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Abstract

The agronomic and socioeconomic utilities of glyphosate as a weed killer are well established in developed
countries as well as in developing countries; however, our knowledge of the potential effects of glyphosate remains
limited. This study was investigated the impact of glyphosate application on soil quality of agricultural land. The
total of thirty two soil sample were collected from four farm lands of sinana woreda’s south eastern Ethiopia and
a randomized complete block design of glyphosate was applied at different rates (0, 1,2.5, 3) Lha™! on the plots of
design length 2mxwidth 2m (4m?). Laboratory analyses were done for collected soil samples from land utilized
for treatment in order to determine: soil moist content, texture, bulk density, pH, total nitrogen, available
phosphorous. The survey results misunderstanding, continues and long term application of glyphosate negative
impacts on soil quality. The laboratory result data have been tabulated and summarized by using SPSS. For all
selected physiochemical property between treatment (0, 1, 2. 5, 3) Lha™! application of glyphosate on farm land
show significant difference on more treatments but in some of the treatments no significant difference observed.
Organic matter, total of nitrogen, phosphorous increased on over dosage application while moisture content and
bulk density decreasing, soil acidity becomes slightly acidic. There is a need to study further on continuous
application of glyphosate on farm land. In general continues application of glyphosate has impact on agricultural
soil but short term application of glyphosate has no more negative impact on agricultural soil quality.
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1.0. INTRODUCTION:

Glyphosate (N-(phosphono methyl) glycine; C3HsNOsP), a highly efficient broad-spectrum and non-selective
herbicide, has been widely used in agriculture, horticulture, parks, and domestic gardens (Wojtaszek et al., 2004).
It was first marketed in 1974 under the name Roundup by Monsanto, USA. Its use has increased rapidly with the
commercial introduction of genetically modified corn, soybeans, and cotton; glyphosate-based herbicides have
become the most widely applied herbicide worldwide, especially on genetically modified crops (Brookes & Bar
foot, 2015). With the intensive use of these kinds of herbicides, the occurrence of glyphosate in soil, sediment and
water bodies, as Well as risks to human health (Majewski et al., 2014; Ruiz- Toledo et al., 2014; Samsel&Seneff,
2015). With the expiration of Monsanto’s patent, many other companies began producing relatively inexpensive
generic equivalents (Livingston et al., 2015).

After application, herbicides may evaporate (volatilize) and washed away through surface run-off or leached
into deep soil strata and ground water, they may be inactivated by plants or adsorbed in soil and become subjected
to chemical degradation (Kortekamp, 2011). They are considered specific regarding their toxic level their
application may lead to synergy and development of toxicity-hazardous to soil biota (Michaelidou et al., 2000).

Effects of glyphosate residues in soil when it is applied as a spray in ecological restoration, a situation where
the common spray application technology has a risk of high herbicide delivery rate, regardless of whether the
concentration used conforms to the label recommendation or not. High delivery volumes will result in run-off from
leaves to soil operator error delivering excessive dose rates appears to present the real problem (Cornish & Burgin,
2005).

Glyphosate use in agricultural land has effect on Environmental and ecological to loosen the soil and for
favorable seed bed, severe erosion and other additional land degradation, in addition the rate of glyphosate
application might be not enough for the weed control on the farmer’s field of those farmers also might have less
awareness, less technical skill and not convinced about the effectiveness of the herbicide in northern Ethiopia
(Teamti&Tesfay, 2016).

In view of present agricultural methods, intensification of farming should not lead the accumulation of some
organic molecules like glyphosate in the soils. Even though the soil quality issue is serious, there is no such
research conducted on impact of glyphosate application including the over dose and under dose effect on soil
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quality on the present study area, which resides in south eastern Ethiopia. So the present study aimed that the
experimental evolution of soil quality of agricultural lands in four selected farm lands of sinana woreda by applying
glyphosate at different dosage.

2.0. METHODOLOGY

The proposed study was conducted in Sinana woreda, Bale Zone, Southeastern part of Ethiopia. It is located 430
Km far from the capital city of the country, Addis Ababa. Sinana Woreda is situated between 6.91° to 7.28° latitude
and 39.9° to 40.37"E longitude (SWAO, 2017).
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Figure 1.1: Map of the study area
Source: Own GIS Work (2018)

2.1. Study design

The study was conducted to investigate impact of glyphosate on agricultural soil quality in the Sinana woreda. To
obtain appropriate information the investigator was used laboratory analysis research design with explanatory
method which was chosen for the fact that it was provided comprehensive information about the impact of
glyphosate applied to agricultural land on soil quality at different rates of dosage.

2.2. Sampling Techniques

In this study a multi staged sampling techniques were employed. In the first stage, the study woreda, Sinana was
selected purposively considering its recurrent experiences to the decline of soil quality, high productive area,
application glyphosate pesticides and decline of crops in the study area. Secondly, four kebeles from 20 kebeles
were selected purposively based on the history of use of glyphosate in agricultural land and impacts on soil quality
shocks on farmers and in consultation with woreda’s expert in the study area. And the farmlands also were selected
from this kebeles. Moreover, these four kebeles farm lands were selected due to their history of use of glyphosate
than the remaining ones.

2.3. Sample Sites Design for Application of Glyphosate

The study sites design was established in four farm lands, all selected farm lands design was based on the
homogeneity criteria, slope characteristics and management of cultivated fields under farmer practices. And named
as the following; Farm land — Illu Sambitu site; Farm land -Hisu site; Farm land -Obora site; Farm land -Salka
site.

2.4. Application of Glyphosate

The commercial product Roundup (Monsanto, Sino chem International Corporation) containing 360 g acid
equivalent L-! glyphosate as an isopropyl amine salt was selected for the experiment. The aim of the experiments
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were to test the short-term glyphosate application consequence on Agricultural soil quality at different rate
application, neither farm lands soil had a significant known history of fertilizer used. Glyphosate was sprayed at
four different rates of doses (0, 1, 2.5, and 3V/ha') were used as experimental materials (treatments). The
experiment was laid out in a randomized complete block design (RCBD). It replicated two times per treatment.
The experiment was conducted over four farm lands. There were 32 total experimental plots. Plot size was 2 m by
2 m and 0.5 meter spaces between plots. During herbicide sprays, plastic sheet was used to separate the plot being
sprayed from the adjacent plots to prevent inter-plot interference of spray drift. The company recommended dose
was 2.5 L/ha’! (at 88 ml in 15 L sprayer) (Monsanto, 2011). Glyphosate applied management practices weeding
control was applied as general recommendation for herbicide during the spraying the sky clear and soil moist
(Parionset al., 2003).

2.5. Soil Sample Collection

After application of glyphosate visible symptoms develop in 3-7 days but complete desiccation may take 20-30
days (Monsanto, 2011). The risk of glyphosate injury from soil residues with increasing time between spraying
for weed control and transplanting into the treated area (Cornish & Burgin, 2005). After 35 days of glyphosate
application the samples were taken from five points of the plot by measuring 2mx2m quadrant, one at the center
and the other four at the corners of the quadrants. These collected samples were mixed to form a composite in
order to reduce variability within the quadrants. A total of thirty two soil samples with a replication of two were
taken from the selected farm land site; In addition, total of thirty two soil core samples were also collected for soil
bulk density and soil moisture content analysis for each of the sampling sites. Eight composite samples were
collected for each block at a depth of 20-cm by using auger. Composite sample methods were used for soil
collection because of composite sampling units in to single sample effective methods for obtaining an accurate
estimate of the population mean, reducing cost and analytical time, the same volume represents a homogeneous
sample, each sample contributes an equal amount to the composite, there are no interactions between the samples
units with a composite that would significantly the composite value when these conditions are met, values from
composite agree well means obtained from single sample units(Jackson 1958). The collected soil samples were
pooled and mixed thoroughly in a basket and 500g of soil sample was taken for analysis. The soil samples were
been air-dried, passed through 2mm sieve for physico-chemical analysis.

2.6. Soil Laboratory Analyses
The soil physical and chemical analysis was carried out at Soil and water analysis laboratory. Standard laboratory
procedures were followed to determine the soil physico-chemical properties (Sahlemedhin & Taye, 2000).

3.0. Results and Discussion
3.1. Impacts of glyphosate on selected chemical properties
One of the other objectives of this study is to know the impact of glyphosate on soil quality in comparison between
treated farm plots and untreated farm plots by assessing the chemical properties of the sample soils. The chemical
property analysis of the different dosage farm lands was explained as indicated in Table 3.1. The soil analysis
result of each soil quality indicators under the over dosage fields application were compared with the under dosage,
company recommendation application fields as well as the reference control farm lands study area. Table 3.1
shows that the results of mean values () standard error of mean (SEM) of soil chemical properties for over dosage,
under dosage and company recommendation application and control.

The presences of significant difference between the farm land sites were determined by multiple comparisons
Test using LSDA at 5% confidence interval level.
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Table 3.1: the mean value of physicochemical properties of soil analysis of treated and untreated fields

Sites Soil properties Treatments
Over dosage Company recommendation | Under dosage Control

Salka site pH 6.145+0.645 6.840+0.010 6.845+0.005 6.900+0.050
Av.P(ppm) 37.005+1.405* 18.35540.155* 13.655+0.150* | 7.375+0.1250*
OM (%) 2.545+0.105* 2.500+0.190* 2.180+0.300* 2.120+0.080*
TN (%) 0.300+0.010* 0.255+0.005* 0.22+0.0160* 0.2124+0.002*
Av.K (ppm) 4.025+0.075* 3.595+0.005* 2.695+0.105 2.1354+0.015
CEC (Cmol (H)Kg-") | 49.885+0.036 48.39+0.140 47.685+0.565 47.13540.115
BD(g/cm’) 0.620+0.010* 0.64+0.000 0.64+0.000* 0.67+0.100*
SMC (%) 15.095+0.245* 15.22540.335* 14.37540.255* | 16.81+0.290*
Clay (%) 53.500+0.550 52+1.00 55+0.000 53+2.000
Silt (%) 24.5+0.500 25+0.000 23.540.500 23.5+0.500
Sand (%) 22+0.000 23+1.000 21.5+0.500 22.25+0.500

Illu sambitu site | pH 6.525+0.275 6.525+0.250 6.5740.170 6.99+0.005
Av.P (ppm) 12.240.300* 9.69+0.1100* 8.35+0.450* 7.7+0.2000*
OM (%) 2.585+0.315 2.1540.100 2.205+0.050 2.03+0.080
TN (%) 0.235+0.015 0.22540.015 0.145+0.035 0.185+0.025
Av.K (ppm) 2.765+0.105* 2.65+0.000 2.5440.110 2.36+0.030*
CEC(Cmol(+)Kg-" | 52.605+0.5500* | 51.135+0.515* 49.475+0.475* | 48.625+0.625*
BD(g/cm’®) 0.635+0.005* 0.5840.010* 0.530+0.010* 0.65+0.0100*
SMC(%) 13.2140.100 14.425+0.015* 12.58+0.07* 14.54+0.310*
Clay(%) 54+1.000* 53.540.500 49.5+0.500 51.5+1.500*
Silt(%) 17.540.500* 18+0.000* 19+1.00 20.5+0.500*
Sand(%) 28.5+0.500 28.5+0.500 31.5+1.500 28+1.000

Hisu site pH 5.98+0.130* 6.1354+0.150* 6.26+0.160* 6.66+0.150*
P(ppm) 6.8+1.35 5.97540.545 5.305+0.150 5.1740.050
OM(%) 3.805+0.550* 2.3140.250* 2.12+0.100* 2.06+0.500*
TN(%) 0.32+0.100* 0.3+0.100* 0.27+0.020* 0.235+0.005**
K(ppm) 1.815+0.050 1.64+0.160 1.585+0.156 1.57+0.160
CEC(Cmol(+)Kg-" | 40.17+2.330 39.0742.510 37.46+1.130 37.04+0.510
BD(g/cm’®) 0.73+0.010* 0.815+0.015* 0.66+0.010* 0.895+0.005*
SMC 10.655+0.595* 10.845+0.495* 9.715+0.805* 14.645+0.005*
Clay(%) 42.5+0.500 42+0.000 44+0.000 42.5+0.500
Silt(%) 20.5+0.500 22+0.000 21.540.500 2141.00
Sand 37+0.000 36+0.000 35+1.000 36.5+0.500

Obora site Ph 5.925+0.125* 6.3454+0.095* 6.375+0.055* 6.93+0.055*
AvP(ppm) 5.915+0.135* 5.15+0.180* 4.455+0.015* 4.38+0.380*
OM(%) 2.915+0.035* 2.5540.100* 2.335+0.115* 2.11540.105*
TN(%) 0.26+0.010* 0.255+0.005* 0.25+0.000* 0.22+0.000*
AvK(ppm) 2.945+0.005* 2.485+0.035* 2.35+0.020* 2.135+0.085*
CEC(Cmol(H)Kg-" | 47.94+0.560 46.63+0.070 52.365+0.515 52.61+0.740
BD(g/cm’®) 0.61+0.000* 0.665+0.005* 0.645+0.005* 0.685+0.005*
SMC(%) 13.1340.010 13.30540.025 13.1940.050 13.6740.020
Clay(%) 44.5+1.500* 43.5+0.500* 50+1.000* 48.5+0.500*
Silt(%) 28.5+1.500* 304+2.000* 22.5+0.500* 22.5+0.500%*
Sand(%) 27+0.000 26.5+1.500 27+0.000 29+0.000

Mean values with the * significantly different at a = 0.05

3.1.1. Soil pH

Soil pH is one of the soil chemical properties that indicate soil quality at the study sites. From table 3.1, the mean
values of pH for the over dosage are 6.145, 6.525, 5.98 and 5.92 for Salka, Illu sambitu, Hisu and Obora Sites
respectively. And the mean pH values for company recommendation dosage glyphosate were 6.145, 6.525, 5.98
and 5.92 for Salka, Illu sambitu, Hisu and Oborasites respectively. The mean pH values for the under dosage
glyphosate applied were 6.84, 6.57, 6.26 and 6.37 respectively for the Salka, Illu sambitu, Hisu and Obora,
however the mean value pH for control sites were 6.69, 6.99, 6.66 and 6.39 respectively for the Salka, I1lu sambitu,
Hisu and Obora sites. The pH value decreased from control to over dosages which indicate that application of
glyphosate to farmland will increases the soil acidity. Similar study with a general trend of increase glyphosate
adsorption with decrease pH was observed (Eduardo et al , 2017).The ANOVA result shows that there were a
significant difference in mean pH among the Hisu and Obora farm land sites, but no significant variation among
Salka and Illu sambitu sites. The LSD result showed that the mean pH of over dosage and company
recommendation applied to farmlands were significantly higher (p<0.05) than under dosage and control for Hisu
farmland but for Obora site, Significance variation was observed.

3.1.2.  Organic carbon

A well-structured soil has properties that enhance soil quality, by providing an environment to encourage the
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growth of healthy crops by maintaining adequate moisture, support desirable organism growth which can take
residues and turn them into more organic matter (OM). As described in table 3.1. The laboratory result was
determined for the four treatments through further analysis so as to identify the presence of significant differences
between the Over dosage, Company recommendation, under dosage and Control. The mean OM content among
the four farm land sites; over dosage treatment contains higher OM than company recommendation, under dosage
and Control, because of Glyphosate contain organic carbon. This finding agreed with the study of (Sabiomo et al.,
2011) organic carbon is increasing after application of six weeks we compared to controls soil. Microorganism
used for energy source to an increased availability of easily degradable carbon compounds from applied the
glyphosate (Imparato et al., 2016)

3.1.3. Total nitrogen (TotN)

As result from table 3.1; the mean values of total nitrogen (TN) were found to be greater in over dosage treatments
than the Company recommendation, under dosage and Control for the Hisu, Salka, Obora and Illu sambitu sites.
The short term application of glyphosate increased the total of nitrogen for short period of time; nitrogen is present
in glyphosate herbicide important for plant growth. Glyphosate use results in minor effects on soil properties,
including microbial communities. They speculated that the enhanced nitrogen, organic carbon and plant residues
in surface soils under conservation practices buffer potential effects of glyphosate on biological and chemical
properties of soil (Antonio & Stephen, 2010). The statistical test of LSD proves that the mean of TN content for
treatments of over dosage, company recommendation, under dosage and Control has been observed at all sites
except I1lu Sambitu site. On the other hand, ANOVA results shown there is a significant difference was observed
at P < 0.05 between Hisu, Salka and Obora farm land sites.

3.1.4. Available phosphorus (AvP)

The mean values of available phosphorus higher in over dosage application of glyphosate among all four farm
lands; because glyphosate herbicides contain phosphorous element. Glyphosate may become easily mobile by
water in soils high in phosphate. Phosphate in fertilizers reduces the adsorption of glyphosate to soil particles,
increasing the amount of free glyphosate molecules in the soil, which can then be absorbed by the plant roots,
metabolized by microorganisms (Munira et al., 2016).Due to the presence of phosphorous fertilizer in glyphosate
the amount of available phosphorous increased. Similar study done by (Mijangos et al., 2009) reported glyphosate
increases soil microbial activity when the herbicide is added; because microbes break it down and use it as a source
of carbon, nitrogen or phosphorus. However, this is thought to be due to a short-term effect only. ANOVA one
way was used to identify whether the significant differences were exist between the soils of all sites selected. The
ANOVA of mean result of AvP among the farmland used was found at P < 0.05 significant variation for all
farmland sites except Hisu sites. The LSD result showed that the mean AvP values differ significantly under the
treatments in Illu, Salka and Obora sites, significance variation was observed among the dosage. When compared
the control farmland with applied farm land, the available of phosphorous was high on applied farm land. This
might be due to the presence of phosphorous fertilizer in glyphosate.

3.1.5. Available potassium (AvK)

When we consider the mean values of available potassium (AvK), no significant different were observed for the
Hisu farm land sites in all treatments. Only over dosage treatment had significant difference in illu site, while over
dosage and company recommendation were significantin salka site andall treatments were significance in Obora
sitestable 3.1. ANOVA result for mean AvK was found at P<0.05 under the Salka, and Oborasites.The LSD results
showed at Salk site.

3.1.6. Cation exchange capacity

Cation exchange capacity is an important parameter of soil because it gives an indication of the type of minerals
present in the soil, its capacity to retain nutrients against leaching and assessing their fertility and environmental
behavior. The CEC values of the soils in the study area were only significantly difference at Illu sambitu sites for
over dosage, under dosage and company recommendation Table 3.1. ANOVA result for mean CEC was found at
P<0.05 under the all sites except Salka.

3.2. Impacts of short term application glyphosate on soil physical properties

3.2.1. Bulk density

The mean values of bulk density under all sites were significantly different among each other. But, in Salka site
the company recommendation application of glyphosate did not show significant difference Table 3.1. ANOVA
was used to test the significance of the differences between the means of BD all sites were significance at
P<0.05because of short term application of glyphosate on agricultural farmland. When compared mean values,
control farm land was high bulk density. With increasing organic carbon, bulk density decreased. This study agreed
with (Mohamed, 2013) report. In general, soils with good structure have higher pore space and lower bulk density.
3.2.2. Texture

The particle size distribution in all sample fields presented soil texture in (Table 3.1) the study area soil refers to
the clay, silt and sand composition. In the study area the soil texture was more of clay texture. The clay soil has
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significant difference at Obora site in all treatments but in Illu Sambitu only over dosage treatment. Clay content
has retention capacity of nutrient and water. Clay soils resist impact of glyphosate because the particles are more
tightly joined to each other. The finding was agreement with the study of (Strange — hansen et al., 2004). Clay soil
resists glyphosate degradation. This result was similar with the study of (Simonsen et al., 2008) degradation soil
quality application of glyphosate low clay. Soil texture is a basic property of soil that affects soil physical properties
and management. Under normal conditions, it is considered as a permanent property of a soil. Soil texture affects
soil water and nutrient holding capacities and air movements, pore sizes and plant root growth. Because of these
important roles, soil texture is considered as a master soil variable.

As laboratory results showed the mean of sand soil was not significance for short term application of
glyphosate in all study sites table 3.1. ANOVA was used to test the significance of the differences between the
means of sand soil all sites were not significant at P>0.05 except Obora site. The mean of silt soil particles only
significant at Obora sites on all treatments but in Illu sambitu sites, the over dosage, company recommendation
and control treatments were significant table 4.6. The ANOVA analysis showed the significance at P<0.05 in all
sites except in Obora site.

3.2.3. Soil moisture content (SMC)

It is influenced by many factors like: soil texture, depth, structure, organic-matter and temperature (Assefa, 2009).
The mean values of SMC showed significance difference in all farmland sites except Obora site shown as table
3.1. The ANOVA analysis showed the significant difference at P<0.05 in all sites. The adsorption of glyphosate
is influenced by physical soil conditions such as structure, organic matter content and water infiltration rate
(Candela et al. 2007).

4.0. CONCLUSIONS

Improper application of Pesticide on agricultural land is one of the major environmental concerns that adversely
affect livelihoods. The long term application of glyphosate leads to decline of soil fertility; this further decreases
the crop yield. The laboratory analysis revealed, short term application of glyphosate has a slight impact on some
soil physicochemical properties. According to survey results the continuous intensive application of glyphosate
area without appropriate soil management has affected most of the important soil characteristics. Therefore,
reducing intensive glyphosate in control weed, and integrated use of glyphosate practices could replenish the soil
characteristics for sustainable agricultural production and productivity in the study area.

5.0. RECOMMENDATIONS
The following recommendations are important and need to be considered to enjoy more effects by addressing the
constraints of the farmers.

» There is a need to strengthen the scientific basis of modern agriculture, because herbicides may be useful
if their persistence, bioaccumulation, and toxicity in agro-ecosystem are strictly controlled.

» Agricultural Development Project (ADP), stake holders and governments conducted organize training for
rural farmers on application of herbicides and farmers should form associations so as to pull resources
together, buy herbicides directly from the distributors.

»  Short term application of glyphosate is not affected some soil chemical properties available of potassium,
organic matter, total nitrogen and available phosphorus quality so the farmers should use in proper manner
to remove the challenges of weeds from the agricultural farm lands.

» The researcher faced problems while trying to take soil samples for short term application of glyphosate
from farm fields. Besides, this study doesn’t incorporate long term impact of glyphosate on agricultural
soil quality. Thus, further studies need to be conducted to correct the cited problems of this study as well
as covering a larger area.

» The investigator was not conducted on health impact the sprayers, so further studies need to be conducted
on problems of human health.
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