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SUMMARY

Th e fi eld trials were conducted at two localities during 2013 and 2014 to evaluate diff erent POST her-

bicide programs for eff ective E. crus-galli control in rice production regions in the Republic of Mace-

donia. Herbicide selectivity and infl uence on grain yield were evaluated, as well. Herbicides were ap-

plied in 3 POST herbicide programs: early-postemergence (EPOST), mid-postemergence (MPOST) 

and late-postemergence (LPOST). E. crus-galli control diff ered among POST herbicides, herbicide 

programs, and DAT. In Kočani locality E. crus-galli control across POST herbicide programs was 95 

to 92% at EPOST and MPOST treatments at 14 DAT, and 99 to 98% at 28 DAT, respectively. Signifi -

cantly lower effi  cacy was provided in LPOST treatment (87% and 83%) at both estimation periods. E. 

crus-galli control across POST herbicide programs in Vinica locality was similar as in Kočani locality. 

14 DAT effi  cacy was ranged between 97 and 93% at EPOST and MPOST treatments, and 28 DAT effi  -

cacy was ranged between 99 and 97% at same POST treatments, respectively. Signifi cantly lower effi  ca-

cy was provided in LPOST treatment (82% and 81%, 14 and 28 DAT, respectively). In both localities all 

EPOST and MPOST applied herbicides resulted in rice yield which was not statistically diff erent from 

rice yield in the weed-free control. Because each LPOST herbicide provided lower E. crus-galli control, 

and caused rice injury, there was signifi cant yield reduction in all plots treated with LPOST herbicides.

Key words: Echinochloa crus-galli, rice POST treatments, injury, yield

UDK 632.954

Naučni rad – Scientifi c paper



Zvonko Pacanoski

50

INTRODUCTION

Echinochloa crus-galli (L.) P. Beauv. (barnyardgrass) occurs with great frequency and dis-

tribution in lowland fl ooded rice system in all rice-growing areas (Dowler, 1997; Andres et al., 

2007), including rice production regions in the Republic of Macedonia (Pacanoski and Glatkova, 

2009). E. crus-galli is reported to be among the three most serious weeds of rice in many coun-

tries in Asia, and is a major weed in a wide range of crops throughout the tropical and subtropi-

cal world (Holm et al., 1991).  Th is weed is highly competitive with rice due to its adaptation 

to fl ooded environments, high seed production, rapid growth and C4-photosynthetic pathway 

(Marambe and Amarasingle, 2002). Th is weed is a very aggressive invader, diffi  cult to control, 

and causes major losses in rice production (Lopez-Martinez et al., 1999). In particular, season-

long competition from E. crus-galli has been reported to reduce rice yield by 28 to 65% (Smith, 

1988) and by 21 to 40% (Stauber et al., 1991), depending largely on rice cultivar as well as density 

and spatial distribution of its population. It competes with crops for nutrients, water and light. 

Some infestations of E. crus-galli have been shown to remove 60 to 80% of available nitrogen (N) 

from soil (Holm et al., 1977; cit. by Ottis and Talbert, 2007). In India, Varghese and Nair (1986) 

concluded that it competed with transplanted rice for N and K during 11-50 days aft er planting 

(DAP) and for P during 21-40 DAP. 

Several POST herbicides are currently registered in the Republic of Macedonia to control 

E. crus-galli. Cyhalofop and profoxydim are aryloxyphenoxy propionate and cyclohexanedione, 

respectively, POST herbicides that inhibit acetyl-CoA carboxylase. Cyhalofop has been reported 

to control barnyardgrass at least 88% when applied early POST (EPOST) as well as late POST 

(LPOST) at 200 g ai/ha (Ntanos et al., 2000). Vidotto et al., (2007) and Kaloumenos et al., (2013) 

reported for high level of control (95–100%) of the two E. crus-galli accessions with profoxydim 

applied at 200 g/ha. Profoxydim and cyhalofop-butyl were eff ective alternatives for the man-

agement of E. crus-galli resistant biotypes to ALS-inhibiting herbicides, as well (Matzenbacher 

et al., 2013). Penoxsulam is a triazolopyrimidine sulfonamide herbicide and acts by inhibiting 

the acetolactate synthase (ALS) enzyme (Lassiter et al., 2004).  It is broad-spectrum herbicides 

registered for weed control in rice. Penoxsulam provides control of Echinochloa spp. (Lassiter et 

al., 2006). Azimsulfuron is sulfonylurea applicable during post emergence of E. crus-galli and 

rice. Same as penoxulam, this herbicide restrains ALS action on susceptible weeds (Ferrero et 

al., 2002). Applied at 20 g/ha a.i., with a nonionic surfactant at 0.1% v/v, it gives good control of 

E. crus-galli (Massasso et al., 1996). Azimsulfuron has been reported to control E. crus-galli at 

least 92% when applied at 0.025 and 0.030 g/ha with NIS Trend-90 at 0.2 L/ha (Pacanoski and 

Glatkova, 2009).
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Taking into consideration that only POST herbicides are registered for E. crus-galli control 

in rice crop in the Republic of Macedonia, and that timing of its germination and growth in rice 

paddy fi elds is under considerable variations, particularly environmental conditions, consisten-

cy of POST weed-control strategies is variable and highly infl uenced by weed growth stage and 

environment. Th erefore, the objective of this study was to evaluate diff erent POST herbicide 

programs for eff ective E. crus-galli control and optimal rice yield in rice production regions in 

the Republic of Macedonia.

MATERIAL AND METHODS

Th e fi eld trials were conducted during 2013 and 2014 on commercial rice fi elds in Kočani 

and Vinica localities in eastern Macedonia. Th e soil at Kočani locality was a fl uvisol sandy loam 

with 2.8% coarse, 7.7% coarse sand, 63.1% sand, 26.4% silt+clay, 2.66% organic matter and pH 

of 6.7. Th e soil at Vinica locality was vertisol with 3.5% coarse, 9.1% coarse sand, 30.0% sand, 

60.3% silt+clay, 2.4% organic matter and pH of 7.2 (Filipovski, 2006). Th e seedbed was prepared 

by moldboard plowing in the autumn followed by two passes with a fi eld cultivator in the spring. 

Phosphorus and potassium fertilizers were added before sowing at a rate of 50 and 80 kg/ha as 

super phosphate (15.5 % P
2
O

5
) and potassium sulphate (48% K

2
O), respectively. Nitrogen ferti-

lizer was added at a rate of 150 kg N/ha as ammonium nitrate (33.5% N) in two equal doses in 

the tillering stage and in the panicle initiation stage. Standard water management practices were 

used, so the plots were fl ooded 2 days before rice sowing. Th e fi eld trials were carried out with 

Italian rice varieties “Gloria” and “Opale” which were drill-seeded in a well-prepared seedbed at 

a seeding rate of 230 and 200 kg/ha, respectively on May 1st, 2013 and May 5th, 2014 in Kočani 

locality, and May 12th, 2013, and May 15th, 2014, in Vinica locality, respectively. 

Th e experimental design was a randomized complete block with four replications con-

sisting of 3 POST herbicide programs. POST herbicide treatments were applied in early-poste-

mergence (EPOST), mid-postemergence (MPOST) and late-postemergence (LPOST) periods, 

which were applied on June 10th, 17th and 24th in 2013, and June 12th, 20th and 27th in 2014, re-

spectively in Kočani locality, and on June 15th, 22nd and 29th in 2013, and June 17th, 25th and July 1 

in 2014, in Vinica locality respectively. In POST weed control study were included four herbicide 

treatments: penoxulam (Rainbow 26.7 g a.i./L, Dow AgroSciences, Indianapolis, Indiana US) at 

1.5 L/ha, cyhalofop-buthyl (Clincher duo 200 g a.i./L, Dow AgroSciences, Indianapolis, Indiana 

US) at 1.5 L/ha azimsulfuron (Gulliver 500 g a.i./L, E.I. du Pont de Nemours and Company, 

Wilmington, Delaware, US) at 0.04 kg/ha, and profoxidim (Aura 200 g a.i./L, BASF Agro B.V., 
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Arnhem, NL, Switzerland) at 1.0 L/ha. All herbicides were applied with a CO
2
-pressurized back-

pack sprayer calibrated to deliver 300 L/ha aqueous solution at 220 kPa in drained plots, which 

were refl ooded 2 days aft er treatment (DAT). Untreated and weed-free controls were included 

in the studies, as well. Th e control plots were left  untreated during the entire experimental peri-

od. Weed-free control was maintained by hand weeding. Hand-weeding was initiated at weeds 

emergence and continued as needed to maintain weed-free plots. Both sites were naturally in-

fested with a high population of Echinochloa crus-galli. Weed densities in non treated control 

plots was 87 and 112 plants/m2 in 2013 and 2014, respectively, in Kočani locality, and 69 and 93 

plants/m2 in 2013 and 2014, respectively, in Vinica locality. When EPOST treatments were ap-

plied, rice was at the tillering stage (BBCH 26), and E. crus-galli was at the beginning of tillering 

stage (BBCH 21-23). During MPOST treatments were applied, rice and E. crus-galli were at the 

end of tillering stage (BBCH 29), while at LPOST treatments, rice and E. crus-galli were at the 

stem elongation stage (BBCH 32-34). 

Rice injury and percent weed control were visually evaluated based on a 0% - 100% rating 

scale, where 0 is no injury to rice plants or no weed control, and 100 is complete death of rice 

plants or complete control of weeds (FRANS et al., 1986). Rice injury was estimated 28 days aft er 

treatments  (DAT), while E. crus-galli control effi  cacy was estimated 14 and 28 DAT from 1m2 

area within each plot at both localities during two-year experimental period. Yield was deter-

mined aft er harvest based on weights of grain containing 13% moisture. 

Th e data were tested for homogeneity of variance and normality of distribution (Ramsey 

and Schafer, 1997) and were log-transformed as needed to obtain roughly equal variances and 

better symmetry before ANOVA were performed. Data were transformed back to their original 

scale for presentation. Means were separated by using LSD test at 5% of probability.

RESULTS AND DISCUSSION

Echinochloa crus-galli control. Kočani locality. E. crus-galli control diff ered among POST 

herbicides, herbicide programs, and DAT. All EPOST applied herbicides controlled E. crus-galli 

89 to 92% 14 DAT (Table 1). Because of prolonged aff ecting of all investigated herbicides (ALS 

and ACCase inhibitors) (Whitcomb, 1999; Böger et al., 2002), control of E. crus-galli was sig-

nifi cantly improved 28 days aft er EPOST treatment. Penoxulam and profoxidim provided 100% 

control, while cyhalofop-butyl and azimsulfuron provided identical 98% control of E. crus-galli 

(Table 2). Effi  cacy of herbicides in control of E. crus-galli 14 days aft er MPOST treatment was 

insignifi cantly lower than the same period during EPOST treatment. All herbicides provided 
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control of E. crus-galli between 85 and 91% (Table 1). Signifi cant increasing (8-11%) in con-

trol of E. crus-galli was recorded during second estimation, 28 days aft er MPOST treatment. 

Penoxulam showed excellent (99%) control of E. crus-galli; similar, other herbicides controlled 

E. crus-galli between 96 and 97% (Table 2). During LPOST treatment, effi  cacy of herbicides in 

control of E. crus-galli was signifi cantly lower in compare to EPOST and MPOST treatments, 

respectively probably due to advanced weed growth stage (stem elongation stage - BBCH 32-34). 

14 DAT profoxidim and cyhalofop-buthyl provided effi  cacy of 83 and 85%, respectively, while 

azimsulfuron and penoxulam reduced the amount of E. crus-galli in the rice crop by 79 and 80% 

(Table 1). Further decreasing in E. crus-galli control was noted 28 DAT. All herbicides controlled 

E. crus-galli between 75 and 81% (Table 2). E. crus-galli control averaged across POST herbicide 

programs was 95 to 92% at EPOST and MPOST treatments at 14 DAT, and 99 to 98% at 28 DAT, 

respectively. Signifi cantly lower effi  cacy was provided in LPOST treatment (87% and 83%) at 

both estimation periods (Table 3). 

Table 1. E. crus-galli control 14 days aft er EPOST, MPOST and LPOST herbicide treatments, respectively in fl ooded 

rice in Kočani  and Vinica localities (average for both years)a

Treatment

Rate

(L;kg/ha)

Kočani locality Vinica locality

EPOSTb MPOSTc LPOSTd EPOST MPOST LPOST

%e

Non-treated control - 0 0 0 0 0 0

penoxulam 1.5 91a 90ab 80ab 90a 88a 81a

cyhalofop-buthyl 1.5 91a 90ab 83ab 91a 90a 84a

azimsulfuron 0.04 89a 85b 79b 87a 82b 80a

profoxidim 1.0 92a 91a 85a 91a 89a 85a

LSD (0.05) 4.02 5.25 5.24 4.40 5.50 5.54

a Abbreviations: EPOST-early-posteemergence; MPOST-mid-postemergence; LPOST-late-postemergence 
b EPOST treatments were applied at rice BBCH 26, E. crus-galli BBCH 21-23
c MPOST treatments were applied at rice BBCH 29, E. crus-galli BBCH 29.
d LPOST treatments were applied at rice BBCH 32-34, E. crus-galli BBCH 32-34.
e Means followed by the same letter within a column are not signifi cantly diff erent according to Fisher’s Protected LSD 

at P<0.05
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Table 2. E. crus-galli control 28 days aft er EPOST, MPOST and LPOST herbicide treatments, respectively in fl ooded 

rice in Kočani  and Vinica localities (average for both years)a

Treatment

Rate
(L;kg/ha)

Kočani locality Vinica locality

EPOSTb MPOSTc LPOSTd EPOST MPOST LPOST

%e

Non-treated control - 0 0 0 0 0 0

penoxulam 1.5 100a 99a 78a 98a 98a 78a

cyhalofop-buthyl 1.5 98a 97ab 80a 100a 100a 82a

azimsulfuron 0.04 98a 96b 75a 98a 95b 76a

profoxidim 1.0 100a 97ab 81a 100a 98a 81a

LSD (0.05) 2.06 2.49 6.59 2.01 2.86 7.11

a Abbreviations: EPOST-early-posteemergence; MPOST-mid-postemergence; LPOST-late-postemergence 
b EPOST treatments were applied at rice BBCH 26, E. crus-galli BBCH 21-23
c MPOST treatments were applied at rice BBCH 29, E. crus-galli BBCH 29.
d LPOST treatments were applied at rice BBCH 32-34, E. crus-galli BBCH 32-34.
e Means followed by the same letter within a column are not signifi cantly diff erent according to Fisher’s Protected LSD 

at P<0.05

Table 3. Control of E. crus-galli by diff erent POST herbicide treatments at diff erent DAT in fl ooded rice in Kočani and 

Vinica localities in 2013 and 2014, averaged over herbicide program.a–c

                                E. crus-galli control

POST Treatments Kočani locality Vinica locality

%

14 DAT 28 DAT 14 DAT 28 DAT

EPOST 95a 99a 97a 99a

MPOST 92a 98a 93a 97a

LPOST 87b 83b 82b 81b

LSD (0.05) 4.16 5.67 5.05 6.14

a Herbicide treatments included penoxulam (Rainbow 26.7 g a.i./L, Dow AgroSciences, Indianapolis, Indiana US) 

at 1.5 L/ha, cyhalofop-buthyl (Clincher duo 200 g a.i./L, Dow AgroSciences, Indianapolis, Indiana US) at 1.5 L/ha 

azimsulfuron (Gulliver 500 g a.i./L, E.I. du Pont de Nemours and Company, Wilmington, Delaware, US) at 0.04 kg/ha, 

and profoxidim (Aura 200 g a.i./L, BASF Agro B.V., Arnhem, NL, Switzerland) at 1.0 L/ha applied EPOST, MPOST 

and LPOST
b  Means followed by the same letter within a column are not signifi cantly diff erent according to Fisher’s Protected 

LSD at P<0.05
c Abbreviations: EPOST-early-posteemergence; MPOST-mid-postemergence; LPOST-late-postemergence.
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Vinica locality. Herbicides effi  cacy in control of E. crus-galli in Vinica locality was similar 

as in the previous locality. 14 days aft er EPOST treatment investigated herbicides controlled E. 

crus-galli between 87 and 91% (Table 1). Th e continued aff ecting of herbicides increased their 

effi  cacy in E. crus-galli control for 9 to 11% during the second estimation (28 day aft er EPOST 

treatment). Cyhalofop-buthyl and profoxidim, as well as penoxsulam and azimsulfuron pro-

vided identical E. crus-galli control, 100 and 98%, respectively (Table 2). At MPOST treatment, 

effi  cacy of herbicides in control of E. crus-galli 14 DAT was negligible lower than the same pe-

riod during EPOST treatment. Penoxulam, profoxidim and cyhalofop-buthyl provided control 

of E. crus-galli between 88 and 90%, while azimsulfuron provided 82% control of the same weed 

(Table 1). Considerable improving of effi  cacy was noted during the second estimation, 28 days 

aft er MPOST treatment. All herbicides provided control of E. crus-galli in the rice crop more 

than 95% (Table 2). During LPOST treatment, effi  cacy of herbicides in control of E. crus-galli 

14 days aft er LPOST treatment was signifi cantly lower than the same period during EPOST and 

MPOST treatments. Control of this weed in the rice crop was ranged between 80 and 85% (Table 

1). Because of regeneration (recovered) of some E. crus-galli plants, decreasing of herbicides ef-

fi cacy was noted 28 days aft er LPOST application. Profoxidim and cyhalofop-buthyl controlled 

E. crus-galli 81 and 82%, respectively while azimsulfuron and penoxulam provided 76 and 78% 

control of this weed (Table 2). E. crus-galli control averaged across POST herbicide programs 

was similar as in Kočani locality. 14 DAT effi  cacy was ranged between 97 and 93% at EPOST 

and MPOST treatments, and 28 DAT effi  cacy was ranged between 99 and 97% at same POST 

treatments, respectively. Signifi cantly lower effi  cacy was provided in LPOST treatment (82% and 

81%) at both estimation periods (Table 3).

 Similar results were reported by other authors. Ntanos et al., (2000) reported 85 to 95% 

E. crus-galli control in drained plots 30 DAT with cyhalofop-butyl applied EPOST at 150 g ai/

ha. Barnyardgrass control with cyhalofop-butyl applied LPOST at same rate was 75%. Barn-

yardgrass control with penoxsulam applied alone early postemergence (EPOST) and mid-poste-

mergence (MPOST) was greater than 99% (Ottis et al., 2003). Two of the resistant barnyardgrass 

biotypes in Greece were eff ectively controlled by azimsulfuron (0,02 kg ai/ha) applied at two-to 

three-leaf stage, but all biotypes were eff ectively controlled with addition of propanil (3.5 kg/ha) 

at the three-to fi ve-leaf stage. (Vasilakoglu et al., 2000). On the contrary, Vidotto et al., (2007) 

found that the fresh weight reduction of all Echinochloa population in Italian rice fi eld sprayed 

with azimsulfuron averaged 55.1%, 70.9% and 76.9% at 0.5 x, 1 x, and 2 x fi eld rate, respectively. 

But, linear contrast pointed out that E. crus-galli was signifi cantly more sensitive to azimsulfu-

ron than Echinochloa erecta and Echinochloa phyllopogon. Excellent control of E. crus-galli with 
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penoxulam applied at three-to four leaf growth stage has been reported by Ottis et al., (2003). 

Barnyardgrass control with penoxsulam has been reported to be at least 99% at 21 days aft er ap-

plication applied alone and following a PRE application of clomazone (Ottis et al., 2004). Penox-

ulam applied in rates of 20 to 40 g ai/ha provided 94 to 100% control of Echinochloa  oryzoides 

and Echinochloa phyllopogon at the three-to four-leaf stage. However, mixtures of penoxulam at 

20 or 30 g/ha with bentazon, azimsulfuron or MCPA resulted in reduced control of Echinochloa 

phyllopogon compared with a single application of penoxulam (Damalas et al., 2006).

Grain rice yield
 

E. crus-galli competition caused large reductions in the rice yield. Hill et al., (1985) cit. by 

Moon et al., (2010) reported that E. crus-galli cause more than 50% of rice yield with dense in-

festation without proper control. In Greece, season-long E. crus-galli competition at densities of 

10 plants/ m2 reduced yield by 30% (Ntanos et al., 1992). In Korea, according Kwon et al., (2007), 

the yield of rice was reduced by 51-60%. with densities of 96 E. crus-galli plants/m2. In China, 

densities of only 25 plants/m2 reduced rice yield by 50% (Chin, 2001), while VanDevender et al., 

(1997) reported that 20 E. crus-galli plants/m2 can reduce the rice yield by 80%. Comparison of 

untreated and weed-free control indicated that E. crus-galli reduced average rice yield by 42% 

and 40% in Kočani and Vinica locality, respectively. Rice yields in all POST herbicide treatments, 

except LPOST, were nearly twice greater than the nontreated control in both localities (Table 4). 

Herbicide treatments for control of E. crus-galli doubled rice yields in Italian experiments (Ta-

bacchi and Romani, 2002), while in experiments in Greece, control of E. crus-galli led to a four-

fold increase in rice yields (Ntanos, et al., 2000). Chin et al., (2000) have reported a signifi cant 

increase in rice yield with application of herbicides in compare with untreated controls, as well. 

In general, rice yields followed the variations in E. crus-galli control with yields increas-

ing as its control with the various POST treatments increased. In both localities all EPOST and 

MPOST applied herbicides resulted in rice yield which was not statistically diff erent from rice 

yield in the weed-free control (Table 4). Opposite, rice yield at LPOST treatments was statisti-

cally lower compare with the rice yield in the weed-free control. Because each LPOST herbicide 

provided lower E. crus-galli control, and caused rice injury (Table 5), there was signifi cant yield 

reduction in all plots treated with LPOST herbicides (Table 4). Ntanos et al. (2000) reported sim-

ilar results about greater rice yields when cyhalofop-butyl at 0.2 kg/ha was applied EPOST than 

when it was applied LPOST. Talbert and Burgos (2007) found that penoxsulam did not injure 

rice, and improved rice yields compared with standard propanil-based programs. Rice treated 

with penoxsulam (POST) yielded 3110 and 2730 kg/ha-1, respectively with and without the addi-

tion of clomazone PRE, in compares with 1140 kg/ha-1 in nontreated plots (Griffi  n, 2006).
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Table 4. Rice grain yield as infl uenced by EPOST, MPOST and LPOST applied herbicides in fl ooded rice in Kočani 
and Vinica localities (average for both years)a-c

Treatment

Rate
(L;kg/ha)

Kočani locality Vinica locality

EPOST MPOST LPOST EPOST MPOST LPOST

kg/ha

Non-treated control 3710b 3710b 3710d 3950b 3950b 3950c

Weed-free control - 6530a 6530a 6530a 6640a 6640a 6640a

penoxulam 1.5 6580a 6510a 6130c 6620a 6590a 6280b

cyhalofop-buthyl 1.5 6520a 6480a 6200bc 6600a 6550a 6340b

azimsulfuron 0.04 6470a 6420a 6060c 6680a 6570a 6350b

profoxidim 1.0 6550a 6490a 6280b 6690a 6630a 6330b

LSD (0.05) 118.67 127.00 144.97 153.74 138.82 130.40

a Abbreviations: EPOST-early-posteemergence; MPOST-mid-postemergence; LPOST-late-postemergence

b Herbicide treatments included penoxulam (Rainbow 26.7 g a.i./L, Dow AgroSciences, Indianapolis, Indiana US) 

at 1.5 L/ha, cyhalofop-buthyl (Clincher duo 200 g a.i./L, Dow AgroSciences, Indianapolis, Indiana US) at 1.5 L/ha 

azimsulfuron (Gulliver 500 g a.i./L, E.I. du Pont de Nemours and Company, Wilmington, Delaware, US) at 0.04 kg/ha, 

and profoxidim (Aura 200 g a.i./L, BASF Agro B.V., Arnhem, NL, Switzerland) at 1.0 L/ha applied EPOST, MPOST 

and LPOST

c Means followed by the same letter within a column are not signifi cantly diff erent according to Fisher’s Protected LSD 

at P<0.05

Table 5. Rice plant injury as infl uenced by EPOST, MPOST and LPOST applied herbicides in fl ooded rice in Kočani 

locality in 2013 and 2014, averaged across years 

Treatment

Rate
(L;kg/

ha)

Kočani locality Vinica locality

EPOST MPOST LPOST EPOST MPOST LPOST

%

Non-treated control - - - -

penoxulam 1.5 0 0 7 0 0 8

cyhalofop-buthyl 1.5 0 0 12 0 0 10

azimsulfuron 0.04 0 0 9 0 0 11

profoxidim 1.0 0 0 18 0 0 13
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