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Effect of herbicide application time on dose efficacy for weed control in maize (Zea mays)
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ABSTRACT

A split-plot experiment was conducted during 2016 with 3 replications to determine the optimum
time and dose of tank mixture of Nicosulfuron and Bromoxynil+MCPA for weed control in maize
(Zea mays) in Karaj. Main plots were four application times (different maize growth stages: 2-3, 3-
4, 4-6, and 6-8 leaves) and subplots were five doses of herbicide mixture (0, 25, 50, 75, and 100 % of
the recommended dose). Doses of herbicides and weed biomass relations were described with the
standard dose-response model at each application time. Parameter estimates suggested that
delaying in herbicides application increased EDso parameter (herbicide dose required for 50
percent reduction in weed biomass) from 6 to 54. In general, parameter estimates showed that
Chenopodium album was more sensitive to herbicide mixture compared to Solanum nigrum and
Amaranthus blitoides. Relationship between the doses of herbicide mixture and maize yield and
total dry matter were described with a linear model. Delaying in herbicides application decreased
the effect of each percent of the recommended dose of herbicide mixture on increasing maize yield
and total dry matter (parameter bi). For example, in the case of maize forage yield, it was 0.45 at
first application time and reached 0.15 at the last application time. In general delaying herbicide
mixture application time to 6-8 leaf stage of maize reduced herbicide efficacy for weed control and
there was a need for higher doses to achieve an acceptable yield.

Keywords: Biomass, bromoxynil+MCPA, dose-response, grain yield, nicosulfuron.

* Corresponding author E-mail: malizade@ut.ac.ir


mailto:malizade@ut.ac.ir

(M0 jaclacale (Zls dowe /(VWAA) O, Kan 5 51055

mslacile D S5 L aS Wlesls Olis lid>s
350 0 aalS L iScile & ol cunlas 3l 5 ,a
iy gl e s saslacile J Sl
Dalley etal., ) ol 5L iScde 3l g i 35«

.(2004; Hager et al., 2003; Sarani et al., 2016

Sagladile L e, s ol OblS LUl
5l (Zea mays L) <3 ol cosline 0K L
e By LUl 5l as el ol OalS des
W Sl S Lol sl Hlsy 50 5 3 alacidde U
sasbale gl S S5 uf.»jﬂ IRV
VES FCH N O T I R
Najafi & Tollenaar, 2005; ) &L sl
.(Teasdale, 1995

RS G i dapiscile 5l eslind
e D9y s SO Sl D03 s 5 aslacals
slacde J x5 jshie 4 oS Cl g, e S
oalital Dy gl o SoSb 5 Spoe oo
JS e S wpsans SISCile ol sk
Sl 5 B3 Glapsn, 5 bazalS b
JS s bl sl St dlesl 5 alacile
Abutilon ) 4z 58 b S e b S 51 &
Xanthium ) &5 5 (theophrasti Medicus
Lueschen ) .S » Jos i (Strumarium L.
.(etal.,1992

SSaile Ui Bl sl Kl 5l S

Sroe oascle US55 0SS
Dobbels ) Lib o b iSS 5o ple b of Lot
s (& Kapusta, 1993; Baghestani, et al., 2013
S 3l 3y i ol S ile Lol
Lol e 5 S s Jas Jites 5ok 4 0T 51 S

LY RN

s il Jlelse 30 o b iSils S

(e lld Gaglacile gl Al e
S SIS el WS B, Uls
2l b Sile S5 ASCle OV

Kudsk, ) 3,5 . 13 L iscsl L b iscile
2008, Jensen & Kudsk, 1988; Stougaard et
old awo g oy Sepl 4 g Lol 1997

S e e
(s kil il 3l ey b s alacils
sagbedile gad; e 5 Gl S S 5 S1p
Loosdio oilse 5l ol 5o ol ol bl s
palie s 1 ol iScile s o) Lal b ag ool
S AST Gy 3508 ealinal sl oy 53 5l S
@b (Kudsk, 2008) 555 «uls jScile 4,8
(Zhang et al.,, 2013) o, Kea 5 KI5 ialesl
33l eSS w mScdle Slude als &S sl Ol
T P R R
S L3S 58 Lol syl as e 5 aglacile
oAl slass b g aglacile Clls J S sk
3 Ao VY w4 Ol SO S de wil
PV 5 S o sasds JES Gln edd wo
saglecile JaS gl eld 4o s 3 e

25k S 2oL

a_"af.m J:MS db_.v el u:’.f“f’“}‘ Bl g;’.'.

il o e Ol gl s e iScale
Conl pScile 5,08 Ol 4w G raglacde
S dsd B mhaw & Ol gl S o5k«
S58 Sl (gt a4 kb o)l Oles 5 aslacils
Glamals 8= Gy, L Ol S
o ol ol g, e s saddle
5 ol (Gower et al., 2002) Ll s iS il



vy e ipgale J S s 1S Cde §3 o s 8 0l

33 @b 8 Oy BSE ey s L
5 Ol Se Sdle 53 byl (S
s 8es 5 s pglacds xS s el Asles
A bl 3
L 99, 9 dlge

sy s ATl s sl
b e 5 SlES sy asi i
OV allir dsb) £8 so fls e oKl
V0 bl e 5,0 5 (3,0 ai3s V0 5 ax
(53 o 51 2 WYY Ll Lo Jles aids YA
0 s (O cal) sl 5 2 sl S 50 4
Ll S5 e b sl WS sl 2 b L6
A
Dl 3,008 Ciliie 0l Jler (ol gl S
L SC 4% 0550 2) Oy 5dl o S S he 53
D O o LI~ B P L
Wl Al Sl S s
35 23 V0 odd as s 35 L EC 40% Oy g 3
b can B3 S55058 Jlie o5l Jols (Ol
5O Spcda b il SO U ke ol
JO o glags Jeld calses 3o oA slae s
33 bylse ol oS 33 Aoy Ve 5 VO O
Sl deeS s 5 O 5 S5 S ile
Oady dald Olpe 4 &S G OIS A 03 Ly
O Spaglacile plas 5 as w38 i s 5 acile
LS s

el SLI 5 e s adke S 3L
i S els e s3lueslel Sldas 3 V)
s ole 00 oEIS 5 Seos 5 b ss Gees
S op VoY Ll S K cosliial 3558 pd L s
Ol VY (.S\J: Ly swd Sope o olays bilsl s
YO (o b oS a skl s oS LS s gy

C)J’) %))@JAL& stjﬁj.}ffﬁ‘f/a DL

Llosls OLi Sladllas ax ST el 55 5 iSKan
a b iSile 5505 5 e b s 3l (Sea S
Lo T alslen il L3 LOT ol 1
Hatzios & Penner ) wil awils sy 7 alS o

.(1985; Olson & Nalewaja 1981

mdle 53 5l S S Glel dsles o ASCale

Jog oo & Sl Glgompl 5 JieS 50 S
RS 5o 5 20l Dol sS4 Cad Sl
Jos Gy Srom sasbds Sl aes b
L Sl 55 ol Ol oS sy e a5 4 S
Lol ascile ik Julpl o w6 (RS
Bahari et al,, 2011; Dobbels & ) 4il 3

Kapusta, 1993; Mamnoei & Baghestani,

o 33 4y Somd L J 28 e a4 Ol
das s (ol o ol 5l K gl e
ele b e iSdle bl oS ol el 5158
Sie malS gl Kl 5l S wsline Jes
52 Lol LB 2als st e iScils O e
« .(Jhala et al.,, 2013) .l 5 aglacde J xS
Cslite Jas oo b ola iScile LYl wosdle
seaslbcde Coslie 5y ks JalS s Wl e
AL S e e isile 4 s
S Ay B e edd Ol s 4 a5 L
) O30 548 s 555

sl iscale Lok

SA5 omd & odd 4o 3 Sl S glags L
G b opl byl S e S alacils

' Additive
% Synergism
¥ Antagonism



(M0 jaclacale (Zls dowe /(VWAA) O, Kan 5 51055

vy

2 Sl i) aw Sl ol paised (03 (Shew
A plodl e e 53 slee e 31 5 oS
Lo (9l 9 gyl s 25

Saglecide 55 S s sk 4
Slio  Ghlel glasleg 1 peomen 5 405 5
S esliad b lols s Opasl casdles 54
ol b Lo, Sl stuzes 5 R-Studio i3
&= Jla>l zlhw 3 5 Protected LSD RPN
Jlame SIS Ol DL sl A el s
R L o0 BRC-TPIS NP
A eslaial 14 a5 SigmaPlot ) 5l

4 (V dblee Streibig, 1980) mwl-3s Jube
Gasbade L b S Six 05y sleesls
» D) b iscde 53 5 W) 5 aclacide |
ol s i el 25 oS Ciltie sladle;
Sobes 4 Cowd Saaglacile mul S
e bl bl

Wy

W=—"——=x (1) dsles

‘oo
1+ |
l'-Eﬂsu’

Olis 5 goww YL d Wo clslae ol y5 &S
ool Ll i s jeclacde K 055 sk
Sl 3k 2,5 SScile 55 EDso ( 2Scile 5,08
b 5 aclacde S 05y Aoy 00 S
Al s Cad s e ol

3 D) b s 5o o LI cw) 0 S
sl o3 (V) @b I8 S 035 L 5 5 Ses
cilsee gladde sl 5l A o8 ik
Cows s oot Jde 5l amcS o 2 &S WS Jaia
T e
Y=bo+b:1xD (Y) dsles

DL 5 e 5l oo o lsles ol 55 oS
Ll i s o S 055 b s Shee Jldis odas

op5) 258 Sl epd (S ia b s A e o oy
ol A eslinal S s 0 S LS YO Ol 4
228 S el Sl e s lels S 4
saslacdes b 5l s bl G )
235 G on o AD p as g
S8 Sl S s mhe s iaglacde
Sasldde GloS S5 WSl sl
SlsS Gske ul gl s oLl o S o by
J=ls o5 slas b 4 e le 00 3 00 slal b
Wl S s 5 aglacile 5 A osls S5 & S A
Sl gl Lad Sl 68 SSE 4
(MATABI) bl Jae Sl Y mdy Sl
SLad s eslinad Ave ¥ Ness sl U304 e
A YO (R ey S ES Y il
mcile b 5 )8 5l da atds Sl g SIS o
NS a saglade gl gleelll (S
4 aS 2o Ble O 53 00 slal 4 SlalS 55 O
Sl S o 513 b S J=b o ol &g
05 03l L3 Gl a5 LA Sl S C}a.w
L Jame JKilesl 4 (8 lacsl 50
6 SSE o4 oSy e b el
@ SEF O3 et Glp e s LS Soled
e VY gl b oosl s s cele YA Co
S el S5 N s S s S sl
Slp w5 a0 Ssls g gleesls o SSla
Lol i a8 ol 5 eslizal Laesls oy 5 4 520
5> Jgmazme oS 3550 aal 31, UGl ol pls 5 O
oty S5 Sy Al 0 53 5 ole OLI
O3z 5 4ls 3 Shee wile 5 Shas odle 302
S8 et gl S e 58 D)3 8 S

BT ) S SV S PRV S PG St R RPN P

' Even flat fan nozzle



r v pslacale JS7 s iSale 53 L1 s 8 0k

«(Solanum nigrum L.) oL Srogh Jold as 5
Amaranthus blitoides S. ) odols= o5 >0
(Chenopodium album L.) & jaudes 5 (Watson
Wy o 3 (S dle 308 Ok gla S s

RGPS WA £ QL:..: \ J}J&- B LQJS v.:yLS OAS

Er Sk s e et by Sl s S e
Al ooy Sax 0ss Lo o Shes 15
el e G S Cile Ol s Ll Ao s
spgladle S o5
e il sbaS 5 IS (S5 oSk

P G g Al o 3 (WSS 39 )5 (e SIS 15 5 a8, 50 jasladile LI sadigs o S 6515 - Jgu
A 3 laslian] glad s Wi 351 J5 15 dlasl .&o,3

Table 1. Total and dominant weed species density in plots without herbicide application in the maize field at canopy closure
of maize. The numbers in the parenthesis are the standard errors.

Weed species

Density of plants (m?)

Solanum nigrum L.

Amaranthus retroflexus L.

Amaranthus blitoides S. Watson

Chenopodium album L.
Other weed species
Total weeds

128 (23.86)
21 ((2.80)
30 (5.06)
27 (9.01)
29 (7.20)
235 (7.77)
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Figure 1. Relationship between the total weed biomass and doses of herbicide mixture applied at different timings at four
weeks after treatment. The parameters are shown in table 2.
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Table 2. Parameter estimates for fitting equation 1 to weed biomass (total and dominant weed species) treated with herbicide
mixture at different application timings. four weeks after treatment.

Parameter estimates

Herbicides application time

W eed species (according to maize growth Wo EDso b R Zadj R'I\EAS
stage)

2-3 leaves 239.87 (7.2) ¢ 6(3.68)° 1.09 (0.37) 0.99 7.25

Total weeds 3-4 leaves 306.14 (16.1) ° 28 (3.00) ® 1.9 (0.35) 0.98 16.11

4-6 leaves 331.76 (14.7)° 35(5.07)° 1.04 (0.19) 0.97 14.71

6-8 leaves 411.01 (18.52) 2 54 (4.39)° 1.96 (0.29) 0.97 18.91

2-3 leaves 49.13 (0.04) ¢ 13(0.21)°¢ 2.97 (0.07) 0.99 0.04

Solanum nigrum L 3-4 leaves 63.65 (4.02) ¢ 18 (5.18) ¢ 1.29 (0.40) 0.97 0.02

: 4-6 leaves 77.26 (1.19)° 36 (0.89)° 2.61(0.11) 0.99 1.20

6-8 leaves 89.40 (5.70)2 63.07 (6.75)2 2.15(0.51) 0.95 5.99

2-3 leaves 10.22 (0.22)¢ 10.50 (3.19) 2 1.97 (0.60) 0.99 0.22

Chenopodium album L 3-4 leaves 29.66 (0.27) ¢ 11 (1.31)° 2.06 (0.26) 0.99 0.27

: 4-6 leaves 38.29 (3.29)° 17 (6.52) 2 1.57 (0.74) 0.95 3.29

6-8 leaves 48.80 (4.57)2 17 (7.57)¢ 1.36 (0.67) 0.94 4,57

2-3 leaves 14.40 (0.04) ¢ 2(2.06)°¢ 1.65 (0.65) 0.99 0.04

Amaranthus blitoides 3-4 leaves 24,71 (0.35)° 36 (0.71)° 4.35 (0.20) 0.99 0.35

L. 4-6 leaves 26.71 (2.74)" 61 (8.68)2 3.18 (1.31) 0.90 3.22

6-8 leaves 68.32 (4.70)2 63 (4.51)° 6.11 (1.86) 0.94 6.53
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Wo, weed biomass without herbicide application (g/m?); EDso, required dose to decrease Wo by 50% (% of the recommended
dose); b, slope of the curve at linear part (Effect of each percent of recommended dose on weed biomass reduction).
Different letters within a column for total weed and each species indicate significant differences at the 5% probability level.

The standard error of parameters is shown in parenthesis.

The number of data in the dose-response model in each application timing: (n)=15.
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Figure 2. Relationship between Solanum nigrum (A), Chenopodium album (B) and Amaranthus blitoides (C) biomass and
doses of herbicide mixture applied at different timings at four weeks after treatment. The parameters are shown in table 2.
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Figure 3. Relationship between the maize forage yield and doses of herbicide mixture applied at different timings. The
parameters are shown in table 3.
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Table 3. Parameter estimates for fitting equation 2 to the maize forage yield treated with herbicide mixture at different
application timings.

Parameter estimates

Herbicides application time

2 .
(according to maize growth stage) bo by Rag RMSE
2-3 leaves 46.99 (323) 045(005)° 094 417
3-4 leaves 51.26 (1.67) 023(0.02)° 094 215
4-6 leaves 5121(127) 0.5(002)° 093 164
6-8 leaves 46.84(1.29) 0.15(0.02)° 092 167
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bo, intercept parameters (maize forage yield without herbicides application, t/ha) and by, slope of the curve (Effect of each
percent of recommended dose on increasing maize forage yield). The standard error of parameters is shown in parenthesis.
Different letters in the same column indicate significant differences at the 5% probability level.
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Figure 4. relationship between the maize grain yield and doses of herbicide mixture applied at different timings. The
parameters are shown in table 4.

Y ablro) 30,18 ilises gL ylej 45 iSile bolso (slajd o )3 aild ,5es o dlasly ol 3591 0 (g1 wiolyb - Joua
ol 04l 2315 (3331

Table 4. Parameter estimates for fitting equation 2 to the maize grain yield treated with herbicide mixture at different
application timings.

Parameter estimates

Herbicides application time

2.
(according to maize growth stage) bo by Rl RMSE
2-3 leaves 8.92(0.25) 003(0.00)° 083 057
3-4 leaves 9.01(0.20) 002 (0.00)° 080 045
4-6 leaves 8.56(0.10) 0.02(0.00)® 092 022
6-8 leaves 7.98(0.14) 0.02(0.00)° 087 033
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bo, intercept parameters (maize grain yield without herbicides application, t/ha) and bs, slope of the curve (Effect of each
percent of recommended dose on increasing maize grain yield). The standard error of parameters is shown in parenthesis.
Different letters in the same column indicate significant differences at the 5% probability level.
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Figure 5. Relationship between the maize total dry matter and doses of herbicide mixture applied at different timings. The
parameters are shown in table 5.
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Table 5. Parameter estimates for fitting equation 2 to the maize total dry matter treated with herbicide mixture at different
application timings.

Parameter estimates

Herbicides application time

2
(according to maize growth stage) bo b Riag  RMSE
2-3 leaves 2092 (101) 018(001)° 090 223
3-4 leaves 21.75(033) 0.10(0.00)° 096  0.74
4-6 leaves 22.33(0.40) 0.07(0.00)° 090 091
6-8 leaves 2032 (0.24) 0.06(0.00)° 095 055
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bo, intercept parameters (maize total dry matter without herbicides application, t/ha) and bs, slope of the curve (Effect of

each percent of recommended dose on increasing maize total dry matter). The standard error of parameters is shown in
parenthesis. Different letters in the same column indicate significant differences at the 5% probability level.
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