, Portulaca oleracea L. - - - - -
Y B ¥E Setaria viridis (L. ) Beauv 1.00 - - - -
L 4EH: Z4 ¥ Perennial weed
FHWF Cyperus rotundus L. 7.75a 2.00c 5.00b 1.77¢ 8.00a
S\ Total density 119.00a 52.52¢ 93.95b 55.27¢ 39.06d
Fh2 Species Ta 4d 6b 6b 5c
B BE Density/ (#/m?)

J B4 Weed species FeFEFFA H No crop straw returned

Gk T Piaed /N WA

Zerotillage Rotarytillage Harrowtillage Subsoiltillage Conventional tillage

1 4E4: 2% Annual weed
I,/% Ditaria sanguinalis(L. ) Scop. 40.02bc 48.61b 14.47d 40. 18bc 92.33a
EL# Echinochloa hispidula (Retz. ) Nees 12.95d 23.81bc 25.96b 27.68b 50.23a
H 94758 Eleusine indica(L. ) Gaertn 7.06b 2.60e 8.24a 6.66¢ 3.65d
18] Bk Abutilon theophrasti Medic. - - - - -
S BH®5 Commelina. communis Linn. 0.58b - 1.00a - -
I JE ¥ Eragrostis pilosa (L. ) Beauv - - - - -
WA E Cyperus iria L. - 1.00 - - -
BT, Amaranthus retroflexus L. - - - - -
i)l Eclipta Prostrata L. - - 2.00 - -
W3 Acalypha australis Linn. - 1.00 - - -
{57, Portulaca oleracea L. 1.00 - - - -
Y B ¥E Setaria viridis (L. ) Beauv - - - - -
L 4EH: Z4 ¥ Perennial weed
FHWF Cyperus rotundus L. 8.73b 3.38¢ - - 20.00a
S\ Total density 70.34bc 80.40b 48.66d 77.52b 166.21a
2 Species 6a 6a 5b 3d 4¢

FHEAE N 5 WERFHHE; BihEAF TR FERFE HI7 X, [F—FRR AR R N B 257 8 3% (P <0.05); “ - "%

AR B ZWEE; TR

2.4 FREFEEX EARKPR B RN

FORB— T BAARIE ¥ 1 R EIVEY , B ROBCIRAR BB 25 /0 X B A3 T AR ™ B B 2 M AR K, 8 PR A 803k
B KR 7R B LAl o i RATT 0, S FTIE R RBHE DT AR T , A RFEFFE H 58, B Rt 7 X
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x2 AEHEARLBTLENENZEE/ %
Table 2 The relative densities of weed species under different tillage systems /%
A% Relative densities/ %
J B4 Weed species FEFF2RE H Total crop straw returned
Gk T Ak RS W RAHE
Zerotillage Rotarytillage Harrowtillage Subsoiltillage Conventional tillage
1 44 2B Annual weed
L)% Ditaria sanguinalis(L. ) Scop. 44.76¢ 57.60b 45.50c 71.50a 36.66cd
EL# Echinochloa hispidula (Retz. ) Nees 42.32a 25.86¢ 31.41b 18.15d 9.65e
H 94758 Eleusine indica(L. ) Gaertn 3.88¢ 12.74ab 16.09a 4.34c 2.34cd
T bk Abutilon theophrasti Medic. 0. 84b - 1.06b 1.81b 36.66a
S BH®5 Commelina. communis Linn. - - - - -
M JH %5 Eragrostis pilosa (L. ) Beauv 0.84 - - - -
WA E Cyperus iria L. - 1.10 - - -
KW, Amaranthus retroflexus L. - - - - -
i)l Eclipta Prostrata L. - - - 2.35a 1.62b
W3k Acalypha australis Linn. - - - - -
{57, Portulaca oleracea L. - - - - -
Y B ¥E Setaria viridis (L. ) Beauv 0.84 - - - -
L 4EH: Z4 ¥ Perennial weed
FHWF Cyperus rotundus L. 6.51b 3.81c¢ 5.32b 3.20c 12.97a
A% Relative densities/ %
J B4 Weed species FeFEFFA H No crop straw returned
Gk T Ak RS W RAHE
Zerotillage Rotarytillage Harrowtillage Subsoiltillage Conventional tillage
1 4E4: 2% Annual weed
L)% Ditaria sanguinalis(L. ) Scop. 56.90b 60.46a 28.00d 51.83c 55.85b
EL# Echinochloa hispidula (Retz. ) Nees 18.41d 29.61c 50.24a 35.71b 30.22¢
H 94758 Eleusine indica(L. ) Gaertn 10.04b 3.23d 15.95a 8.59bc 2.20de
18] Bk Abutilon theophrasti Medic. - - - - -
S BHEE Commelina. communis L. - - 3.87 - -
i JE ¥ Eragrostis pilosa( L. ) Beauv - - - - -
WA E Cyperus iria L. 0.82b - 1.94a - -
BT, Amaranthus retroflexus L. - 1.24 - - -
i)l Eclipta Prostrata L. - - - - -
W3 Acalypha australis Linn. - 1.24 - - -
{57, Portulaca oleracea L. 1.42 - - - -
Y B ¥E Setaria viridis (L. ) Beauv - - - - -
L 4EH: Z4 ¥ Perennial weed
FHWF Cyperus rotundus L. 12.41a 4.20b - - 12.03a
®3 TEMEARLBTRENEMSHERR
Table 3 The biodiversity indices of weeds under different tillage systems
ZFEMEHE 5L The values of biodiversity indices
S H TEFF 48 H Total crop straw returned TEHEFFE H No crop straw returned
Ttem Gk Tedk A W HHAHE Sk T Ak WH HHAHE
Zero- Rotary- Harrow- Subsoil-  Conventional Zero- Rotary- Harrow- Subsoil-  Conventional
tillage tillage tillage tillage tillage tillage tillage tillage tillage tillage
DMG 1.26 0.76 1.10 1.25 0.61 1.18 1.14 0.95 0.46 0.59
E 0.10 0.12 0.12 0.02 0.01 0.12 0.10 0.13 0.11 0.09
H' 0.50 0.46 0.54 0.08 0.07 0.53 0.44 0.55 0.47 0.45
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ZRAER YRR, EEREEY R AR EORRL™ BB @ [FR 7 B A, P (] 5 A
HEYIR(X) 5EPHEIT A E T ERPR- R (Y,) REREWE (Y,) REERABRFHRE(Y;) HER
MIXXR, HEE S FIN YV, = 16986 - 12. 312X .Y, =31048 -22. 925X I ¥, =65362 - 1. 0475 X MHX &
B 579 0. 7658 0. 8527 1 0. 7706, I WL, A B AR R B2 A4 B fE B TR I AR ) B LA

F4 TRAMMEARVDETREEYENEIRENF BRI~

Table 4 The weed and summer maize dry biomass and summer maize yield under different tillage systems

HEARA RIS

RE YR HEREY HEAKPRL 5

4b B

Summer maize effective

Trogtments Weed hion;ass . Summer maize , harvest plant Summer maiz«: yield
/(kg/hm*) biomass /(kg/hm”) / (plant/hn?) /(kg/hm*)
FEFeEIAH %k Zero tillage 713.16a 15269. 59¢ 64667 de 8829. 68¢
Total crop straw  Jig#f Rotary tillage 603.41b 17432.12d 64733cd 9622. 15d
returned FHF Harrow tillage 634.52b 17878.49¢d 64765bc 10104.77¢
WA Subsoil tillage 435.09¢ 20350. 58ab 64822ab 10980. 53b
‘H # Conventional tillage 409.55¢ 21876.01a 64980a 12187.19a
TeAEFFE H ek Zero tillage 688.47a 12731.28f 64502f 6671. 86f
No crop straw JiE#F Rotary tillage 478.39¢ 20626. 86a 64889ab 11388.90b
returned Ak Harrow tillage 413.58d 21208.73a 64899ab 11687.00a
WA Subsoil tillage 589.97d 18550. 06bc 64777be 10267.56¢
H #1 Conventional tillage 473.13¢ 19859. 55ab 64887ab 11146.61b
3 g

KA FEBETT RS TR AT , B FE RS H [RIZ8 T AP DU I8 T 45 A T 2 B ANAR A
BEX) R AR A, B Shannon ZZAEETES Shannon ¥J5) BEFE N Margalef #7505 B IS BAHI AR . H IR A AT
BESEA [RIBFVE 77 2R AE T i FH AL B S B % B AR AT AR IR AR AN R, R ) - S sz 3l A BE A IRUK I 4%
PRI , T 45 Fh I B MR IR B4 1 R (OB L RE 18 BTz 5112 IR T 25 AR R BT

BEVE T BN A EAR 775 30 P BT EL M , (SR T BT AL B 2% 1 L RRIR BE LK 0 DB HE A 8 A B, A
17T ) 2 R M ) 2% B Ao B PRI B DR O , R T - 98 o 24 e S B R B2 149 S 1) A L B 2 B 7 1922 52 T R
AFEBHESR M T B R A EZERE T . B RS, SR HERHER B D S RIS FEE B
AR, A A T2 EERE MR A, FNTERXF R T ZEAREHEFRERREA S AL
MHTHIFET:, Fh e 5 FA L RRER R, NI KRB REH " . APRRI, HFHEHE 5, BRI
HERE SR AERREN . TEFTE HE, 8 285 Gk e 22, T I0AS AT B, 5 A8 FE A 2% 5 2 B A
Ko AHTNFEFF 2 EAE HONZRE A BIE T 2 0F, R R E ZFAZRE (FHT) 1 FERERIRE
(EhfE BRI ) R AR EE (58 B A B ORI R R EAE M) B L. [
i, FEBIE AT BE IR B R BT T IR BBHE, QUG T LR RIZAREF T RI03h, W ABHE 1R L R
W, BA —E LR, HREREM TH R TRHE HAGEshE H . TRFEE R, b FA R ELTE
A2 LR B R AT, IR HEREXT 308D T SR BT, B A AR E /D o

AT A0 B X B K AR BE R e v R 5 3R 20\ R 3K o A R B3R B S AR A 5%, N E E R —4F
FRVK BB S RATE , W B R A2 P9 R A UR S R o BRiEEE R RS ATIE H bk
FRERER R T L3R FR SR & BABR R B 18 50, ELVE! S R - AR ST Rl , R I8 A WU X RS AT B 2%,
B EREA M T AR S BRI S MEBEEHEITE , TREEBKMREK AR ER, 75 L5k &
B, FEFFd H A SR R KRS, b 25 )5 , 7R/ N TR A 2R F A 6], B a0 B AN s A 3 /26
#052.25mm 2! o FIE S FRAFAEREIR  EOK - 53R T, IR RAER KRB L2 B E k4
KAROLHIH 2o Bk, B IR ESKE R, A TAREA K, XA fER TS AR E S — P EEFRRE.
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FEATIE H + R B A B, Li SRR T R R I R AR s 0 3000 A XU R - (KR
ST REART LR, IR T RERRIR E IR BE . WRFIESE" A8 RAT L LI AP SR A B9t A5 25 (0 i 45
Ro RRAMF TS H RS L RRE , A T2 EER BN Z A X Wl fERFEATIE H AR TR
BEH—TEEFH,

AR H SR Z BAFFERDR IR L35 5K S RB M TS, R IBEEMEEREZ ",
AFBHEERAL T , AR pifs Ak F AL B m 2R i 2, 3 FOKE UK B K. XA AR bSR3 T OKAH
PREGLEER AR T8 4 IR ) , ERAEMROD ARG SE A7 IR E R AR , AL SRTERR R b 7™ A — R B AMEESORE , AR T
BRI E S M RRE, R OCRER R . 440 ek RS BRI R B, H R ALK R = R BRI &
FEA I MR SORL B I D . X AIABIITISE RAR , [ A8 E 0 R B KA R e E BA R0k
RERBCE Ko AT B L0 BT S 45 R A% 5 5 R /K AR A A A el D 1 BRI T /KRB 7 BERE T , T B K
BRI T R BIFEY) , AR EEX TR B a2 vl BE D7 B R HA R R, XA T — 5 o
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