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ABSTRACT 

Two field experiments were conducted during two successive seasons (2018 and 2019), at Sids 
Agricultural Research Station, Bani Swif, Egypt, to evaluate efficacy and selectivity of some soil-
applied herbicides (Butralin at  120 g, Pendimethalin at  773.5 g and Acetochlor at 840 g a.i. fed.). In 
addition, hand hoeing (twice) and weed check (control), under influence of different application 
methods as pre-emergence (experiment 1) or pre-planting (experiment 2) on vegetative growth and 
grain sorghum were simultaneously examined. Each experiment was laid out in a Randomized 
Complete Blocks Design, with four replicates. The results showed that there was no difference on 
efficacy of weed control between two application methods of soil-herbicides whereas there was 
satisfactory controlling effect of total weeds in both seasons. Also, the results revealed that in the pre-
emergence application gave the highest injury in vegetative growth, which were inversely related 
between the vegetative growth and yield and its components. Whereas the increasing reduction in 
number of plants/plot, yield and its components decreased. On the contrary, in pre-planting application 
there was no adverse effect on vegetative growth, rather there was a positive correlation,  whereas 
increases in number of plants/plot, yield and its components increased, in both seasons. Generally, it is 
concluded that, sorghum vegetative growth, yield and its components were not affected by these 
herbicides, so that appear to have good potential for controlling effect on weeds and selectivity of 
grain sorghum when applied pre-planting (14 days from application) but (pre-emergence) is risky. 
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1. INTRODUCTION 
Sorghum (Sorghum bicolor (L.) Moench) is a 

cereal grain originated in Africa and grown in 
tropical, subtropical, and arid regions (Dykes et 
al., 2013). Today, sorghum is grown all over the 
world because it has been found to be a drought 
tolerant crop with better water use efficiency 
compared to the cereals, maize and rice (Moges 
et al., 2007). In Egypt, sorghum is considered as 
one of the most important summer cereals for 
both human, animal consumption and industrial 
products (Dahlberg et al., 2011; Dicko et al., 
2006 and Awika & Rooney, 2004). In addition, 
sorghum occupies about 14,7961 ha, producing 
up to 727,648 tons of grains (FAO, 2017).  

Weeds are the most serious pests reducing the 
growth, yield and quality of grain sorghum by 
competing with sorghum for nutrients, water, 
and light (Grichar et al., 2005). However, 
sorghum is a poor competitor against weeds due 

to slow growth and poor vigor for the first three-
four weeks after emergence, although it 
eventually establishes a dense canopy (Peerzada 
et al., 2017). Yield losses due to weed 
competition ranged between 15-55 % (Everaarts, 
1993). In addition, yield losses reached 85 % for 
grain sorghum and 81 % for forage sorghum 
(Andres et al., 2009 and Rodrigues et al., 2010).  

The main problem of sorghum is its high 
sensitivity to graminacouse herbicides, which is 
why mechanical weed control must be carried 
out, which makes production more expensive 
(Bibard, 2004) 

Herbicides recommendations for grain 
sorghum are limited (Mishra, 2015) because they 
are highly toxic to sorghum and therefore cannot 
be applied without specific antidotes or safeness 
to protect sorghum from the phytotoxic effects 
of herbicides (Vajs et al., 2007; Delchev and 
Barakova, 2018). In Egypt, there are no 
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Table (1): Mechanical and chemical analysis of the experimental soil.  
Mechanical analysis Chemical analysis Available nutrients 

Sand
% 

Silt
% 

Clay
% 

Textur
e 

OM PH 
E.C 

mmhos/cm 
N
% 

P 
(ppm) 

K 
(ppm) 

Fe 
(ppm) 

Mn 
(ppm) 

Zn 
(ppm) 

19.8 30.8 49.4 
Clay 
loam 

1.55 7.72 1.1 0.1 29.2 370.1 33.0 19.0 5.7 

 

officially recommended herbicides for 
controlling weeds on sorghum. Even when used, 
maize herbicides may provide effective weed 
control but they can injure the sorghum crop. 
Therefore, problems for controlling 
graminacouse  weeds on grain sorghum requires 
the introduction of new concept technology  
based on the use of herbicides without causing 
damages to sorghum. It makes possible 
controlling annual graminacouse weeds to be 
carried out by herbicides as (dual, stomp and 
harness). 

Thus, the  current  research aimed to develop 
a  technique based on the application of soil 
applied herbicides (without antidotes/safeness) 
during the period after herbicides application, 
before sorghum grains sowing (called Improved 
method / pre-planting); is considered, the key 
practice for controlling weeds without injury to 
the crop compared to the Traditional method      
( pre-emergence). Also, to study the effects of 
these herbicides on sorghum safety, productivity 
and associated weeds. 

 
2. MATERIALS AND METHODS 

Two Field experiments were carried out 
during successive summer seasons of 2018 and 
2019, at Sids Agricultural Research Station, 
Beni-Suef Governorate, Agricultural Research 
Centre (A.R.C.), Egypt, to evaluate the 
efficiency of some soil applied herbicides on 
weed control and sorghum safety under two 
different sowing methods, namely, 1- Traditional 
sowing (pre-emergence) as experiment (1), and 
2- Improved sowing (pre-planting) as 
experiment (2). Moreover, to study the effects of 
these herbicides on sorghum productivity and 
associated weeds. Each experiment was laid out 
in a randomized complete block design (RCBD) 
with four replicates. The Each plot area was 10.5 
m2 (5 rows X 3.5 m length). The row-to row and 
plant-to-plant distances were 60 cm and 20 cm, 
respectively. 

In both field experiments, herbicide 
treatments were as follows:  

1. Butralin "Amex 48 % EC" used at the 
recommended rate 2.5 L/fed. 

2. Pendimethalin "Stomp Extra 45.5% CS" 
used at the recommended rate 1.7 L/fed. 

3. Acetochlor "Harness 84% EC" used at the 
recommended rate 1.0 L/fed. 

4. Hand hoeing Twice: at 20 and 45 days after 
sowing (DAS).  

5. Untreated (control).  
The herbicide treatments are explained in 

Table 2. 
2.1. Herbicides application 
Experiment 1: the herbicides (Butralin, 
Pendimethalin and Acetochlor) were applied as 
Pre-emergence after sowing sorghum grains and 
immediately prior to irrigation. 
Experiment 2: the same previous herbicides 
were applied before sowing sorghum grains.  

The herbicides were sprayed, by Knapsack 
sprayer CP3, with water  (200 Liters per feddan) 
in both experiments. 

In both experiments, Sorghum cultivars 
"Dorado Variety" obtained from the Agriculture 
Research Center, Giza, Egypt, Sorghum grains   
were sowing manually on one side in hills at the 
rate of 20 kg/fed., and sawn on the 1st week of 
June in Experiment 1 (pre-emergence 
application), where grains were sown before 
spraying herbicides and irrigation. In the 
Experiment 2 (pre-planting application), grains 
were sawn after 14 days from spraying 
herbicides and sowing-irrigation.  

The seedling  were thinned to one plant per 
hill before the 1st irrigation in each experiments. 

 Harvesting was on October the 10th 
(Experiment 1) and 20th (Experiment 2) in both 
seasons. The cultural practices for sorghum 
production were conducted according to local 
recommendations. The soil texture in both 
experiments was clay loam. Chemical and 
Physical analysis of the soil were carried out 
according to (Jackson, 1960) and (Wilde et al., 
1985) and data are shown in Table (1). 
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2.2. The following data were recorded 
2.2.1. Herbicides residues  

Sampling of herbicides residues (Butralin, 
Pendimethalin and Acetochlor) in soil were 
taken at depths (7 cm) and different time points 
(zero time and after 14 days from herbicide 
application) in both experiments. Herbicides 
residues were determined according to the 
method of (BS/EN (15662:2018)) with some 
modifications in the Central Laboratory for 
Pesticides, Agriculture Research Center, Dokki, 
Giza, Egypt. 
2.2.2. Vegetative growth characters 
2.2.2.1. Establishment of the number of plants 
per plot: after 30 days from herbicide 
treatments. 
2.2.2.2. Plant height (cm): after 30 days from 
herbicide treatments. 
2.2.3. Weeding: Weeds were hand pulled from 
one square meter chosen at random from each 
plot at 60 days after application (DAA) of 
herbicide treatments, identified according to 
Täckholm (1974), and classified into their 
species and divided into the following groups: 

1- Annual broad-leaved weeds.  
2- Annual grassy weeds. 
3- Total of annual weeds.  

Weed control efficiency (WCE) was 
calculated as follows:  

 
 
 
  
 

Where, FWC = Fresh weight of weeds from 
the control plot and FWT = Fresh weight of 
weeds from the treated plot. 
2.2.4.Yield and its Components 

At harvest, ten plants were randomly 
selected from each plot to study the following 
characteristics: panicle length (cm), weight of 
grains (g)/panicle and weight of 1000 grains (g). 
Weight of grains of central 4 m2 of each plot (the 
weight were corrected to 15.5 % moisture) and 
converted to ardab per feddan (1 ardab =140 kg) 
to determine Grain yield per feddan (4,200 m2).  
2.2.5. Statistical Analysis 

All data were statistically analyzed 
according to technique of Analysis of Variance 
(ANOVA) for the randomized complete block 
design with four replicates as mentioned by 
(Gomez and Gomez 1984). Duncan (1955) 
multiple range tests were used for the 
comparison between means. All statistical 
analysis was performed using analysis of 
variance technique by means of MSTAT-C 
computer software package (Snedecor and 
Cochran 1980). 

 
3. RESULTS AND DISCUSSION 

3.1. Effect of weed control treatments on: 
3.1.1. Weeds 

In both experimental sites during both 
growing seasons of sorghum the major weeds 
flora identification and classification included 
Portulaca oleracea L., Amaranthus cruentus L., 
Xanthium strumarium L., and Euphorbia 
geniculata L., as broad-leaf weeds. While 
Brachiaria repans L., Dinebra retroflexa L. and   
 

Table (2): Trade, common and chemical names, family group and site of action of the 
herbicides according to the pesticide manual (2012) and the number of group 
according to (WSSA, 2011) classification. 

Trade 
name 

Common 
name 

Chemical name Family group 
Site of 
Action 

WSSA 
Group 

Amex 48 % 
EC 

Butraline 
[[4-(1,1-dimethylethyl)-
N-(1-methylpropyl)-2,6-

dinitro benzenamine 
Dinitroanilines 

Inh. Cell 
division  

3 
Stomp 
Extra 45.5% 
CS 

Pendimethalin 

[ N - (1-ethylpropyl) -3, 
4-dimethyl-2, 6-dinitro 

benzenamine] 
 

Dinitroanilines 

Harness 
84% EC  

Acetochlor 

[2  chloro -N- 
(ethoxymethyl)  N  - 

(2-ethyl-6-methyl 
phenyl) acetamide 

chloroacetamide 15 

 

FWC  FWT

FWC 
WCE% =   x 100
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Echinochloa colonum L. were identified as 
grasses. (Table 3) showed that all herbicide 
treatments in   both pre-emergence and pre- 
planting applications provided better broad 
spectrum of weed control. In the pre-emergence 
herbicides application (pendimethaline at 
773.5g, Acetochlor at 840g and butralin at 120g 
a.i fed.) gave satisfactory controlling effect of 
total weeds whereas reached to (88.5, 86.6 and 
83.3 %, respectively). Similar trend was noticed 
in the pre-planting application, where it  reached 
to 90.8, 89.2 and 84.2%, respectively, in the first 
season. The same trend was observed in the 
second season. There was no difference in weed 
control efficacy between pre-emergence and pre-
planting methods in each experiment. This is 
because the herbicides applications in both 
methods were carried out under similar 
conditions. Consequently, the activity of 
herbicides on the target weed species was similar 

in both methods. These results are in harmony 
with (Gerik et al., 2003) found that the 
applications of Pre-emergence herbicides (Dual, 
Lasso and Frontier) are widely used to control 
weeds in sorghum. Also, (Khaffagy et al., 2015) 
found that application of pre-emergence 
herbicides (Acetochlor at 900 g a.i.fed-1 (Vern), 
Acetochlor at 840 g a.i.fed-1 (Harness) and 
Pendimethaline at 773.5 g a.i.fed-1 (Stomp Extra) 
gave satisfactory effect on controlling  total 
weeds more than 80%. In addition, (Takano et 
al., 2016) indicated that Metazachlor and 
Alachlor recommended for controlling weeds in 
maize, were used in sorghum by producers due 
to the affinity between both crops, and being 

tested in research study for sorghum crop. In this 
respect, (James et al., 2005) revealed that the 
combinations (Mesotrione, s-metochlore and 
Atrazine) and (Mesotrione, s-metochlore) 
provided better broad spectrum weed control 
when applied as pre-planting (10 or 20 days 
before planting) than when applied pre-
emergence. The efficacy of herbicides on weed 
control referred to inhibition cell division 
whereas, Dinitroaniline family (Pendimethalin 
and Butralin) are interfering with the formation 
of microtubules by binding to tubulin molecules 
(Appleby and Valverde, 1989), consequently, 
inhibition of main root and to greater extent 
lateral root formation resulting in short and thick 
lateral roots. In addition, Chloroacetamide 
family (Acetochlor) is inhibition cell division by 
another way as blocking biosynthesis of very 
long chain fatty acids (Schmalfuss et al., 2000 
and Böger et al., 2000). 

3.1.2. Vegetative growth characters 
 Results   in Table (4 ) revealed that in the 

pre-emergence herbicides application 
((pendimethaline  at 773.5g,  Acetochlor at 840g 
and butralin at 120g a.i fed.)) gave significantly 
the highest injury number of sorghum plants per 
plot, whereas, the reduction percentage in the 
previous herbicides were (23.8, 23.4 and 37.4 %, 
 respectively), compared to hand hoeing 
treatment, also they gave shorter plant height 
(22.30, 22.33 and 21.75 cm, respectively), in the 
first season. The same trend was in the second 
season. Therefore, the hand hoeing treatment 
gave   significantly   superiority   in  vegetative 
growth than herbicides treatments. 

Table (3): Effect of weed control treatments on fresh total weeds (g/m2) in two experiments of 
application methods in both seasons. 

Treatments  
Rate 
/ fed. 

g a.i./ 
fed. 

Exp.1  
Pre-emergence application  

(traditional method) 

Exp.2 
Pre-planting application  

(improved method) 
season 2018 season 2019 season 2018 season 2019 
Mean % Mean % Mean % Mean % 

Butralin 
(Amex)  

2.5 l 120  380.3 b 83.3 491.0 b 80.6 403.5 b 84.2 352.3b 86.3 

Pendimethaline 
(stonp Extera) 

1.7 l 773.5  262.5 b 88.5 298.3 b 88.2 233.8 b 90.8 201.5b 92.2 

Acetochlor 
(Harnnes) 

1 l 840  306.0 b 86.6 384.3 b 84.8 275.8 b 89.2 287 b 88.9 

Hand hoeing (twice) 397.5 b 82.6 479.0 b 81.0 426.5 b 83.3 457.3 b 82.3 
Untreated weed 2279.0 a 0.0 2525.8 a 0.0 2548.8 a 0.0 2577 a 0.0 
Any two means in the same column sharing same letters did not differ significantly by Duncan at 5% level of probability. 
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On the contrary, results in Table (5) showed 
that  in the pre-planting method had no  adverse 
effect on the number of sorghum plants per plot 
and plant height (cm), also, there were no 
significant differences between each of the 
previous herbicides and hand hoeing treatment in 
both seasons.  

The damage of Pre-emergence herbicide 
application referred to sorghum seedling  are 
able to take up  the herbicide at a rapid rate but 
are not able to metabolize as fast as they can be 
absorbed (Hartzler, 2020). Therefore, the results 
in Table (6) showed that the herbicide amounts 
(Butralin, Pendimethalin and Acetochlor) at zero 
time (in both applications) were high, reaching 
to 5.13, 2.5 and 3.92 mg/kg, respectively. Thus, 
pre-emergence application only causes  toxicity 
and damage to sorghum seedling. 

In contrast, the results in Table (6) showed 

that the herbicide residues at 14 (days from 
application) in the pre-planting method were of 
smaller amount (reaching to 1.01, 0.88 and 0.28 
mg/kg, respectively), than the amount at zero 
time. In addition, results in Fig. (1) confirmed 
that the reduction percentage of the amount of 
herbicides residues reached 80.3, 64.8 and 
92.9%, respectively, compared to zero time. 
Moomaw et al. (1992) and Hartzler (2020) 
explained that the herbicides degradation in pre-
planting application take long period (14 days) 
resulting in increases in metabolism, reducing 
phytotoxicity. While, in pre-emergence, it is 
short period. Thus, the pre-planting method was 
effective for weed control and safe for sorghum 
plants compared to pre-emergence method 
which was effective for weed control but injury 
sorghum plants. 

 
Table (4): Effect of weed control treatments on the vegetative growth after 30 days from applied 

herbicides in Pre-emergence application in both seasons. 

Treatments 
Rate / 
fed. 

g a.i./ 
fed. 

 Pre-emergence application (traditional method) 

Number of plants/plot Plant height (cm) 

2018 season 2019 season 2018 season 2019 season 
Butralin (Amex)  2.5 l 120  24.8 b 22.5 b 21.75 b 22.5 b 
Pendimethaline 
(Stomp Extera) 

1.7 l 773.5  15.8 c 17.3 d 22.30 b 23.5 b 

Acetochlor 
(Harnnes) 

1 l 840  15.5 c 18.8 c 22.33 b 22.5 b 

Hand hoeing (twice) 66.3 a 66.3 a 26.75 a 27.5 a 
Untreated weed 66.0 a 66.0 a 22.13 b 21.8 b 
Any two means in the same column sharing the same letters did not differ significantly by Duncan at 5% level of 
probability. 

Table (5): Effect of weed control treatments on the vegetative growth after 30 days from applied herbicides in 
pre-planting application in both seasons. 

Treatments 
Rate / 
fed. 

g a.i./ 
fed. 

Pre-planting application (improved method) 

Number of plants/plot Plant height (cm) 

2018 season 2019 season 2018 season 2019 season 

Butralin (Amex ) 2.5 l 120  66.3 a 67.3 a 26.5 a 27.3  a 

Pendimethaline (stomp 
Extera) 

1.7 l 773.5  66.3 a 67.50 a 27.0 a 27.9  a 

Acetochlor (Harnnes) 1 l 840  66.3 a 67.3 a 27.0 a 27.5a 

Hand hoeing (twice) 66.3 a 67.3 a 26.0 a 26.8  a 

Untreated weed 66.3 a 67.3 a 23.5 b 24.3  b 

Any two means in the same column sharing the same letters did not differ significantly by Duncan at 5% level of 
probability. 
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Fig. (1): Herbicides amount (mg / kg) in soil for butralin, pendimethaline and Acetochlor at zero 
time and after 14 days from application.  

 

Table ( ): Herbicides amount (mg / kg) in soil at two times of taken sample from herbicides application. 

Herbicide residues after 14 
days from application 

Herbicides residue  
at zero time 

g a.i./ 
fed.  

Rate / 
fed. 

Herbicides 

1.01 5.13 120 2.5 l 
Amex 48% EC  

(butralin) 

0.88 2.5 773.5 1.7 l 
Stomp extra 45.5% CS 

(Pendimethalin) 

0.28 3.92 840 1 l 
Harness84%EC 
 (Acetochlor) 

 

3.1.3. Yield and its components 
Yield and its components were a reflection of 

the effect of herbicides treatments on the number 
of plants per plot in either of the two methods. 
Data in Tables (  and ) revealed that in the pre-
emergence herbicides application (Butralin at 
120 g, Pendimethaline at 773.5g  and Acetochlor 
at 840 g a.i. fed.) were inversely related between 
the number of plants per plot and yield and its 
components (panicle length (cm), weight of 
grains (g) panicle and weight of 1000 grains 
(g)). Thus as the reduction on the number of 

plants per plot increases, yield and its 
components decreased, whereas, the reduction 
on grain yield reached to (2.94, 1.69 and 1.74 
ardab/fed., respectively) compared to the hand 
hoeing in the first season. The same trend was in 
the second season. This result agree with (Gerik 
et al., 2003) who found that the application pre-
emergence herbicides (Dual, Lasso and Frontier) 
perfect to control weeds in sorghum. However, 
they can significantly injure the crop.  

While, in the pre-planting method, there was 
a positive correlation, where with increases in 
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the number of plants per plot, yield and its 
components increased. This explained that these 
herbicides when exposed for a long time,  their 
degradation can result in decreased toxicity and 
proceeds to a safe level on sorghum plants. 
Consequently, crop injury did not occur 
compared to pre-emergence application method. 
These results are in agreement with  (James et 
al., 2005) who found that when both the 
herbicides (Mesotrione and s-metolachlore (0.33 
and 3.34 ib a.i./gal, respectively)) and 
(Mesotrione, s-metolachlore and Atrazine (0.27, 

2.68 and 1.00 ib a.i/gal, respectively)), were 
used,  they appear to have good potential for use  
in grain sorghum when applied at 10 or more 
days pre-plant, but pre-emergence application is  
risky. 
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