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ABSTRACT 

 
The results of studying the effect of acetochlor and its mixtures on the 

emergence of Portulaca oleracea weed revealed that in general the least effective 
treatments were acetochlor mixture with citric acid with 2.74 weeds/ m

2
 as a mean, 

followed by acetochlor alone (2.30). While the most effective treatments resulting in 
low mean were acetochlor+ phosphoric acid (0.52), followed by the other treatments.  
For X. brasilicum the mean values showed that acetochlor half dose with phosphoric 
acid, with palm oil and with capl 2 crude oil were the most effective mixtures with 
(0.19, 0.41 and 0.30 weed /m

2
). The mixture with citric acid was the least effective 

(0.96 weeds /m
2
) beside acetochlor alone with (1.96 weeds /m

2
) comparing with 4.33 

weeds / m
2.

 While full dose of acetochlor was more effective on inhibiting the 
emergence of both tested weeds. Acetochlor mixture with phosphoric acid was the 
most effective mixture in suppressing both weeds emergence.  

In general the fresh weight obtained from treatment with half recommended 
dose was higher than that obtained on treatment with full dose. Acetochlor alone and 
its mixture with citric acid resulted in fresh weight higher than all the other treatments 
as for the full dose and its half of the two tested weeds. There was very high % 
germination of the cucumber as a test plant in the treated soil layer 5 – 10 cm. This 
may be due to the effect of the tested adjuvants except for citric acid which didn’t 
show the same effect. 

The persistence of acetochlor with phosphoric acid was higher than all the 
other treatments during the experiment interval including acetochlor alone. The 
highest RL50 value was that of acetochlor with phosphoric acid (27.73 days), while the 
lowest was that of acetochlor with arabic gum (6.56 days).      

 
INTRODUCTION 

 
   Portulaca oleracea L. (Common name purslane) and Xanthium 
brasilicum (Cocklebur) are annual summer weeds, which grow in maize 
fields. Maize is the third most important cereal grain after wheat and rice. 
Weed – crop competition is among the most important weeds management 
methods, which can lead to 35 – 79 % reduction in yield (Ford and Pleasant, 
1994). Cultural, mechanical and chemical methods are also commonly used 
for controlling weeds. No doubt cultural methods are still useful tools but are 
expensive and time consuming, so chemical control is an important 
alternative (Tahir et al.  2011).     

A large number of herbicides such as acetochlor are applied directly 
to the soil. (Huertas – Perez et al. 2006).  Acetochlor is used as pre – 
emergence or pre- plant to control annual grasses, certain annual broad 
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leaved weeds and yellow nutsedge in soybeans. It is absorbed by the shoots 
(less so by the roots) of germinating plants and inhibits protein synthesis in 
susceptible plants (Anonymus 2004). 

The use of adjuvant in combination with herbicide enhances the 
herbicide retention and thus increases the phytotoxicity of herbicide 
(Zadorozhny, 2004). Adjuvants are any substance either in a herbicide 
formulation or added to the spray tank, that modifies herbicidal activity or 
application characteristics. The interactions between herbicide formulation 
and adjuvants however are not simple and depend on many factors which 
include crop/weed, droplet characteristics, adjuvants type, chemical form of 
the herbicide and environmental conditions. Under standing the complexity of 
these interactions is essential for herbicide optimum utilization, particularly in 
prolonging, enhancing and improving the efficacy, reduction of the critical rain 
– free period , minimizing herbicide leaching into ground water and 
decreasing  harmful effect to non- target plants (Pacanoski  2010). 

A good review of different adjuvant terms and definitions can be 
found in Hazen (2000) or in Van Valkenburg (1982). Adjuvants were divided 
into two primary types based on their functions: activator adjuvants and utility 
adjuvants (Hess 1999, Kirkwood 1994). Activator adjuvants enhance the 
activity of the herbicide, often by increasing rates of absorption of the 
herbicide into the target plant. Utility adjuvants, which are sometimes called 
spray modifiers, alter the physical or chemical characteristics of the spray 
mixture making it easier to apply, increasing its adherence to plant surface so 
that it is less likely to roll off, or increasing its persistence in the environment. 

The present experiment was carried out to study : 1- the action of five 
adjuvants namely , phosphoric acid , palm oil , capl 2 crude oil , arabic gum 
and citric acid on effectiveness of acetochlor  with recommended dose and its 
half  on two annual weeds Portulaca oleracea and Xanthium brasilicum.  2- 
Detection of acetochlor in soil using plant bioassay.3– Persistence of 
acetochlor in soil using GC.  
   

MATERIALS AND METHODS 
 

Field evaluation experiment  
Field experiment was conducted at the Experimental station, Faculty 

of Agriculture, Cairo University to evaluate the effect of acetochlor alone or 
with several adjuvants at spray volume 200 L/fed. for the control of two 
annual weeds Portulaca oleracea and Xanthium brasilicum in corn Zea mays    
field. The experimental area was divided according to the randomized 
complete block design including three replicates for each treatment. 
Acetochlor was applied preemergence at the recommended rate (1.0 L/fed.)  
and its half (0.5 L/fed.).  The tested adjuvants orthophosphoric acid, capl 2 
crude oil, palm oil, arabic gum and citric acid were applied at 0.3% in 
mixtures with acetochlor.  Five plants were randomly collected from each 
replicate and fresh weight was determined. Also, number of emerging plants 
from each replicate was counted. All data were subjected to analysis of 
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variance (ANOVA), and treatment means were separated using Duncan test, 
(Duncan 1955).  
Detection of acetochlor in soil using plant bioassay:  

Acetochlor residues in the soil were bioassayed using cucumber 
(Cucumis sativus L.Cv.) as test plant. The test plant was directly seeded into 
soil previously treated with acetochlor alone and or mixed with several 
adjuvants. Soil samples were collected randomly from each treatment on the 
0, 3, 6, 14, 21, 28, 35 and 42 days after application. The soil samples were 
taken at two depths of 0 - 5 and 5 - 10 cm and each sample was replicated 
three times. Soil samples were placed in plastic pots and ten cucumber 
seeds were sowed in each pot and watered. The germination percentage of 
cucumber was recorded after two weeks.  
Determination of acetochlor residues in soil using GC:  

Soil samples were randomly collected from each treatment at 0, 3, 6, 
14, 21, 28, 35 and 42 days after spraying. Twenty grams soil sample was 
extracted with 60 ml. methanol for 2 hr. using a shaker. The extract was 
filtered and dried on sodium sulfate anhydrous, then evaporated to dryness at 
50 

O
C using a rotary evaporator. The residues were redissolved in methanol 

for GLC determination.  Quantitative analysis of acetochlor was performed by 
a Hewlett – Packard Series 6890 gas chromatography (GLC), equipped with 
electron capture detector (ECD) . The column was HPI (25 m x 0.32 mm x 
0.17 um film thicknesses). Temperatures of the column, injector and detector 
were 200, 220 and 320, respectively. The flow rate of nitrogen was 1.0 ml/ 
min. Under these conditions, the retention time (Rt) of acetochlor was 3.5 
min. Good linearity was obtained for the active ingredients with correlation 
coefficient between 0.97488–0.99781.  

The recoveries of the active ingredients were determined by 
fortification of soil samples at concentrations 0.01, 0.1 and 0.2 mg /kg soil in 
three replicates, mixed well and extracted as described above. The average 
recoveries were 94 %.  The rate of degradation of the tested herbicide alone 
and herbicide plus adjuvants and half–life periods (RL50) in soil were 
calculated according to the equation of (Moye et al. 1987).  
RL 50 = Ln2 / K = 0.6932/K  
K = (1/ tx ) X Ln (a/bx )  
Where:  
K = rate of decomposition  tx = time in days   
a = initial residue                       bx = residue at x time 

 

RESULTS AND DISCUSSION 
 
Field evaluation experiment:  

Field experiments were conducted to determine the efficacy of 
acetochlor alone and its mixture with five different adjuvants on two annual 
weed species, namely Portulaca oleracea and Xanthium brasilicum. The 
effect of interaction of the herbicide, the type of adjuvant and the effect of 
mixing varied on the two tested weeds  during the 56 days of the experiment . 
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1- Effect on the number of emerging weeds:           
Table (1) show that the number of weeds/m

2
 was affected by the 

applying acetochlor either with the recommended dose or its half, alone and  
or mixed with different adjuvants. As for treatment of Portulaca oleracea 
weed with acetochlor at half dose, the number of weeds/m

2
 in control 

treatment were significantly different than all of the treatments. Data in Table 
(1) show that after 21 days post spraying there was significant difference in 
the numbers of weed /m

2
 between acetochlor alone (t1) and   with citric acid 

(t6) (1.7 and 1.7 weed/m
2
) and the other treatments which ranged from 0.0 to 

0.3 at half recommend dose. At 28 there was no difference between 
acetochlor alone (t1), with arabic gum (t5) and with citric acid (t6) weeds/m

2
. 

Acetochlor with phosphoric acid (t 2), palm oil (t 3) and capl oil (t 4) 
completely inhibited the emerging weeds. Acetochlor alone and its mixture 
with citric acid at half the recommend dose had lowest effect on number of 
emerging weeds/m

2
 (3.0 and 2.7), followed by t 5, t 3, t 2, t 4 after 35 days. In 

42 days after the herbicide and adjuvants application there was a significant 
difference in the number of P. oleracea weeds/m

2
 between acetochlor alone 

and all the other treatments whereas it reached 4.0 emerging weeds/m
2
 for 

acetochlor alone followed by acetochlor + citric acid (3.3), then t 3 and t 5 
were of the same emerging number (2.0), the least number of weeds/m

2
 

appeared in t2 and t4 (1.0 and 1.3), respectively. At 56 days post treatment  
acetochlor + phosphoric acid had the highest effect  on suppressing the 
emergence of weed/m

2
 (1.7) compared to (5.0) obtained with acetochlor 

alone treatment. Acetochlor alone and with its mixtures had effect on the 
emerging number of weeds compared to the control. 
          The most effective mixture was with phosphoric acid with a mean value 
of (0.52 weed/m

2
), while the beast effect mixture was that of citric acid (2.74 

weed /m
2
) compared to 5.59 weed/m

2
 for the control. 

Application of adjuvants with full dose of the herbicide resulted in 
significantly lower number of P. oleracea weeds compared to treatment with 
half its dose. Results tabulated in Table (1) show that control was significantly 
different than all the other treatments, with highest number of emerging 
weeds/m

2
 (3.3 – 16.7). At 21 days after spraying acetochlor alone and with 

citric acid were also significantly different than the other four mixture, which 
had no emerging weeds, while 28 days after application there was no 
significant difference between all the treatments (0.0 – 1.3 weed/m

2
).      35 

days results varied, where acetochlor had the highest emergence no (2.0) 
followed by acetochlor + citric acid (1.3), then acetochlor + palm oil (1.0) and 
acetochlor + arabic gum (1.0), while acetochlor + phosphoric and acetochlor 
+capl 2 crude oil (0.3) were more effective with the lowest number of 
emerging weed/m

2
. Results of 42 and 49 days   were of the same trend as 21 

days but differed in the values.  
Acetochlor alone and acetochlor+ citric acid resulted in less effect 

with higher number of weeds /m
2
 at 42 and 49 days, respectively with 

significant differences than the other mixtures.  At 56 days the same trend 
was obtained but with almost higher number of weeds/m

2
 ranged from 1.0 to 

6.0 for all treatments comparing with 16.7 weeds/m
2
 for the control. 
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            Treatments with full dose had almost the same trend of results except 
for the number of emerging P. oleracea weeds were lower for the treatments. 
For example the acetochlor alone (t1) was 2.30 weeds/m

2
 on treatment in the 

half dose compared to 1.41 weeds/m
2
 on treatment with full dose. 

For the second weed Xanthium brasilicum, on spraying 0.5 L/fed. 
(half recommended dose) there was a significant difference in the number of 
emerging weeds/m

2
 between the control and all the treatments starting from 

the 21 day. Acetochlor alone was least effective than all the other treatments. 
Its values ranged from 1.7 to 6.0 weed/m

2
 for the acetochlor alone treatment 

compared to control treatment, with highest number of weed/m
2
 which ranged 

from 3.0 to 11.7. 28 days after application the acetochlor with phosphoric acid 
(t 2), and with capl oil (t4) inhibited completely emergence of   weed, while t3, 
t5 and t6 had slight variation in their effect on emergence of X. brasilicum 
weeds. The results after 42 and 49 days were almost the same, where t 3 
and t 4 had more effect on emergence of X. brasilicum. Mean values showed 
that acetochlor with phosphoric acid and two oils (palm and capl oil) were 
more effective in decreasing the number of emerging X. brasilicum.                                                                                

On applying the recommend dose (1.0 L/fed.), the results differed 
than those of half the dose except for the control. The results of 21 days after 
application revealed no significant differences between the six treatments 
(acetochlor alone and its five mixtures with different adjuvants as they all 
inhibited the emergence of X. brasilicum. While at 28 days after application 
acetochlor alone and its mixture with citric acid had the same number of 
emerging weeds/m

2
, the other treatments still had high effect on the weed 

inhibition, as they prevented the emergence. The same results were nearly 
obtained at 35 days except for t5 (0.7 weed/m

2
). 42 days post spraying, 

acetochlor was the least effective with 1.7 weeds/m
2
 emerging. Acetochlor + 

capl 2 crude oil had highest effect on inhibiting the emergence (0.0 weed 
/m

2
), while its mixture with palm oil, arabic gum and citric acid had  different 

effects 0.67,1.0 and 1.33 weed/m
2
, respectively. At 49 days from treatment 

acetochlor was still the least effective with 2.3 emerging weed/m
2
 the other 

acetochlor mixtures, which ranged between 0.7 – 1.3 weed/m
2
. The same 

results were obtained 56 days after spraying, t5 and t 6 were of less 
effectiveness on preventing the X. brasilicum emergence (2.3 weed/m

2
). The 

mean values show that acetochlor with phosphoric acid (t2), palm oil (t3) and  
capl oil (t4) were the most effective mixtures on decreasing the number of 
emerging  X. brasilicum with (0.19 , 0.22 and 0.22  weed/m

2
 ) compared to 

(1.07) for  acetochlor alone  and  4.19 weeds/m
2
 for control. From Table (1) it 

can be concluded that full dose of acetochlor was more effective on inhibiting 
the emergence of both tested weeds. Acetochlor mixture with phosphoric acid 
was the most effective mixture in suppressing both weeds emergence.   
2- Effect on the fresh weight:     

Table (2) shows the effect of acetochlor alone and with different 
adjuvants on fresh weight of the tested weeds. The results obtained for 
Portulaca oleracea when treated with acetochlor full dose and its half dose, 
were significantly different between control and all treatments throughout the 
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experiment. The fresh weight of the control was higher obviously than the 
treatments.  

On treating Portulaca oleracea with half recommended dose, there 
was significant difference between control (11.3-30.3 gm/plant) and the other 
treatments on fresh weight. After 28 days from application the fresh weight, 
obtained, was (1.2 gm/plant) for acetochlor alone while there was no fresh 
weight obtained with the mixtures except for t6 whose fresh weight was 0.6 
gm/plant. As for 35 days after application t3 resulted in highest fresh weight 
followed by t 1, t 6, t 2, t4 and then t5. The values of fresh weight obtained 
after 42, 49 and 56 days post spraying, increased than the previous intervals. 
The value obtained from acetochlor alone was higher in the 3 intervals, than 
that of the mixtures. The descending order of the mean fresh weight of P. 
oleracea obtained from the treatment with half dose was as follows: 
acetochlor alone, with palm oil, with citric acid, with phosphoric acid, with 
arabic gum and with capl oil and 2.15, 1.40, 1.37, 0.85, 0.80 and 0.79 
gm/plant, respectively. 

  In the case of recommended dose, the values of fresh weight were 
lower in general than the treatments with half recommened dose of 
acetochlor and its mixture. 49 days after spraying gave fresh weights ranging 
from 0.7 for acetochlor with phosphoric acid to 2.7 gm/plant for acetochlor 
alone comparing with 26.7 for control. While 56 after spraying, the fresh 
weight ranging from (3.3) to (7.3) gm/plant. 
For Xanthium brasilicum on spraying half recommended dose, significant 
differences   were found between acetochlor alone and its 5 mixture with 
different adjuvants on fresh weight. Acetochlor alone and its mixture with 
citric acid gave highest fresh weight yield and no significant difference was 
observed between t 2 , t 3,t 4 and t 5 as they gave no fresh weight after 21 
and 28 days. At 49 days post application t1 (8.1) and t6 (3.6) were 
significantly different than the other treatments which fresh weight higher than 
the other treatment, followed by t 3, t 2, t 5 and t 4 (0.8). The mean values of 
fresh weight obtained from treatments with half  the dose of acetochlor were 
ascendingly ordered as follows t 4, t 5, t 3, t 2, t 6, t1 with o.27, 0.73, 0.88, 
0.93, 1.83 and 4.25 gm/plant, respectively. It is clear that mixing of acetochlor 
with adjuvants decreased the fresh weight yield, significantly than the control 
and even than acetochlor alone, and their effect on fresh weight also differed. 
         On applying the full dose against fresh weight of the weed, the results 
show significant differences between the control and all the treatments 
following the same trend of results obtained previously. After 21, 28 and 35 
days post application, acetochlor alone (t1) and its mixture with citric acid    
(t6) produced fresh weight, while t 2, t 3, t 4 and t 5 mostly resulted in no 
fresh weight yield. 

The ascending order of the mean value of fresh weight of X. 
brasilicum treated with full dose of acetochlor and its mixtures was t4, t 2, t 3, 
t 5 and t1, t6 with values 0.14, 0.20, 0.23, 0.25, 0.73 and 1.42 gm/plant, 
respectively . 
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       It can be concluded from the Table (2) that values of control were higher 
than all those of treatment.  In general the fresh weight obtained from 
treatment with half recommended dose was higher than that obtained on 
treatment with full dose. Acetochlor alone and its mixture with citric acid 
resulted in fresh weight higher than all the other treatments as for the full 
dose and its half of the two tested weeds.         
Detection of acetochlor in soil using plant bioassay :  

 Cucumber (Cucmis sativus L.Cv.) seeds was used as sensitive plant 
for assaying the residues of acetochlor when used at the full or half the 
recommened dose . Data in Table (3) show the effect of acetochlor alone and 
its mixtures on % germination of cucumber at soil level of 0-5 cm. For 
example, it can be seen after 14 days of spraying the % germination in o.5 
recommended dose of acetochlor alone treated soil was 33.3 compared to 
20.0 in the full dose treated soil. Also, % germination with acetochlor + 
phosphoric acid was 20.0 and 6.7 at half and full doses of acetochlor, 
respectively.   

Data in Table (3) indicate that the % germination increase as time 
after spraying pass in all of the treatments.  Percent germination in acetochlor 
alone, treated soil was 10.0, 50.0 and 96.7 after 3, 21 and 42 days of 
application. The increase in % germination differed from one treatment to the 
other according to the used adjuvants. Acetochlor + phosphoric acid % 
germination was the least compared to all the other treatments. After 3, 21, 
42 days from treatment, % germination of phosphoric mixture was 6.7, 26.7, 
76.7 on testing half recommended dose, respectively. The corresponding 
values of % germination on testing full dose were 0, 13.3, and 63.3%. The 
highest mean values of % germination were obtained with acetochlor + capl 
oil, acetochlor + arabic gum and acetochlor alone treated soil. These values 
with half the recommended dose were 47.92, 46.67 and 44.17 and the 
corresponding values with the full dose were 36.67, 37.92 and 37.50, 
respectively. 

While on studying the effect on % germination of cucumber at soil 
depth of (5 –10) the data in Table (4) showed that % germination was very 
high compared to data of Table (3).           

Data in Table (4) indicate that on testing half recommended dose of 
acetochlor values of % germination was close to those obtained in the control 
treatment, without differences between them. On the other hand on testing 
the recommended dose of acetochlor alone (85.83) and acetochlor + citric 
acid (79.58) % germination decreased significantly compared to 97.92 for 
control.  

It on using cucumber as test plant for detecting the acetochlor can be 
concluded that there was very high % germination in the soil layer 5 – 10 cm 
due to the absence of herbicide leaching from the upper layer. This may be 
due to the effect of the tested adjuvants except for citric acid which didn’t 
show the same effect. From results in Tables (1- 4), it appeared that the 5 
tested adjuvants had an influence on different parameters on weeds from 
which are the number of emerged weeds and the fresh weight yield of weed . 
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And they also had effect on % germination of cucumber when planted in soil 
treated with the mixture acetochlor. 

Adjuvant is any compound that can be added to a herbicide 
formulation to facilitate the mixing, application, or effectiveness of that 
herbicide. Adjuvants are chemically and biologically active compounds. A 
good review of different adjuvant terms and definitions can be found in Hazen 
(2000) or in Van Valkenburg (1982). Adjuvants were divided into two primary 
types based on their functions: activator adjuvants and utility adjuvants (Hess 
1999 and Kirkwood 1994).  

 
Table (3): Effect of acetochlor alone and its mixture with five different 

adjuvants on percent germination of cucumber (0- 5 cm).            

Treatment 
% Germination at different time intervals (days)  

 0  3  6 14  21  28  35 42 Mean 

Half dose (0.5 L/ fed.) 

Acetochlor 
alone (t1) 

0.0b 10.0b 26.7b 33.3c 50.0c 66.7b 70.0de 96.7a 44.17CD 

Acetochlor + 
phosphoric 
acid(t2) 

0.0b 6.7b 13.3cd 20.0d 26.7d 56.7bc 66.7e 76.7c 33.33EF 

Acetochlor + 
palm oil(t3) 

0.0b 3.3b 3.3d 36.7c 43.3c 50.0c 66.7e 93.3ab 37.08E 

 Acetochlor + 
 capl oil(t4) 

0.0b 3.3b 23.3bc 60.0b 63.3b 66.7b 80.0c 86.7ab 47.92BC 

Acetochlor + 
 arabic 
gum(t5) 

0.0b 10.0b 20.0bc 40.0c 53.3bc 66.7b 90.0b 93.3ab 46.67BC 

Acetochlor + 
 citric acid(t6) 

0.0b 6.7b 23.3bc 36.7c 43.3c 53.3bc 63.3cd 83.3bc 38.75DE 

 Control 100.0a 100.0a 96.7a 96.7a 100.0a 93.3a 100.0a 96.7a 97.92A 

Recommended dose (1.0 L /fed.) 

 Acetochlor 
alone (t1) 

0.0b 6.7bc 13.3bc 20.0c 40.0bc 56.7b 76.7b 86.7b 37.50DE 

 Acetochlor + 
phosphoric 
acid(t2) 

0.0b 0.0c 6.7c 6.7d 13.3e 33.3d 46.7d 63.3d 21.25G 

Acetochlor + 
 palm oil(t3)  

0.0b 0.0c 6.6c 16.7d 26.6d 36.7d 46.7d 80.7bc 26.70B 

Acetochlor + 
 capl oil (t4) 

0.0b 10.0b 13.3bc 43.3b 46.7b 50.0bc 63.3c 66.7d 36.67E 

Acetohlor + 
 arabic 
gum(t5)) 

0.0b 10.0b 20.0b 33.3b 43.3b 43.3cd 76.7b 76.7c 37.92DE 

Acetochlor + 
 citric acid(t6) 

0.0b 3.3bc 16.7bc 20.0c 30.0cd 36.7d 46.7d 66.7d 27.50FG 

Control  100.0a 100.0a 96.7a 96.7a 100.0a 93.3a 100.0a 96.7a 97.92A 
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Table (4): Effect of acetochlor alone and its mixture with five different 
adjuvants on percent germination of cucumber  (5- 10 cm).                               

Treatment 
 % Germination at different time intervals (days)  

 0  3  6 14  21  28  35  42 Mean 

Half dose (0.5L / fed.) 

 Acetochlor 
alone (t1) 

100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 96.7a 100.0a 99.58A 

 Acetochlor + 
phosphoric 
acid(t2)  

100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.00A 

 Acetochlor +  
palm oil (t3) 

100.0a 93.3b 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 99.17A 

   Acetochlor 
+capl oil (t4) 

100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.00A 

 Acetochlor + 
arabic 
gum(t5) 

100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.00A 

Acetochlor +  
citricacid(t6) 

100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a 100.00A 

Control 100.0a 100.0a 96.7a 96.67a 100.0a 93.3b 100.0a 96.7a 97.92AB 

Recommended dose (1L /fed.) 

 Acetochlor 
alone (t1) 

86.7b 83.3c 86.7a 86.7ab 86.7b 80.0bc 83.3c 93.3a 85.83CD 

 Acetochlor + 
Phosphoric 
acid (t2) 

86.7b 86.7bc 90.0a 93.3ab 93.3ab 86.7ab 96.7ab 96.7a 91.25BC 

 Acetochlor + 
 palm oil (t3)  

86.7b 90.0ab 96.7a 93.3ab 96.7a 93.3a 90.0bc 96.7a 92.92ABC 

 Acetochlor + 
 capl oil (t4) 

90.0ab 96.7ab 86.7a 90.0ab 96.7a 93.3a 86.7c 83.3c 90.42C 

 Acetochlor + 
arabic gum 
(t5) 

93.3ab 96.7ab 96.7a 96.7a 96.7a 86.7ab 83.3c 86.7c 92.08BC 

Acetochlor + 
citric acid(t6)  

90.0ab 86.7bc 93.3a 80.0b 76.7c 73.3c 66.7d 70.0d 79.58DE 

 Control 100.0a 100.0a 96.7a 96.7a 100.0a 93.3a 100.0a 96.7a 97.92AB 

 
Activator adjuvants enhance the activity of the herbicide, often by 

increasing rates of absorption of the herbicide into the target plant(s). Utility 
adjuvants, which are sometimes called spray modifiers , alter the physical or 
chemical characteristics of the spray mixture making it easier to apply, 
increasing its adherence to plant surface so that it is less likely to roll off, or 
increasing its activator adjuvants include surfactants, oil carriers such as 
phytobland oils, crop oils, crop oil concentrates, vegetable oils, methylated 
seed oils, petroleum oils , and silicone derivatives, as well as nitrogen 
fertilizers .  

Utility adjuvants are added to improve the application of the 
formulation to the target plants. By themselves, they do not directly enhance 
herbicidal activity (McMullan 2000). Instead, they change the physical or 
chemical properties of the tank mix in ways that make , it easier to apply to 
the target plant(s) , minimize unwanted  effects, and broaden the range of 
conditions under which a given herbicide formulation can be . Some activator 
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adjuvants are also utility adjuvants and some even have herbicidal effects of 
their own.  
         The use of adjuvant in combination with herbicide enhances the 
herbicide retention, leaf surface penetration through cuticle, and thus 
increases the phytotoxicity of herbicide. (Zadorozhny, 2004). The type of 
adjuvant varies with crop, herbicide and weed species present. This explain 
our results , which stated that the mixture of acetochlor with phosphoric acid 
had the highest effect on the weeds by decreasing the number of emerging 
treated weeds, decreasing their fresh weight yield and % of germinating 
cucumber in soil previously treated with this mixture. The two oils (palm oil 
and capl 2 oil) and arabic gum followed phosphoric acid mixture in their 
effect.  

While acetochlor + citric acid mixture was almost of the same effect 
on the tested weeds as acetochlor alone.  In maize for controlling weeds urea 
fertilizer is the most effective adjuvant (Toloraya et al. 2001). Herbicide 
application in combination with urea gave 12-13.5% better results than 
herbicide alone (Getmanetz et al. 1991).  At harvest minimum weed density 
and dry weight was recorded with full dose of herbicide along with urea as 
adjuvant. 
Persistence of acetochlor in soil:   

The level of residues of the tested herbicide was dependent on the 
type of adjuvants, time after application and depth of soil. Mixing with different 
adjuvants increased the persistence of acetochlor in top layer of the soil. The 
remaining amount of acetochlor alone and or mixed with adjuvants after 
different days of application to soil were tabulated in Table (5). The initial 
amount of acetochlor residues alone and with five different adjuvants ranged 
from 14.56 to 23.8 μg/gm The initial deposit of acetochlor extracted from soil 
depth 0 – 5 cm was 16.96 μg/gm. (Table 5 and Fig.1), followed by a rapid 
degradation having nearly the same results after 6 and 14 days with 35.91 
and 35.85% recovered .  Acetochlor   residues   decreased further with time 
to 2.97 μg/gm at 21 days after application representing a recovery of 17.5%. 
After 28 days there was a small decline to 2.27 μg/gm, which continued until 
42 days reaching 1.44 μg/gm (8.49% recovered). 

 In the soil surface (0-5) the % recovered of acetochlor with different 
adjuvants was different. After 3 days from application of acetochlor mixture 
with phosphoric acid as adjuvant (t 2) represented high % recovered 90.59% 
followed by 87.11 and 81.34 % for the mixture with palm oil (t 3) and capl 2 
crude oil (t 4), respectively.  

As for the mixture with citric acid (t 6), the % recovered was nearly 
the same as acetochlor alone after 3 days, (74.20%) .While the acetochlor 
with arabic gum had lowest percent recovered (66.21) than all the other 
treatments. The percentage amount recovered from acetochlor and palm oil 
were from 87.11 to 41.20 %, from 3 to 14 days post application, respectively. 
There was a decline in percent recovered from acetochlor and capl 2 crude 
oil after 3 and 14 days to give 81.34 and 20.92%, respectively. After 42 days  
the percent loss of acetochlor with palm oil and capl 2 crude oil were  90.3 
and 79.03% with % recovered 9.7 and 20.97  (Fig. 1. ). The rapid degradation 
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continued for acetochlor plus citric acid until the 6 days from application 
reaching 50.11% (Table 5), then degradation became slower and gradual. 
After 42 days the percent recovered residues was 15.29%. Data in Table (5) 
indicated that the amount recovered from acetochlor and arabic gum was the 
lowest compared with the other treatments of acetochlor throughout the 
experiment. It decreased sharply from zero to 14 days after spraying, 
whereas the % recovered reached 18.75% and then gradually decreased to 
17.17, 9.07 and 6.87% after 28, 35 and 42 days, respectively.    

  Phosphoric acid mixture with acetochlor increased the persistence 
of the herbicide compared with the other tested treatments. The percent 
recovered was 77.46%,  21 days from application, then decreased to 30.34% 
by the end of the experiment which is still the highest recovered value 
compared to the other treatments.                                 
      Movement of the acetochlor through the tested layers was studied. It was 
found that the leaching to layer 5 – 10 cm from surface showed different % 
recoveries for all of the tested treatment when calculated with reference to 
the total amount recovered from 0 – 10 cm.  

The initial presence of the acetochlor in the six treatments in layers 
from 5–10 cm was different. For acetochlor alone and acetochlor plus 
different adjuvants the recovered amounts in this layer was ranged from 1.2 
to 4.5% . The lowest percent which leached from L1 (0 – 5 cm)  to L2 (5 – 10 
cm) was 1.2 % compared to its presence in L 2 for the mixture with capl oil, 
while the highest leaching % was 4.5% for the mixture with citric acid 
compared to 3.7% for acetochlor alone. 

 As for acetochlor the presence in L2 fluctuated throughout the whole 
experiment. It was almost stable until 14 days, then increased until 28 day of 
the experiment from 3.7 to 31.50%, then decreased until the end of the 
experiment reaching 17.7%. The presence increased gradually acetochlor 
and phosphoric acid in L2 till 28

th
 day with 24.3% followed by a decrease until 

the end of the experiment with (7.9 %). 
The presence of acetochlor and palm oil increased gradually with a 

maximum of 18.0% on the 35
th
 day, followed by a decrease to 15.3% after 42 

days. While the results of acetochlor and capl 2 crude oil were close to those 
of acetochlor and palm oil.  

Acetochlor plus arabic gum results were different than all of the other 
treatments, where the increase was gradual until the 14 day, then it increased 
with the highest  value (throughout the whole experiment) until the end of the 
experiment with (42 days) a value of 59.8% recovery in L2 layer, compared to 
its presence in  ( L1) layer . This may be due to its rapid degradation.  

 Acetochlor and citric acid results fluctuated through the 42 days of 
the experiment. The values increased gradually until 14 day, then decreased 
also gradually until leaching 10.9% at the end of the experiment. Although, 
the acetochlor remained in the top of the soil (5 cm) of soil, it was detected in 
the 5-10 layer on the second sampling date at seven days after application. 
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The appearance of the herbicide in the 5-10 cm layer could not be 

explained on the basis of the classic convection – dispersion equation using 
the measured rainfall. However, temperature had a significant influence on 
degradation of acetochlor, biodegradation was an important dissipation 
pathway for acetochlor, but biodegradation alone could not adequately 
describe dissipation of the acetochlor in the field, soil moisture had little effect 
on biodegradation of herbicide (Qing et al. 2000).  

These results may agree with Norris (1982) who reported that other 
adjuvants can inhibit bacteria by disrupting their cell membranes. Kucharski 
(2004) also proved that the addition of adjuvants slowed down the 
degradation and increased the level of phenmedipham residue in the soil. 

The statistical half- life times (RL50) of acetochlor alone was 8.06 and 
9.5 days   at 0- 5 cm (L1) and 0- 10 cm (L 2), respectively. The RL50 values, for 
the mixtures varied. For acetochlor and phosphoric  at 0- 5 cm acid, it  was 
more stable (27.73 days) than the other treatments, followed by acetochlor 
plus palm oil (12.84days) and then acetochlor plus capl 2 crude oil (10.05 
days). Acetochlor plus arabic gum (6.54 days) was less stable than acetochlor 
and citric acid (9.76 days).      
 These results agree with those of Dictor et al. (2008) who found that the half-
lives (DT50) of acetochlor varied from 1.4 to 14.9 days depending on the soil, 
temperature and applied concentration. While Zhen and Deng (2011) reported 
that half- life times (t1/2) for acetochlor in soil was 6.074 days. Ma et al .2004 
found that the time for 50% (DT50) of initial acetochlor loss was approximately 9 
and 56 days, and 18 and 63 days at low and high application rates, 
respectively. They also stated that acetochlor loss in the Horotiu soil possibly 
resulted from the higher soil organic carbon content that retained more 
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acetochlor near the soil surface where higher temperature and photolysis 
accelerated the loss.  

The phosphoric acid proved to be the most effective adjuvant on the 
biological aspects, suppressing the number of emerging weeds and the fresh 
weight yield. Its mixture was also the most persistent one compared to all the 
tested mixtures. The two tested oils (palm oil and capl oil) followed the 
phosphoric acid in its effectiveness and persistence. While citric acid mixture 
was almost close to the effect of acetochlor alone.  
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ساضأأأت تلس فأأأيس متيخأأأ س وخأأأوسال أأأختيتفيميس فأأأيس  خ أأأختيسايم فأأأ ستأأأر خمسة  أأأ 
سياي وخطسي وتت س يسايتمو س.س

سموخن سأ  وس  نس
سس وخوال ت م سايقتهمةســستفخ سايزما  ســسق مساي  مالسالقتصتوخ سياي

 
زيتت النخيتـ ز زيتت لاـتـ ز  –أنواع من االضافات وهي حامض القوسفوريك  خمسةتم دراسة تأثير 

فتتدان  لتتتر/1يتوللورو ـترليتتز ن همتتا علتتي فاعليتتة مـيتتد االستت ٪و 3الصتتما البرـتتي ز حمتتض الستتتريك ـترليتتز 
       )الجرعة الموصي ـها ( 

وال تتتـيح  حيتتتش تتتتم ر  هتتت   لتر/فتتتدان )نصتتتع الجرعتتتة الموصتتتي ـهتتتا( لملاجحتتتة ح ي تتتيتي الرجلتتت  ¸  5&  
لمتتا تتتم تقتتدير  النـتتاتين والتتوزن الحتتازال للتتا أختت ت النتتتالي علتتي أعتتداد .ت علتتي الترـتتة جـتتـ االنـتتات المبتتاما
سيتوللورو منقردا ومخلوحتا متا االضتاجات الستاـقة فتي الترـتة علتي فتترات مختلفتة حيويتا ـاستتبماـ اال متـقيات

 ـ ور الخيار وليماويا ـواسحة جهاز الغاز لروماتوجرافي 
سيقوسأيض لسايوما  ساينتتئجسايتتيخ س:س

ملافحتتة أفضتتـ متتن لتر/فتتدان أعحتتي 1زتتز استتتبماـ مـيتتد االستتيتوللورو منفتتردا علتتي الح تتال  الستتاـقة ـترليتتز 1
. ل لك لان التأثير واضحا علي الوزن الحازال لح ي ة ال تـيح  لتر/فدان 0,5استبماـ نفس المـيد ـترليز 

 .  المباملةيوم من  56جم/نـات ( ـبد   7,33جم/نـات ( مقارنة ـالوزن الحازال لح ي ة الرجل  ) 4,8)
هتا علتي الح تال  المختـترب وثـتات يتش تأثيرمتن ح متا المـيتد يبتـر حمتض الفوستفوريك أفضتـ االضتافات زز 2

التي   أدي التي مـيتد االستيتوللورو ٪0,3اضتافة حمتض الفوستفوريك ـمبتدـ  المـيد فتي الترـتة  فوجتد أن 
  3,30جم/نـتات فتي ح ي تة ال تـيح و  1,03زيادب الفبالية عن ـقية االضافات حيش لان التوزن الحتازال 

 نـات في ح ي ة الرجل  .  جم/
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لنخيـ وزيت لاــ والصما البرـي لانوا في المرتـة الثانية ـبد حمض القوسفوريك من حيتش التتأثير زيت ا زز 3
ي علتالنخيـ وزيت لاــ والصما البرـتي  تظهر فروق مبنوية ـين تأثير لـ من زيت علي الح ال  ولم 

 النـاتات . 
في ملا فحة لـ متن الرجلت  يتوللورو لان حمض الستريك أجـ االضافات نأثيرا علي فبالية وثـات مـيد االسزز 4

 .وال ـيح
 5ترـة علي مستوي  متن صتفر زتز عند تقدير متـقيات المبامات الساـقة في الترـة حيويا  ـأخ  عينات من الزز 5

 – 93,33  - 76,76 –  96,76 علتتي انـتتات يتت ور الخيتتار وجتتد أن النستتن الملويتتة لانـتتات هتتي ستتم  
 – لتتتتر /فتتتدان 0,5 ـترليتتتز  مات التاليتتتة  االستتتيتوللورو منفتتترداللمبتتا 83,33٪ – 93,33 – 86,67

 االستيتوللورو متا زيتت لاـتـ  ، االسيتوللورو متا زيتت النخيتـ  ، االسيتوللورو ما حمض الفوسفوريك 
يتوم متن  42رو متا حمتض الستتريك علتي التتوالي ـبتد االستيتوللو ، االسيتوللورو ما الصما البرـتي  ،

 .   المباملة 
لتر/فتدان ( متا نفتس االضتافات الستاـقة  علتي 1حظ أن استتبماـ المـيتد المختـتر ـالجرعتة الموصتي ـهتا )لتوزز 6

حمتتتض عنتتد اضتتافة ٪  80,67  هتتتي نـتتات الخيتتار نستتن ال أعلتتتيستتم لانتتت  5مستتتوي متتن صتتفر زتتتز 
  .  نخيـعند اضافة زيت ال63,33 الفوسفوريك

قارنتة ـتاللنتروـ علتي انـتات ـت ور الخيتار فتي مستتوي زز لم تظهر أي فروق مبنويتة ـتين المبتامات الستاـقة م7
   سم للا الترليزين من مـيد االسيتوللورو .  10زز  5  الترـة من

مخلوحتتا متتا االضتتافات الستتاـقة ـاستتتخدام جهتتاز الغتتاز زتتز عنتتد تقتتدير متـقيتتات مـيتتد االستتيتوللورو منفتتردا و8
لي أن اضتاجة حمتض الفوستفوريك التي المـيتد لروماتوجرافي علتي نفتس المستتويين فتت الترـتة ألتدت النتتا

 . وأن فترب نصع البمر للمـيتد منفتردا هتيحية للترـةالحـقة السحـالجرعة الموصي ـها يزيد من ثـات  في 
 و   6,54،  10,05،  12,84 وم ثتتميتت 27,73 مـيتتد متتا حمتتض الفوستتفوريكلليتتوم ـينمتتا لانتتت  8,06
لمـيتتد متتا زيتتت النخيتتـ ، المـيتتد متتا زيتتت لاـتتـ ، المـيتتد متتا ) ا م لـتتاجي المبتتامات علتتي التتتوالييتتو 9,76

 . الصما البرـي ، المـيد ما حمض الستريك ( 

س

سقتمسوت تخمسايو ث

س ت م ساي نصيمةس–تفخ سايزما  سس تولس ووساي نممسصتيحأ.وس/س
سايقتهمةس ت م س–تفخ سايزما  سس خوس وتسساي ت ىسأ.وس/س
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  Table (1): Effect of recommended dose and its half of acetochlor alone or mixed with different adjuvants on the 
number of   emerging weeds through  different intervals after spraying.                                                                                                                                                                                       

Treatments 

Number of emerging of Portulaca oleracea Number of emerging of Xanthium brasilicum 

 Time (days ) 

21 28 35 42 49 56 Means 21 28 35 42 49 56 Means 

  Half dose (0.5 L/ fed.)  

Acetochlor 
alone (t1) 

1.7b 2.3b 3.0b 4.0b 4.7b 5.0c 2.30C 1.7b 1.7b 2.0b 2.3b 4.0b 6.0b 1.96B 

Acetochlor+ 
phosphoric 

acid (t2) 
0.0c 0.0c 1.0d 1.0d 1.0d 1.7d 0.52GH 0.0c 0.0c 0.7cd 1.0cd 1.3d 1.7c 0.52FG 

Acetochlor+ 
palm oil (t3) 

0.3c 0.0c 1.7c 2.0d 2.7c 2.7d 1.04F 0.0c 0.3c 0.7cd 0.7d 1.0d 1.0c 0.41GH 

Acetochlor+ 
capl oil (t4)  

0.0c 0.0c 1.0d 1.3d 1.7cd 2.0d 0.67G 0.0c 0.0c 0.0d 0.7d 1.0d 1.0c 0.30GH 

Acetochlor+ 
arabic gum 

(t5) 
0.3c 2.0b 2.0c 2.0d 2.0cd 2.3d 1.19EF 0.0c 0.7bc 1.0c 1.0cd 1.3d 1.3c 0.59EF 

Acetochlor+ 
citric acid (t6) 

1.7b 2.0b 2.7b 3.3c 4.7b 10.0b 2.74B 0.3c 1.0bc 1.3bc 1.7bc 2.0cd 2.3c 0.96CD 

Control 3.3a 4.7a 5.0a 5.7a 11.67a 16.7a 5.59A 3.0a 3.7a 4.3a 5.3a 8.3a 11.7a 4.33A 

 Recommended dose (1.0 L / fed.)  

Acetochlor 
alone (t1) 

1.0b 1.0b 2.0b 2.0b 3.0b 3.7c 1.41DE 0.3b 1.0b 1.0b 1.7b 2.3b 3.3b 1.07C 

Acetochlor+ 
phosphorica 

acid (t2) 
0.0c 0.0b 0.3d 0.7c 1.0c 1.0d 0.33H 0.0b 0.0c 0.0c 0.3de 0.7c 0.7c 0.19H 

Acetochlor+ 
palmoil (t3) 

0.0c 0.0b 1.0cd 1.0c 1.0c 1.7d 0.52GH 0.0b 0.0c 0.0c 0.7cd 1.0c 0.7c 0.22H 

Acetochlor+ 
capl oil (t4) 

0.0c 0.0b 0.3d 1.0c 1.0c 1.0d 0.37H 0.0b 0.0c 0.0c 0.0e 1.0c 1.0c 0.22H 

Acetochlor+ 
arabic gum 

(t5) 
0.0c 1.0b 1.0cd 1.0c 1.3c 1.7d 0.67G 0.0b 0.0c 0.7bc 1.0bc 1.0c 2.3b 0.56EF 

Acetochlor+ 
citric acid (t6) 

0.7b 1.3b 1.3bc 2.0b 3.0b 6.0b 1.59D 0.0b 1.0b 1.3b 1.3bc 1.3c 2.3b 0.78DE 

Control 3.3a 4.7a 4.7a 5.7a 11.7a 16.7a 5.56A 3.0a 3.67a 4.3a 5.33a 8.3a 11.7a 4.19A 

 
 
 
 
 



J. Plant Prot. and Path., Mansoura Univ., Vol. 3 (6), June, 2012 

 603 

Table (2): Effect of recommended dose and its half of acetochlor alone or mixed with different adjuvants on fresh 
weight of  weed through different intervals after spraying .         

Treatments 

Fresh weight (gm / plant ) of Portulaca oleracea Fresh weight (gm. / plant ) of  Xanthium brasilicum 

Time (days ) 

21 28 35 42 49 56 Mean 21 28 35 42 49 56 Mean 

Half dose (0.5 L /fed.) 

Acetochlor 
 alone (t1) 

0.6b 1.2b 2.0b 3.1b 5.1b 7.3b 2.15B 2.47b 2.7b 5.8b 6.9b 8.1b 12.3b 4.25B 

Acetochlor+ 
phosphoric 
 acid (t2) 

0.0b 0.0c 0.6c 1.3bc 2.4cd 3.3d 0.85D 0.00c 0.0c 0.6d 1.2d 2.4d 4.3d 0.93E 

Acetochlor+ 
palm oil (t3) 

0.3b 0.0c 2.0b 2.5bc 3.5bc 4.3d 1.40C 0.00c 0.0c 1.0d 1.3d 2.2d 3.3e 0.88E 

Acetochlor+ 
capl oil (t4) 

0.0b 0.0c 0.6c 1.1c 1.8cd 3.6d 0.79DE 0.00c 0.0c 0.0d 0.2d 0.8e 1.4f 0.27F 

Acetochlor+ 
arabic gum (t5) 

0.2b 0.1b 0.2c 0.7c 1.4d 3.8d 0.80DE 0.00c o.8c 0.7d 1.3d 1.4de 2.3f 0.73E 

Acetochlor+ 
citric acid (t6) 

0.5b 0.6bc 1.0bc 1.6bc 2.7cd 5.4c 1.37C 0.10c 0.7c 2.7c 3.6c 3.6c 5.8c 1.83C 

Control 11.3a 12.7a 16.3a 22.7a 26.7a 30.3a 14.1A 5.3a 6.9a 12.9a 16.5a 21.1a 24.6a 10.31A 

Recommended dose (1.0 L /fed.) 

Acetochlor 
alone (t1) 

0.2b 0.5b 1.0b 1.8b 2.7b 7.3b 1.07CD 0.3b 0.5b 1.3b 1.9b 3.6b 4.8b 1.42C 

Acetochlor+ 
phosphoric 
acid (t2) 

0.0b 0.0b 0.1b 0.3b 0.7c 3.3d 0.31F 0.0b 0.0b 0.0c 0.1d 0.7cd 1.0d 0.20F 

Acetochlor+ 
Palmoil (t3) 

0.0b 0.0b 0.5b 0.8b 1.2bc 4.3d 0.51EF 0.0b 0.0b 0.0c 0.3cd 0.7cd 1.0d 0.23F 

Acetochlor+ 
capl oil (t4) 

0.0b 0.0b 0.1b 0.5b 1.1bc 3.6d 0.36F 0.0b 0.0b 0.0c 0.0d 0.5d 0.8d 0.14F 

Acetochlor+ 
arabic gum (t5) 

0.0b 0.4b 0.5b 0.7b 0.7c 3.8d 0.47EF 0.0b 0.0b 0.3c 0.6cd 0.5cd 0.8d 0.25F 

Acetochlor+ 
citric acid (t6) 

0.8b 0.8b 1.2b 0.8b 1.6bc 5.4c 1.02D 0.0b 0.5b 0.8b 1.3bc 1.4c 2.5c 0.73E 

Control 11.3a 12.7a 16.3a 22.7a 26.7a 30.3a 14.06A 5.3a 6.9a 12.9a 16.5a 21.1a 24.6a 10.31A 
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Table (5) : Persistence of acetochlor alone or mixed with five different adjuvants applied to soil at two different 
depths . 

 
 

Acetochlor remained after days of application (ug / gm.) Soil 
depth 
(cm) 

Treatment 
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8.06 
-- 

9.5 

8.49 
17.7 
8.75 

1.44 
0.31 
1.75 

13.80 
18.5 
14.35 

2.34 
0.53 
2.87 

13.38 
31.5 
16.5 

2.27 
1.03 
3.27 

17.51 
34.3 
22.6 

2.97 
1.55 
4.52 

35.85 
15.1 
35.8 

6.08 
1.08 
7.16 

35.91 
20.3 
38.2 

6.09 
1.55 
7.64 

76.76 
7.5 
79.9 

13.02 
1.06 
19.08 

100 
3.7 
100 

16.96 
0.66 
17.62 

0-5 
5-10 
0-10 

Acetochlor 
alone (t1) 

27.73 
-- 

33.01 

30.34 
7.9 

28.34 

5.64 
0.49 
6.13 

40.29 
17.1 
41.79 

7.49 
1.55 
9.04 

46.80 
24.3 

53.12 

8.70 
2.79 
11.49 

77.46 
3.8 

73.79 

14.4 
1.56 

15.96 

80.69 
8.3 

75.64 

15.0 
1.36 
16.36 

81.17 
3.6 

72.40 

15.09 
0.57 
15.66 

90.59 
5.6 

92.68 

16.84 
1.00 
17.84 

100 
3.4 
100 

18.59 
0.66 
19.25 

0-5 
5-10 
0-10 

Acetochlor+ 
phosphoric 

Acid(t2) 

12.84 
-- 

14.75 

9.70 
15.3 
10.99 

2.10 
0.38 
2.48 

17.69 
18.0 
20.69 

3.83 
0.84 
4.67 

25.17 
14.6 

28.27 

5.45 
0.93 
6.38 

26.10 
14.1 

29.15 

5.65 
0.93 
6.58 

41.20 
13.9 

45.90 

8.92 
1.44 
10.36 

74.18 
10.3 

79.35 

16.06 
1.85 
17.91 

87.11 
7.9 

90.70 

18.86 
1.61 
20.47 

100 
4.1 
100 

21.65 
0.92 
22.57 

0-5 
5-10 
0-10 

Acetochlor+ 
palm oil (t3) 

10.05 
-- 

10.8 

20.97 
6.3 

22.13 

4.99 
0.34 
5.33 

14.75 
12.5 
16.65 

3.51 
0.50 
4.01 

21.01 
14.1 

24.16 

5.0 
0.82 
5.82 

19.75 
14.5 

22.91 

4.7 
0.82 
5.52 

20.92 
9.9 

22.96 

4.98 
0.55 
5.53 

62.61 
1.5 

62.81 

14.9 
0.23 
15.13 

81.34 
4.4 

84.06 

19.36 
0.89 
20.25 

100 
1.2 
100 

23.8 
0.29 
24.09 

0-5 
5-10 
0-10 

Acetochlor+ 
capl oil (t4) 

6.54 
-- 

7.62 

6.87 
59.8 
16.68 

1.0 
1.49 
2.49 

9.07 
55.9 
20.03 

1.32 
1.67 
2.99 

17.17 
41.6 

28.67 

2.50 
1.78 
4.28 

20.40 
24.2 

26.26 

2.97 
0.95 
3.92 

18.75 
10.2 

20.36 

2.73 
0.31 
3.04 

49.45 
7.8 

52.31 

7.2 
0.61 
7.81 

66.21 
5.0 

67.98 

9.64 
0.51 
10.15 

100 
2.5 
100 

14.56 
0.37 
14.93 

0-5 
5-10 
0-10 

Acetochlor+ 
arabic 

gum(t5) 

9.76 
-- 

10.66 

15.29 
10.9 
5.30 

3.51 
0.43 
3.94 

21.79 
9.4 

8.18 

5.0 
0.52 
5.52 

25.75 
18.7 

11.57 

5.91 
1.36 
7.27 

26.14 
22.2 

13.11 

6.0 
1.71 
7.71 

30.50 
26.7 

17.61 

7.0 
2.55 
9.55 

50.11 
6.4 

51.08 

11.5 
0.78 
12.28 

74.20 
6.2 

75.54 

17.03 
1.13 
18.16 

100 
4.5 
100 

22.95 
1.09 
24.04 

0-5 
5-10 
0-10 

Acetochlor+ 
citric acid(t6) 

In (0-5) the % recovered is calculated on the basis that the amount recovered at the initial time is 100% .                                      
In (5-10) layer the % recovered is calculated on the basis that amount recovered from 5-10 cm is retension to  the total (0-10) layer . 
                    %Rec. : % recovered 
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