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INTRODUCTION 

Nowadays, the use of herbicides in 
agricultural activities to control weed plants and 
to increase food production has become an 
important tool to determinant of the 
environment. Chlorinated triazines are 
herbicides widely used for selective weed 
control and the most commonly used herbicides 
in the world (Pereira and Rostad, 2003). 
Elemental analysis of agricultural products has 
been conducted due to the importance of food 
security as well as nutritional status (Trevizan et 
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ABSTRACT: Field experiment was conducted to investigate the efficiency of pre-emergence 
herbicide, Gesaprim and it's mixtures with some materials on mineral contents, growth, and residual 
effect of Gesaprim on soil of maize plants during 2015 and 2016 growing seasons in Sharkia 
Governorate. Gesaprim (G) was added at the rate of 750 g/fad., and the other materials e.g. ammonion 
sulphate (N), phosphoric acid (P), potassium sulphate (K) and Tween-40 (S), as a surfactant were 
added at the rate of 215.35, 243.89, 215.38 g and 54.84 cm3/fad., respectively. Results revealed that 
the herbicide Gesaprim with mixed materials gave wide range on the vegetative growth, mineral 
contents and residual effects in maize plants. Results showed that, average of mineral content in maize 
leaves from the investigated elements [(nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and 
sodium (Na»] were as follows: 1.160, 0.322, 1.784, 0.240 and 0.614 for Gesaprim only; while they 
were 1.074,0.413, 1.605,0.244 and 0.604 for surfactant only; meanwhile, averages were 1.184,0.346, 
1.760, 0.245 and 0.616 for the treatment of Gesaprim+surfactant; meanwhile, for the treatment of 
Gesaprim + ammonium sulphate, they were 1.251,0.322, 1.674,0.245 and 0.594 (%). Also, they were 
1.124, 0.409, 1.593, 0.251 and 0.581 for the treatment of Gesaprim + phosphoric acid. For the 
treatment of Gesaprim + potassium sulphate, the averages were 1.138, 0.284, 1.802, 0.260 and 0.564 
while average of mineral contents were 1.151, 0.667, 1.689, 0.246 and 0.584 for the treatment of hand 
weeding. As for control, the averages were 1.246,0.876, 1.700,0.237 and 0.429. Results revealed that 
in vegetative growth, all the treatments of Gesaprim with materials had stimulatory effect on the fresh 
weight of shoots expect Gesaprim alone and Gesaprim combined with potassium sulphate. While the 
dry weight of shoots in case of, Gesaprim alone and Gesaprim combined with materials had 
stimulatory effect. The residual amounts of Gesaprim mixed with materials were 5.289, 3.478, 3.627; 
4.565, 3.720, 0.00; 12.332,2.017,5.591; 3.578,4.085, 5.611 and 3.435, 5.745, 5.405 at 5, 7 and 20 
days after treatments by Gesaprim, G + S , G + N , G + P and G+ K, respectively. 

Key words: Gesaprim herbicide, triazine, maize plants, minerals content, growth, residual effect. 

al., 2008; Lei et al., 2009). It is well known that 
insufficient inputs of macronutrients and 
micronutrients degrade the quality of the 
product and can also adversely affect plant 
growth. Thereby, reducing crop chloroplasts 
(Brownell and Bielig, 2009). In some cases, it 
can be used as a substitute for K which is used 
for cell expansion. K plays an important role in 
resistance to drought. Plants suffering from K 
decrease showed chlorosis and necrosis. Ca has 
an important role in resistance to drought. Ca is 
an important element used to deliver nutrients 
into the plant (Mengael et al., 2010). 
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In addition, agricultural products can be 
contaminated by pesticides, which can adversely 
affect human health. Pesticides are known to be 
carcinogenic and toxic and the endocrine system, 
can be disturbed by pesticides (Aubertot et aI., 
2011). 

The uptake of nutrients and their distribution 
to different parts of maize plants have been 
found to vary primarily with the fertility of the 
native soil, application of chemical fertilizers, 
the growth stage of the plant and the 
environmental condition (Ologunda, 2000). 

Soil plays an important role in agro
ecosystem and the environment but information 
for analysis of herbicide residues in soil can be 
very difficult to come by contamination of soil 
and agricultural products by herbicides is an 
increasing environmental concern (Quyang et 
al., 2011). 

This herbicide (Gesaprim 80% WP) commonly 
known as atrazine. It is selectively controls 
annual broad-leaved weeds and some annual 
grass in maize. Gesaprim is absorbed through 
roots and foliage, the herbicide is translocated 
acropetally in the xylem and accumulates in the 
apical meristem and leaves of plant (Robert et 
al., 1982). The mechanism by which this 
herbicide acts on plants is in inhibition of 
photosynthesis. 

Therefore, the aim of the present work was to 
evaluate the efficiency of the herbicide 
Gesaprim at the recommended dose with some 
materials, on the content of mineral elements in 
maize leaves, the vegetative growth of maize 
plants (shoots and roots). The residue dynamic 
of Gesaprim in maize soil was also studied. 

MATERIALS AND METHODS 

Herbicide Used 

Gesaprim (80% WP) was used at the 
recommended dose according to the constructions 
of Ministry of Agriculture, 2014, Egypt. 

Gesaprim herbicide which contain 80% of 
atrazine as active ingredient, was broadcasted 
after sowing of grains directly, over the crop 
rows, before the first irrigation. 

Plant Used 
The grains of maize (Zea mays L., CV. 

Single hybrid Fine Seeds 101) were obtained 
from Ministry of Agriculture, Giza, Egypt. 

})? 

Field Experiment 

This study was conducted during 2015 and 
2016 growing seasons at a private farm near to 
Faculty of Agriculture, Zagazig University, (EI
Shoubak village). Mechanical and chemical 
properties of the soil are shown in Table 1 which 
analyzed at Soil Department, Faculty of 
Agriculture, Zagazig University. 

Gesaprim (G) was broadcasted directly over 
the ridges after sowing of maize, before the first 
irrigation at the rate of 750 g/ fad. Meanwhile, 
ammonium sulphate (N), phosphoric acid (P), 
potassium sulphate (K) and Tween - 40 (S) as a 
surfactant were mixed with Gesaprim at the rate 
of 215.35,243.89, 215.38 g and 54.84 cm3/fad., 
respectively. 

The experiments were set up in a complete 
randomize plot design with four replicates for 
each treatment. The area of each plot was 19.5 
m2 divided into four ridges, each ridge was 6.5 
m in length x 0.75 m in width. 

Also, hand hoeing (one time) after 30 days of 
treatment and unweed control were practiced. 

Through the growing season, samples of 
twelve plants were randomly taken from each 
plot at three limited periods 30, 50 and 70 days 
from treatment with Gesaprim alone and 
Gesaprim with the abovementioned materials to 
study their efficacy on weight of fresh and dry 
shoots and roots as well as some nutrition 
elements content in maize leaves. 

Determination of Nutrition Elements in 
Maize Leaves 

Twelve plants were pulled randomly from
 
each plot at the indicated periods (in days) to
 
determine some mineral percentages of (N, P, K,
 
Ca and Na) in maize leaves. Leaves were dried
 
and ground and about 0.2 g was digested with
 
3 ml of mixture of concentrated sulfuric acid
 
and perchloric acid (2:1 V/V) for 15 minutes
 
until the digestive solution become colorless,
 
then transferred quantitivaly to 100 ml
 
volumetric flask (Kiston and Mellon, 1964) and
 
minerals were determined as follows: N, P and
 
K percentages in the dry leaves were determined
 -',using method of (Evenhuis and Waard, 1980).
 
Meanwhile, Ca and Na were determined using
 
atomic adsorption spectroscopy (Jackson, 1967).
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Table 1. Mechanical and chemical properties of the soil under investigation 

Character Value 

Physical analysis 
Clay (%) 37.5 
Silt (%) 17.6 
Sand (%) 44.9 
Textural class Clay 
CaC03 (%) 0.73 
Chemical analysis 
pH (1:2.5) 7.78 
EC dSm-1 1.97 
Na 12.3 
K 0.91 
Ca 5.90 
Mg 2.30 
C03 0.00 
HC03 1.40 
Cl 6.80 
S04 13.3 
Organic matter (%) 1.44 
Available contents (mg/kg soil) 
N 98 
P 64.5 
K 166 

Determination ofHerbicide Residues in Soil 

Sampling preparation for residue analysis 

./ 

Samples of soil were collected at random 
from treated and untreated plots after 5, 7 and 20 
days post- treatment. Random samples of soil 
were collected from three plots of each treatment. 
Gesaprim residues in soil were determined 
chromatographically. The representative samples 
were subjected to extraction and clean-up 
procedures for digested soil. 

Extraction and clean-up procedures 

Residues of Gesaprim were determined using 
QUECHERS methodology described by 
Lehotay (2007) and Raczkowski et al. (2011). 

RESULTS AND DISCUSSION 
,, Effect of Gesaprim and some Materials 

on Minerals Content in Maize Leaves 
.~ 

. // 
The effects of Gesaprim alone and in 

combination with some materials on the 
percentages of some elements in maize leaves 
are shown in Table 2. 

Results in Table 2 show that after 30 days of 
treatment, the differences between the all 
treatments (excepting surfactant treatment) and 
control regarding the percentages of nitrogen 
element were insignificant. The treatment of 
(G+K) recorded the highest level (1.356%) and 
the lowest level was recorded in case of 
surfactant alone (0.984%) while, the other 
treatments were occupied on intermediate 
position. At 50 days after application all 
treatments reduced the nitrogen level comparing 
with the control. After 70 days the highest 
significant in case (1.116%) was obtained when 
using Gesaprim plus ammonium sulphate 
(G+N). On the other hand, treatment of 
Gesaprim plus potassium sulphate (G+K) 
recorded the highest significant decrease in the 
nitrogen percentage. 

Concerning the phosphorus element (Table 
2), it is obvious that, all treatments were 
significantly reduced the level of phosphorus 
element comparing with the control at the three 
dates of experiment (30, 50 and 70 days after 
treatment). 
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Regarding to potassium element, it was 
found that the highest significant increase of the 
potassium level was observed with the mixture 
of Gesaprim+ potassium sulphate (G+K) after 
30 and 50 days of application. The respective 
increase percentages were 1.982% and 1.992% 
comparing with control (1.893 and 1.904) while 
after 70 days of application, Gesaprim alone 
recorded the highest significant increase in 
potassium level (1.614%), and the lowest one 
was recorded in case of (G+P) treatment 
(1.284%) comparing with control (1.305%) 
(Table 2). 

Concerning the Ca element, all mixtures of 
Gesaprim with the tested materials as well as 
hand weeding significantly increased the Ca 
level comparing with the control. The highest 
significant increase took place in case of (G+K) 
after 30 and 50 days of application. The 
corresponding values were (0.249 and 0.255%). 
On the other hand, the lowest significant values 
were recorded with the treatment of Gesaprim 
alone (0.216 and 0.222%) after 30 and 50 days, 
comparing with (0.227 and 0.233%) in the 
control, respectively. At 70 days after 
application of Gesaprim alone recorded the 
highest significant percentage of Ca element 
(0.284%) comparing with (0.253%) in the 
control (Table 2). 

In case of Na (Table 2) results recorded that 
all treatments significantly increased Na level 
comparing with the control after 30, 50 and 70 
days after application. The highest levels were 
recorded in case of surfactant alone after 30 and 
50 days as well as (G+S) after 70 days of 
application. 

With respect to all data which were collected 
in the this investigation, some Researches like 
Bailey and White (1964) had pointed out that, 
these and other soil properties which can be 
highly or significantly correlated with the 
lowering of herbicide phytotoxicity can also be 
highly or significantly inter correlated.Corbin 
and Selman (1971) reported that, phytotoxicity 
increased as the soil pH increased and reached a 
maximum at pH 6.5 for the weak aromatic acids 
e.g., (dicamba), (prometone) and amitrole. 
Conversely phytotoxicity increased as soil pH 
decreased and reached a maximum at pH 4.3 for 
the weak aliphatic acid e.g., dalapon, the 

cationic herbicides diquat and paraquat and 
nonionic herbicide e.g. vernolate. They added 
that, change of one pH unite decreased the 
phytotoxicity of 2,4-0, dicamba, dalapon, 
prometone, amitrole , paraquat and vernolate by 
a factor of two to four depending on the 
particular herbicide and pH values considered. 
In this concern, Hayes, 1970 pointed out that, 
the earlier conclusion which indicated that soil 
organic matter could reduce the phytotoxicity of 
atrazine and other pre-emergent herbicides. 
Elbert and Dumford (1976) found that 
phytotoxicity of atrazine was a pH dependent. 
The half-life of metribuzine decreased with the 
increase of soil pH and its degradation by soil 
pH decreased, with atrazine and metribuzine 
mobility with increasing concentration and soil 
pH (Ladlie et al., 1976). Ashton and Grafts 
(1981) found that soil pH influenced herbicide 
absorption and that different herbicides 
responded differently to change in soil pH. 
Rajkaine (2010) reported that, increasing of 
NPK nutrient supply inspire the uptake of other 
nutrients too, since the plant wants keeping the 
desirable of nutrients in the plant parts. 

Effect of Gesaprim Alone and its 
Mixtures with Some Materials on the 
Growth of Maize Plants 

Results in Table 3 show the fresh and dry 
weights of shoots at 30, 50 and 70 days. At 30 
days, the treatment of (G+S) and (G+P) 
exhibited high values than the control, 
meanwhile Gesaprim only did not exceed than 
that of control. The materials of surfactant or 
potassium sulphate had stimulatory effect on the 
action of Gesaprim herbicide. 

After 50 days, Gesaprim and Gesaprim with 
all materials had a stimulatory effect on the 
fresh shoots weight of maize plants. The highest 
value was recorded with treatment of Gesaprim 
with phosphoric acid followed by Gesaprim 
with surfactant Tween -40, while Gesaprim 
alone was higher in its value than Gesaprim 
combined with ammonium sulphate. 

After 70 days, the treatment of Gesaprim 
alone, Gesaprim with surfactant, Gesaprim with 
ammonium sulphate had a stimulatory effect on 
the fresh shoot weights of maize plants. 
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Table 3. Average of fresh and dry shoot weight (in gram) of treated maize plants after different 
periods (in days) oftreatment 

Treatment The fresh weight of the plant shoots at the indicated periods 

30 50 70 Average* Response** 

Gesaprim 159.16 215.53 642.49 339.06 (-)
 

Surfactant 94.29 132.12 316.01 180.80 (-)
 

G+S 250.46 275.81 774.20 433.49 (+)
 

G+N 144.17 207.15 745.98 365.76 (+)
 

G+P 275.16 326.91 459.39 353.82 (+)
 

G+K 174.99 127.02 638.93 313.64 (-)
 

Hand weeding 203.25 162.03 679.03 348.10
 

Control 203.25 162.03 679.03 348.10
 

The dry weight of the plant shoots at the indicated periods 

Gesaprim 24.39 55.68 211.93 97.33 (+) 

Surfactant 24.13 28.41 69.93 40.82 (-) 

G+S 58.77 61.16 110.35 76.76 (+) 

G+N 27.97 48.27 127.60 67.94 (+) 

G+P 66.53 63.79 163.31 97.87 (+) 

G+K 32.07 47.80 60.81 46.89 (+) 

Hand weeding 43.16 36.90 52.25 44.10 

Control 43.16 36.90 52.25 44.10 

... Average of three replicates. ... ... (+) increase in weight, comparing with control treatment. 
(-) decrease in weight, comparing with control treatment. 

For the fresh weight of maize shoots the 
treatment of (G+S), (G+N) and (G+P) exhibited 
an increase in fresh weight, while the treatment 
of Gesaprim alone and (G+K) exhibited a 
decrease in fresh weight. 

For dry weight of maize shoots, results in the 
same Table revealed that, all treatments of 
Gesaprim with the tested materials exhibited 
positive sign, indicating presence of increasing 
in dry weight during the whole age of plants 
with the exception of that surfactant alone. 

Results in Table 4 highlighted on the fresh 
and dry weight of roots in maize at three fixed 
times 30, 50 and 70 days. 

At 30 days, results reveled that, (G+S) and 
(G+P) were stimulated than other treatments like 
(G+N) or (G+K) which recorded the highest 
value (15.67 g) and (24.83 g), while (G+N) 
recorded (9.87 g) and (G+K) recorded (26.39 g), 
each other was less than control, which 
exhibited (15.76 g). 

At 50 days, we can follow the development 
of root and effect of treatment on its weight, to 
find out that, the treatments of (G+S), (G+N), 
(G+P) and Gesaprim alone were superior in 
their effect on fresh weight of roots. 

Compared to the control and hand weeding, 
results indicated the presence of stimulatory 
effect for Gesaprim and its mixtures with the 
tested materials except potassium sulphate with 
Gesaprim which recorded the lowest value 
compared to control. 

At 70 days, results revealed that, only two 
treatments i.e. (G+S) and (G+N) had stimulatory 
effect on the fresh weight of maize roots, while 
the other treatments e.g., Gesaprim alone and 
Gesaprim with potassium sulphate had a 
moderate effect, while the' treatment of 
surfactant alone had the lowest effect. 

To clear the stimulatory effect of treatments, 
we found that there were positive responses for 
the treatments of (G+K) and (G+P) while the 
other treatments had negative responses. 
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Table 4. Average of fresh and dry roots weight (in gram) of treated maize plants after different 
periods (in days) of treatment 

Treatment	 The fresh weight of plant roots at the indicated periods 

30 50 70 Average* Response** 

Gesaprim 18.17 17.87 62.97 33.00 (-) 
Surfactant 15.43 19.32 29.21 21.32 (-) 
G+S 15.67 22.13 77.01 38.27 (-) 
G+N 9.87 16.19 74.48 33.51 (-) 
G+P 24.83 41.32 86.33 50.82 (+) 

G+K 26.39 28.43 157.63 70.81 (+) 
Hand weeding 15.76 27.58 89.41 44.25 
Control 15.76 27.58 89.41 44.25 

The dry weight of plant roots at the indicated periods 
Gesaprim 3.39 6.01 39.32 16.24 (+) 

Surfactant 6.21 8.88 15.03 10.04 (-) 
G+S 4.87 7.77 32.39 15.01 (-) 
G+N 2.28 7.32 38.22 15.94 (+) 

G+P 7.67 12.97 49.51 23.38 (+) 

G+K 4.29 12.22 27.67 14.72 (-) 
Hand weeding 5.66 13.06 27.82 15.51 
Control 5.66 13.06 27.82 15.51 
'" Average of three replicates. .. (+) increase in weight comparing with control treatment. 
(-) decrease in weight comparing with control treatment. 

For the dry weight of roots which were 
represented in Table 4. As for 30 days, results 
demonstrated that, the superior effect of 
treatments was a share for the (G+P) which 
recorded the highest value (7.67 g) followed by 
surfactant (6.21 g). 

For the 50 days, it was found that the highest 
value was recorded by the treatment of (G+P) 
that indicated (12.97 g) although it was less than 
control which exhibited (13.06 g). 

For the 70 days, results in Table 4 declare 
that, the best combination of Gesaprim and its 
mixtures with the tested materials was Gesaprim 
and potassium sulphate which recorded (27.67 
g) followed by the treatment of Gesaprim alone 
which recorded (39.32 g) while the lowest value 
was recorded by the treatment of surfactant 
alone recording (15.03 g). 

It is worth to mention that, the treatment of 
./	 (G+K) was equal to hand weeding and control 

representing by (27.82 g).l' 

(
.
 

For determination response of treatments on 
weight of root, we can observe the positive 
response to the treatment of Gesaprim, 
Gesaprim + ammonium sulphate and Gesaprim 
+ phosphoric acid which led to increase in dry 
weight of roots after the indicated periods. 
These findings were found to be in harmony 
with those recorded by (Hussein, 1996; Erzsebet 
et al., 2007). 

Residues of Gesaprim and its Mixture in 
Soil of Maize Field 

Results shown in Table 5 and Fig. 1 clear 
that, after 5 days of treatment, residues of 
Gesaprim, Gesaprim + S, Gesaprim + N, 
Gesaprim + P and Gesaprim + K in maize soil 
were 5.289,4.565, 12.332, 3.578 and 3.435 mg/ 
kg. These amounts were 3.478; 3.720, 2.017, 
4.085 and 5.745 mglkg after 7 days of treatment. 
Also, these amounts were 3.627, 0.00, 5.591, 
5.611 and 5.405 mglkg after 20 days of 
treatment, respectively. 

These results are in harmony with those 
obtained by (Howard, 1999; Shobha, 2014; 

I 



!"" ....

650 Abd EI-Wahab, et aL 

Table 5. Residues (mglkg) of Gesaprim in the soil of maize field 

Days after treatment Gesaprim Gesaprim+S Gesaprim+N Gesaprim+P Gesaprim+K 

5 5.289 4.565 12.332 3.578 3.435 

7 3.478 3.720 2.017 4.085 5.745 

20 3.627 0.00 5.591 5.611 5.405 

• Based on the actual remainder of the residues. 
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Fig. 1. Residues (mglkg) of Gesaprim in the soil of maize field 

Xiaoxiao et ai., 2016). Herbicide residues in 
crop produce above the safe level can cause 
health hazards to men and animals. Fate of 
herbicide in soil depends on number of 
processes such as volatilization, leaching, runoff 
and degradation by microbes, chemical 
processes and photodecomposition. Meanwhile, 
Appleby (1985) indicated that organic matter 
can be a major reason for a wide variation in 

.' plant response to seven herbicides concentration 
in the soil. Also, Mayer (1987) reported that, 
some herbicides may be available to plants as a 
vapor in the phase of the soil, but most must be 
present in the soil solution before they can be 
absorbed by the germinating weed seedling. 

Nasseri (2009) reported that, atrazine leaching 
and dissipation rate in different soil profiles in 
the four sampling regions were high and 
significant. Therefore, there is a high risk of 
atrazine pollution in groundwater resources of 
the region. 
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