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ABSTRACT

The residual effect of Atrazine [2-chloro-4-(ethylamino)-6-isopropylamino)-s-triazine]
has emerged as a concern because of the possibility of carryover. A study was
conducted at the Florida campus of the University of South Africa (Unisa) to determine
the residual effect of atrazine on follow-up bioassay vegetable crops. Potato cultivar
(Moonlight) as a bioassay crop was grown separately in three soils (Sandy, Clay loam
and Sandy loam soil) with four atrazine rates (0.0. 0.1, 0.2 and 0.3 mg/l) applied in each
pot. The experiment was laid out as a Randomised Complete Block Design with three
(3) replicates based on a fully automated greenhouse. Sandy loam soil increased plant
height, number of leaves, dry weight and tuber number all at an application rate of 0.3
mg/l in comparison with Sandy and Clay loam soils. Sandy soil reduced fresh tuber
weight at an application rate of 0.2 mg/l. An increase in the growth of potato parameters
was caused by an increase in the application rate. The residual effect of atrazine was
found to delay emergence of potatoes on Clay loam soil. Sandy loam soil proved to
have performed better than Sandy and Clay loam soil for the growth of potatoes. The
findings implied that the herbicides showed a reduction in efficacy as regards the

emergence and growth of potato plants.

Key words:Aftrazine, Carryover

Setsopolwa

Seabe sa masaledi a Atrazine [2-chloro-4-(ethylamino)-6-isopropylamino)-s-triazine] se
tSweletSe bjalo ka tlhobaboroko ka lebaka la kgonagalo ya kgogolego. DinyakiSiSo di
dirilwe ka khamphaseng ya Florida ya Yunibesithi ya Afrika Borwa (Unisa) go nyaka go
di amilwe ke seabe sa dibolayadibokwana. Mohuta wa sebjalo sa matsapane
(Moonlight) bjalo ka sebjalo seo se angwago ke dibolayadibokwana se bjetSwe se
arogane ka mebung ye meraro, mobu wa seloko, Letsopa le wa Santa (wa go hlakana
le letsopa) wo o nago le dikelo tSe nne t3a atrazine (0.0. 0.1, 0.2 le 0.3 mg/l) o ile wa
tsenywa ka pitSeng ye nngwe le ye nngwe. Tekolo ye e ile ya beakanywa ka go SomiSa

Tlhamo ya Sewelo ye e FeleletSego ya Poloko gomme ya ba le dikeki$o tSe tharo (3) go
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diriswa ntlo ya bomediSetSo yeo e sepetSwago ka maitiriSo. Mobu wa santa le wa
seloko wo o hlakanego le letsopa o ile wa oketSa botelele bja dimela, palo ya matlakala,
boima bja go oma le palo ya go ntSha digwere ka moka ga yona ka ge go diriSitSwe kelo
ya 0.3 mg/l ge go bapetSwa le mebu ya Santa le wa seloko wa go hlakana le letsopa.
Mobu wa santa o fokoditSe o boima bja digwere tSe foreSe ge go diriSwa kelo ya 0.2
mg/l. KoketSego ka go kgolo ya bogolo bja matsapane e bakilwe ke go oketSega ga
kelo ya go e diriSa. Seabe sa atrazine go hweditS8e gore se ditela go ba gona ga
matsapane ka go mobu wa santa wa go hlakana le seloko le letsopa. Mobu wa santa
wa go hlakana le seloko le letsopa o laeditSe gore o Soma bokaone go phala mobu wa
Santa le wa Seloko wo o hlakanego le letsopa go godiSa matsapane. Dikutollo di
laeditSe gore dibolayadibokwana di baka go fokotSega ga go Soma gabotse ga go ba

gona le kgolo ya dimela tSa matsapane.

Mantsu a bohlokwa:Atrazine, Kgogolego

Ingqikithi Yocwaningo

Umphumela wensalela ye-Atrazine [2-chloro-4-(ethylamino)-6-isopropylamino)-s-
triazine] uvele njengento ekhathazayo ngoba kungenzeka ukuthi uyinto esukela
kwenye. Ucwaningo Iwenziwa ekhempasini yeNyuvesi yaseNingizimu Afrika (i-Unisa)
eseFlorida ukuze kutholakale umphumela wensalela ye-atrazine ezitshalweni zemifino
ezishubile. 1zambane elibomvana elimhlophe ngaphakathi (i-Moonlight) njengesitshalo
esishubile latshalwa lahlukaniswa enhlabathini eyayihlukene kathathu (Umhlabathi,
Inhlabathi egcwele ubumba kanye neNhlabathi enobumba oluncane) enezilinganiso ze-
atrazine ezine (0.0. 0.1, 0.2 kanye no-0.3 mg/l) eyayifakwe ebhodweni ngalinye.
Kwahlolwa kusetshenziswa uHlelo Lokucwaninga Kwezolimo Olubeka |zinto Ezifanayo
Ngokwamaqoqo Ahlukahlukene Kkusetshenziswa izicucu ezintathu (3) ezifanayo
ezazibekwe endlwaneni eyakhelwe ukuvikela izithombo kunggqoqwane. Inhlabathi
enobumba oluncane yakhulisa ubude bezitshalo, inani lamagabunga, isisindo sokomile
kanye nesibalo sezithombo ezimila ngaphansi komhlaba uma kufakwa isilinganiso

esingu-0.3 mg/l uma kughathaniswa nomhlabathi kanye nenhlabathi egcwele ubumba.



Umhlabathi onobumba oluncane wanciphisa isisindo sezithombo ezimila ngaphansi
komhlaba uma kufakwa isilinganiso esingama-0.2 mg/l. Ukwanda kokukhula
kwemingcele yamazambane kwadalwa ukwanda kwezinga lokufakwa kwe-atrizine.
Kwatholakala ukuthi umphumela wensalela ye-atrazine ubambezela ukuvela
kwamazambane enhlabathini egcwele ubumba. Inhlabathi enobumba oluncane
yabonakala yenza kangcono kunomhlabathi kanye nenhlabathi egcwele ubumba
ekukhuleni kwamazambane. Okwatholakela kwaveza ukuthi imithi yokubulala izimila

ayinamandla magondana nokuvela nokukhula kwezitshalo zamazambane.

Amagama asemqoka:/-Atrazine, Okusukela Kokunye
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CHAPTER1

1.1 INTRODUCTION

Atrazine [2-chloro-4-(ethylamino)-6-isopropylamino)-s-triazine] is one of the used
herbicides in agriculture and forestry (Mahia et al., 2011).Atrazine is a photosynthetic
inhibitor and is activated by light which then causes chlorosis and desiccation of green
tissues (Burhan & Shaukat, 2000). It is mainly applied to corn crops to control broadleaf
weeds (Graziano et al., 2006). Atrazine can also be used to control weeds in the
cultivation of sugarcane, sorghum, wheat, and residential and recreational turf grass
(Lesan & Bhandari, 2004). Atrazine belongs to the Triazine group, which has
contributed significantly to improvements in crop yields around the world since the late
1950s (LeBaron et al., 2008). Other s-triazines include simazine, ametryne and

propazine (Mudhoo & Garg, 2011).

Generally, atrazine is applied for soil pre-planting or pre-emergence and to the foliage
post emergence (Graziano et al., 2006). Atrazine is usually applied before weeds
emerge in a water spray at concentrations of 2.2 to 4.5 kg/ha and is only slightly soluble
in water but soluble at 360 to 183 000 mg/L in many organic solvents (Mudhoo & Garg,
2011). Atrazine is available as a technical material at 99.9% active ingredient and as a
manufacturing use product containing 80% atrazine for formulation of wettable powders,
pellets, granules, flowable concentrates, emulsifiable concentrates and tablets (Du
Preez et al., 2005). Atrazine can be compatible with some fertilizers when used at
recommended rates as it has been discovered that the application of lime proved
beneficial when it markedly improved the herbicidal efficacy of atrazine and resulted in
positive growth and vyield responses in maize (Aladesanwa & Akinbobola, 2008). In
South Africa it is used in combination with various other herbicides including

terbuthylazine, S-metolachlor and simazine (Du Preez et al., 2005).

Atrazine was first introduced in the twentieth century and became the second most
widely used herbicide in the world (Singh et al., 2018). Atrazine is registered in more
than 70 countries worldwide and is still by far most widely used for weed control in

maize (Aladeswa & Akinbobola, 2008). Atrazine is used in many countries including the
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United States and Australia (Stipicevic et al., 2015). Because of its residues and
potential to persist in fields it was banned in few countries like Germany, Italy, Denmark
and Finland in 1991 and 1992 in Europe (Singh et al., 2018). Atrazine administration
covers most areas of developing countries. In recent years, it has become one of the
most serious environmental problems as its residue is persistent in soils, and many
crops such as rice were reported to take up atrazine from the environment (Yi Chen Lu
et al., 2013). During 1990-1993, an average of 28 million kg of atrazine was applied
annually to crops in the continental United States. In Indiana, 3 million kg of atrazine
was applied in 1993 (Mudhoo & Garg., 2011).

In South Africa pesticides are one of the many technologies commonly used to improve
agricultural production. In the sub-Saharan Africa region, South Africa has the largest
agricultural pesticide market with a variety of pesticides registered during the year 2010
and 2013 by the South African National Department of Agriculture, Forestry and
Fisheries (Machete & Shadung, 2019). In 2015 more than 3 000 pesticides were
registered for use by the agricultural sector in South Africa (Machete & Shadung, 2019).
South Africa has more than 500 registered pesticides and is one of the four largest
importers of pesticides in sub-Saharan Africa (Ntombela & Mahlambi, 2019). In South
Africa, most pesticides that are used are triazines and acetanilide-derived herbicides,
specifically atrazine and metolachlor, respectively (Mosotho, 2014). Historically, South
Africa is the 9th biggest corn producer in the world using 88% of atrazine on corn fields
and in combination with other triazine herbicides (Rimayi et al., 2018). In South Africa,
the persistence of atrazine under field conditions is often longer than 12 months, which
may seriously affect rotational crops. On the other hand, limited atrazine persistence or
follow-up crops do not distinguish between soil types. Therefore, atrazine is invasive

and waiting periods might be shortened on certain soil types (Reinhardt & Nel, 1990).

The availability of atrazine for uptake by certain crop species can be influenced by
several soil and climatic factors (Reinhardt & Nel, 1993). Not all atrazine can be taken
up by their target and the residues accumulate in the soil to exert secondary detrimental
effects on crops. However, factors including soil type, soil pH, organic matter, soil

temperature and moisture influence herbicide persistence (Aladesanwa & Akinbobola,
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2008). Soils showing a potential for rapid mineralization of atrazine have been identified
throughout the world in recent years. However, residues of both the patent compound
and its degradation products have been detected in soils years after application (Mahia,
2011). Seed size as one of the factors has also been linked to differences in tolerance
to atrazine (Reinhardt & Nel, 1993).

1.2 PROBLEM STATEMENT

Atrazine due to its large quantity of use and potential for transport and accumulation has
become a special concern (Yu-Hong et al., 2005). The residual activity is also important
since this could relate to phytotoxic effects that may prove injurious to succeeding crops
reducing their productivity (Novais et al., 2019). For example, it has been established
that atrazine at 1.5 kg/ha may damage soybeans grown in the year following maize. In
contrast, atrazine at the usual application dose of 3.0 kg/ha was no longer phytotoxic to
tomato seedlings 8 weeks after application in the humid tropical environment in

Southwestern Nigeria (Aladeswana, 2005).

The widespread use of atrazine has created possibilities of the risk of phytotoxicity on
the plant species which are not direct object of the treatment. Furthermore, there is less
flexibility in re-cropping options due to changing market demands. The persistence of
atrazine in South Africa is often much longer than 12 months under field conditions (Nel
& Reinhardt, 1984). Since the persistence of atrazine over long periods has become an
issue, a series of field trials must be conducted to determine the persistence of the
herbicide in different soils. A study by Novais et al. (2019), reported that atrazine
provided a higher residual effect in clayey soil compared to sandy soil which caused a
higher percentage of dry matter reduction and lower chlorophyll content of sunflower
and soybean bioindicators. Robinson (2008), reported a 66.6% reduction in the dry

weight of carrot shoots 12 months after application in sandy loam soil.

(Brighenti et al., 2002) found out that sunflower is sensitive when sown shortly after
application of atrazine to the predecessor crop while Khorommbi & Reinhard (2002),
observed a 45% reduction in shoot fresh mass at the 2-leaf growth stage. Other

researchers have reported an effect of atrazine on crop. Andersen (1970), examined
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approximately 2,700 strains of soybeans for response to atrazine whereby tolerance of
soybean to atrazine increased as seed size increased. Le Court De Billot & Nel (1985),
evaluated 67 maize cultivars to tolerance of atrazine and found that atrazine affected
shoot dry mass of only two cultivars of maize which were reduced by more 40% and
another 14 reduced by more than 30%. Werner & Putnam (1980), also reported that
most cultivars of cucumber were killed by 0.14kg/ha of atrazine. Robinson (2006), who
determined the effect of foramsulfuron post, isoxaflutole pre and isoxaflutole plus
atrazine pre to the four market class of dry bean (cranberry, black, kidney and white
bean) reported visual injury across the four market classes which varied from 30 to 54%
one year after application of isoxaflutole plus atrazine. More work needs to be done on
the persistence of atrazine before suggestions for the alteration of present guideline for

waiting periods can be made.

Since agricultural soil is a major reservoir of pesticides and a secondary source of the
pollutants to water and air, it is necessary to explore the levels of atrazine and its effect
on the soil microbial community in agricultural soils (Dou et al., 2020). Since several
research on the effect of atrazine has been done on different crops and soil, limited
research was done potatoes, that is the reason the crop was chosen for this study. The
nature of soil changes in time, also with modern technology and modification of
agricultural practices, new developments in agriculture are being implemented which

may change the nature of soil.

Cultivars that were not yet in existence are now in use and it is very important to test
herbicides on different crops and soil from time to time as time goes by regardless of
how many times it was done. That is the purpose of the present study to discover new
information that will benefit agricultural farmers that move with time and new
developments. Another purpose of the study is that the same herbicide may be used but
different results will always be discovered because people use herbicides on different
locations which differ in soil fertility and quality, that is why the three soils from Limpopo
were selected for this study because it is very important for herbicides to be tested in

different ways, different localities and time after time.
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The present study will benefit farmers with similar soil and crops as they will use the
herbicide based on what was done already to be assured of the end results and to avoid
loopholes for the benefit of their farm and safety of their crops. The present study seeks
to contribute to this knowledge by providing an insight that will assist in the choice of the
re-cropping options and guideline for waiting periods. The knowledge will help minimize
the restrictions on the choice of follow-up crops in the future and in preventing an injury
to follow up crops because the toxic response of some plants to different levels of

atrazine in soils has been reported.

1.3 JUSTIFICATION

Since the persistence of atrazine over long periods has become an issue, a series of
field trials must be conducted to determine the persistence of the herbicide in different
soils. The quality and fertility of the soil can be implicated by the residues of atrazine in
the soil (Dou et al, 2020). When the herbicide preserves the integrity of its molecule in
the environment for longer, it is considered residual (Hinz, 2001). It has been reported
by several researchers on the effect of atrazine on different soils. Reinhardt & Nel
(1993), discovered that in all crops tested, the reduction in growth caused by atrazine
generally increased with increasing herbicide rates, and the damage caused by a
particular atrazine rate varied from soil to soil because the significant differences in
tolerance between dry bean and sunflower to atrazine varied between all the soils

tested.

(Bontempo et al., 2016) evaluated the effect of tembotrione and atrazine residues on
carrot planted in succession to corn and found that the presence of atrazine in the soil
decreased carrot shoot dry mass. In another study by Novais et al. (2019), an
application of atrazine to clay soils at a dose of 2,500 g/ha reduced dry matter of
sunflower at 15 and 30 days between application by 70.97% and 75.51% respectively
whereas an accumulation of approximately 100% at 0 and 15 days between application

was observed in soybean for the doses applied in the clay soil and in the sandy soil, the
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same value was only observed at 0 days between application. Cornelius and Bradley
(2017), also found that atrazine residues reduced dry ryegrass biomass by 37% to 51%.
The present study involves the use of atrazine on potatoes as a bioassay crop on three
different soils to provide more information on the residual effect of atrazine on follow-up
crops for farmers that use crop rotation systems to understand how residual effect of
atrazine damage follow-up crops grown in soils previously treated with atrazine and to
prove if it is safe to grow crops on soils containing atrazine residues. The present study
will also clarify on how to determine to what extent does the nature of soil influence the
residual effect of atrazine on the growth and yield of succeeding crops. This would
assist in making suggestions regarding follow-up crops, soil types, application rates and

waiting periods to be adopted when using the atrazine herbicide.

1.4AIM AND OBJECTIVES
1.4.1 AIM

Demonstrate the effect of residual soil applied atrazine on follow-up bioassay vegetable

crop in selected South African soils.

1.4.2 OBJECTIVES
1) To determine the residual effect of soil applied atrazine on emergence of

seedpotatoes

2) To establish the extent the nature of soil influences residual effect of soil applied

atrazine on emergnce of seedpotatoes

1.5 HYPOTHESIS
1) Soil applied atrazine does not affect emergence of seed potatoesand potato
parameters (plant height, number of leaves, fresh weight, dry weight, fresh tuber weight,

dry tuber weight and tuber number)

2) The nature of soil does not influence residual effect of atrazine on the growth of

potatoes.
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CHAPTER 2 LITERATURE REVIEW

Weed control is a major component in agricultural production in South Africa and has
been accomplished using different methods including the use of herbicides like atrazine.
Pesticides have been used in the development of modern agriculture for several
decades to ensure the quality, safety and yield of agricultural products but some
pesticides can impose a negative impact on the soil quality and microbial community
structure as can be stable and persistent in the soil (Dou et al,).The soil applied
herbicide can remain in the soil long enough to give acceptable period of weed control
but the duration can be long enough that the soil residues limit the range of subsequent

crops that will be grown afterwards (Vouzounis, Americanos, 2002).

Residual effects of atrazine can be reduced when atrazine is applied with a combination
of other herbicides than when applied alone due to the breakdown of atrazine induced
by tank mixtures as this was proved by Chikutuma, Lovejoy &Wisdom (2015), which
treated cowpea with atrazine alone and with a combination of atrazine + glyphosate and
metolachlor and found that atrazine applied alone had caused the lowest yield of 0.9
t/ha on cowpea compared to a combination of the three herbicides which had the
highest yield of 1.2 t/ha.

Atrazine can also be used to control volunteer potatoes in South Africa. Results
byBoydston (2001), demonstrated that atrazine reduced tuber weight by more than 90%
through an application of atrazine at 1.1 kg/ha.However, the application of atrazine at
1.25 kg/ha was found to have no significant effect on plant growth, tuber production or
tuber mass (Allemann, 2016). When atrazine is used to control weeds on the field
where potatoes follow up, atrazine residues may have an effect on the growth and yield
of potatoes, and also if used for controlling volunteer potato plants, it can be phytotoxic
to other plants in the rotation system since the incorporation of atrazine, however can
carry-over to the next season under certain climate and soil conditions (Steiner et al.,
2005). Therefore, this study will determine how does the nature of soil influence the

residual effect of atrazine on the gowth and yield of potatoes.
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It is very important to understand how the residual effect of atrazine affect emergence
and the growth of potatoes because the concentration of the herbicide does not
necessarily influence the amount of herbicide in the plant system or determine the plant
response to the compound. There are many factors influencing the uptake of the
herbicide by the plant and several such factors include absorption, translocation,and
dissimilarity in metabolic degradation rates, discrepancies in the ability of atrazine

molecules to inhibit photosynthesis electron transport, seed size and soil conditions.

2.1 Chemical and physical properties of atrazine

Chemical and physical properties of herbicides influence their bioavailability,
degradation and residual activity in a specific area or to specific plants (Ramakrishnan
et al., 2019). Each chemical has unique physical and chemical properties. Chemical and

physical properties of atrazine are as follows:

Physical state : colorless powder and colerless crystals
Molucular weight 215.69 unit

Color : white colorless

Melting point : 173-175°C

Density : 1.23 g/em® (22 °C)

Vapour pressure 2.89x10”" mmHg at 25 °C

Odor ; odorless

Solubility : soluble in water (34.7 mg/L) at 22 °C

Chemical stucture
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Figure 1. Chemical structure of atrazine [2-chloro-4-(ethylamino)-6-isopropylamino)-s
triazine]. Source: Wikipedia, the free encyclopedia

2.2 Mode of action

Herbicides can either be selective or non-selective in their mode of action (Varshney et
al., 2012). The mode of action of herbicides is very helpful in understanding the
management, classification, organization, and hierarchy of the herbicides (Sherwani et
al., 2015). The mechanism of the action of herbicides for killing a weed is effective when
the herbicide undergoes the following processes, in the sequential order: Contact-
Absorption- Movement- Toxicity- and Death (DeBoer et al., 2011). The mode of action
of herbicides includes inhibition, interruption, disruption, or mitigation of the regular plant

growth.

The herbicide may interrupt and cause an injury or disrupt the regular plant growth and
development causing eventual plant death depending on the specific mode of action at
work which may involve a plant enzyme or a biological system (Sherwani et al., 2015).
Herbicides that belong to a specific group may have the same mode of action even
though they may belong to a different chemical family. There are different modes of
mechanism such as Lipid biosynthesis inhibitors, Amino acid biosynthesis inhibitors;
Plant growth regulators; Photosynthesis inhibitors; Nitrogen-metabolism inhibitors;

Pigment inhibitors; Cell-membrane disruptors; and Seedling-growth inhibitors.

Atrazine is a photosynthesis inhibitor (Diana et al., 2000).The mode of action of atrazine
herbicide is the inhibition of the photosynthetic pathway, specifically the Photosystem I
(PSII) (Muoni et al., 2014). Atrazine inhibits photosystem II (PSIl) by binding to the D1
protein thus blocking the electron transfer to the plastoquinone pool (Muoni et al., 2014),

hence with a resultant production of triplet chlorophyll and reactive oxygen species.
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Therefore, plants suffer oxidative stress as a result of reactive oxygen species (ROS)
generated at the cellular level such as singlet oxygen, superoxide radicals, hydroxyl
radical and hydrogen peroxide. Then in plant cells, these ROS are mainly produced in

the chloroplasts, mitochondria and peroxisomes (Erinle et al., 2016).
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Figure 2:Photosynthesis cycle/process (Angela Hartsock; Wikimedia, public domain)

2.3 Toxicity and residual effect of atrazine

Atrazine is known worldwide as the herbicide with the characteristic of broad-spectrum
toxicity (Lin et al., 2018). It has a half-life ranging from days to years depending on the
soil properties, environmental factors, and microorganism species (Wang et al., 2018). It
is resistant to degradation in water and is relatively stable in soil which may cause
phytotoxicity on non-target plant species (Gao et al., 2018). Due to its long persistence
in soil,it has a high potential to contaminate soil and become toxic to plants (James &
Singh, 2018).

The toxicity of atrazine can result in lower growth and crop productivity in situations of
low herbicide concentration in the soil. This can occur even when the toxicity is not
visible resulting in problems like intoxication in species cultivated in succession when
the residual effect exceeds the crop growing season which is known as carryover

(Bontempo et al., 2016). Atrazine can still be detected in low concentrations in
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agricultural soils after decades (Douglass et al., 2017) with the highest detected residual
amounts reaching 1mg/kg of soil (lvanov et al., 2004). Because triazines are considered
as a potential risk, toxic and accumulate in the environment they need to be monitored
to ensure that their concentrations do not exceed safe levels (Ntombela & Mahlambi,
2019). This study seeks to contribute to this by determining the residual levels of

atrazine in selected South African soils.

2.4 Factors affecting selectivity and residual activity of atrazine

Selectivity is the capacity of the herbicide to kill a target plant without harming or killing
the non-target plants. The selectivity of herbicides depends upon various factors, such
as plant physiology, soil topography, environment, timing of application, rate of
application, and application technique (Varshney et al., 2012). Selective herbicides are
highly specific herbicides which controls specific weeds associated with a specific crop.
Selective herbicides act by getting absorbed and translocated into the xylem or the
phloem of the weeds to inhibit or disrupt the metabolic machinery or other biosynthetic

pathways, and by injuring or killing the weeds (Varshney et al., 2012).

Atrazine is a selective herbicide that controlsgrassy and broadleaf weeds in sugarcane,
sorghum, nuts and corn crops (Singh et al., 2018). It is absorbed by the roots and
leaves then translocated acropetally in the xylem and accumulated in the apical
meristems. It is a photosynthetic inhibitor that is activated by light causing chlorosis and

desiccation of green tissues (Burhan & Shaukat, 2000).

Many cultures use herbicides with residual effects on soil. When the herbicide
preserves the integrity of its molecule in the environment for long, it is considered
residual (Janaki et al., 2012). When using herbicides, crop injury can be experienced
from time to time even if full spectrum weed control is often not achieved and carry-over
to follow-up crops may also occur (Saayman-du Toit, 2002). This is because when
certain herbicides are applied to the soil in large amounts, they accumulate leading to

herbicide residues that can be absorbed by plants (Wolmarans & Swart, 2014).
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When the residual effect exceeds the crop growing season it can cause problems such
as intoxication in species cultivated in succession. Biotic factors, the microbial flora in
soil, and abiotic factors such as soil pH, sunlight, soil humic acid, and metal oxide
content, can trigger chemical reactions. These reactions such as hydrolysis, photolysis,
and redox in these compounds determine the persistence and leaching of pesticides in
the soil (de Paulaa et al., 2016). Atrazine is highly persistent in soil withreported half-life
ranging between 10 and 5824 days (Salazar-Ledesmaa et al., 2018). The availability of
atrazine for uptake by certain crop species is influenced by several soil and weather
factors but crop species may show variable tolerance to atrazine in different localities
(Reinhardt & Nel, 1993).

2.4.1 Plant factors

Plants can be exposed to a complex of stress factors which can be divided into two
groups. Natural factors include extreme temperatures, water shortage, or lodging.
Anthropogenic factors include pesticides, heavy metals and air pollutants (lvanov,
Alexieva, & Karanov, 2005). Pesticides though beneficial, can pose serious risks to non-
target plants (Ntombela & Mahlambi, 2019). The uptake of atrazine by plants is
influenced by several physiochemical and biochemical mechanisms (Mudhoo & Garg,
2011). Crop species may be tolerant to atrazine in different localities. This is because
soil and weather conditions may differ between them resulting in differential availability

of atrazine for uptake by plants (Reinardt & Nel, 1993).

The only way plants respond to the herbicide is when the molecules of the compound
reach the site of action (Reinhardt & Nel, 1993). A herbicide absorbed by the plant
reaches its site of action usually located within an organelle in the plant cell. To elicit a
phytotoxic effect, it must be present in a toxic form for a sufficient time and
concentrations prior to phytotoxic action (Ferreira et al., 1999). Different plant
mechanisms control the accumulation of atrazine in target and non-target plants
because plants accumulate atrazine differently. Sensitive grass crops such as oats
accumulate atrazine at the tip of the lamina with a progressive decrease towards the

base. In dicotyledons such as soybeans accumulation occurs along the margins of the
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lamina and the development of phytotoxic symptoms follows this distribution pattern
(Nel & Reinhardt, 1984).

Exposure of atrazine to target and non-target plants results in oxidative stress (Singh et
al., 2018).Atrazine exposed and accumulated by maize can cause oxidative toxicity and
antioxidant response. Exposure to rice triggers specific GT genes and enzyme activities
(Singh et al., 2018). Plants use different mechanisms to prevent oxidative stress for
instance through reactive oxygen species scavenging (Singh et al., 2018). Plants can
use multiple sophisticated strategies that are based on the glycosyltransferase
detoxified pathway to withstand the adverse impact of atrazine and alleviate its

phytotoxicity via an enzymatic or nonenzymatic degradation system (Yi Chen Lu, 2013).

Plants detoxify herbicides through enzymes such as cytochrome 450, peroxidases, aryl
acylamidases, esterases, lipases, proteases, amidases, oxygenases and reductases
(Jiang et al., 2016). Resistant species such as corn and sorghum are able to use N-
dealkylation, 2-hydroxylation, and glutathione conjugation to rapidly metabolize and
detoxify atrazine (Mudhoo & Garg, 2011). Rice uses cytochrome P450 monooxygenase
genes to modify and detoxify atrazine (Singh et al., 2018).Bhullar et al. (2015), reported
that atrazine applied at 2 kg/ha in maize seeded in the first week of September affected
wheat crop seeded in the first half of November; with an interval of <75 days between

atrazine application and seeding wheat.

The studies above found that the exposure of plants to pesticides results in oxidative
stress. The authors further indicated that plants accumulate pesticides differently and at
different concentrations. Few studies have been done on the effect of atrazine on
emergence of potatoes and the accumulation of atrazine by potatoes in South Africa. A
positive outcome from the present study seeks to contribute to this by providing an
additional knowledge on the effect of atrazine on emergence of potatoes. The study will
also provide knowledge on the different levels of atrazine concentrations to determine
how much is accumulated in such a way that is toxic to the plant and the amount of

atrazine to be adjusted to concentrations desirable to crop uptake.
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2.4.2 Soil factors

When agricultural chemicals are either applied directly to soil or to the aerial parts of the
plants, soil is the final destination (Inoue et al., 2004). Therefore, it is important to
identify and understand the interactions between soil and herbicides (de Paula et al.,
2016). The presence of different reaction sites in soils in terms of their nature and
accessibility to herbicides determine the rate of sorption of the chemical (Inoue et al.,
2004). Atrazine, like many other herbicides enter the environment in a variety of ways

and remain in the soil through adsorptive processes.

Persistence, fate and eco-toxicological impacts of pesticide residues are determined by
the adsorption of the chemical to soil components (Gongora-Echeverria et al., 2019).
Atrazine has a high mobility in soil (Reis et al., 2018). It is expected that different crops
and cultivars are bound to respond differently to atrazine residues in the soil. Atrazine
contaminate soils at the highest detected residual amounts that reach 1mg/kg soil.
Inagricultural areas atrazine has been detected in 1-100g/kg soil. Thesame atrazine
concentrations have been reported to result in cytokinin-like properties in some plants
(lIvanov et al., 2004).Zabermawi & El-Bestawy, (2017), detected an atrazine residue of
0.232 ppm in soil after 25 days of application which decreased to 0.140 ppm 50 days

after herbicide application.

Soil pH, organic material, temperature and soil layer can influence herbicide
degradation rates (Nousiainen et al., 2015). Atrazine is degraded at higher
concentrations in topsoil than in subsoil where its degradation is considerably slower.
Soil pH has greater effect than organic matter and other soil properties (Shaner &
Henry, 2007). Reinhardt & Nel, (1993) demonstrated that soils with high organic matter
content of 3% C and a clay content of 31% showed no response to atrazine for dry bean
and sunflower except for the grain sorghum which was treated with relatively high
doses. Similarly, Reinhardt, (1995) demonstrated that atrazine persisted long in
Warmbaths soils with 35% total clay, 80% montmorillonite, 0.5% C and pH 7.8.In this

study, atrazine residues caused total failure on both sunflower and dry beans and on
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soils which kaolinite clay mineral predominated sunflower yield was reduced by 13%
and 21% (Reinhardt, 1995).

2.4.2.1 Soil texture

Migration of atrazine in soil occurs through soil microporous structure and adsorption of
atrazine on soil particles. This is because atrazine residues can be identified even after
several months of its application on soil particles (Janaki et al., 2012). Soil texture
influences atrazine residues more especially clay soils that have a higher capacity to
retain the molecule in colloids (Novais et al., 2019). Catalytic and adsorption properties
of clay soils make them important for retention and transport of organic and inorganic

chemicals through the environment.

Particles made of clays are frequently carriers of atrazine and other pollutants (Bilanovic
et al., 2007). Clay minerals can also form the last barrier to avoid translocation of
chemicals by soil leachates because clay minerals are the most reactive inorganic
constituents of soil (Salazar-Ledesma et al., 2018). Movement of atrazine to ground
water is related to its propensity to leach in coarse texture soils which are low in clay
content (Reinhardt & Hugo, 1997). Soils with high clay content binds herbicides such as
imazapyr (Campbell et al., 2019).

Clay content of the soil can change the adsorption behavior of atrazine which affects
atrazine removal efficiency (Mecozzi et al., 2006).Salazar-Ledesma et al. (2018) studied
soils having a clay content of 28% that increases with depth and medium total carbon
contents. He found thatthe soil had a moderate adsorption capacity for atrazine. In soils
with less than 30% clay under conventional tillage, the use of atrazine at application rate

greater than 50 g/ha active ingredient is not recommended (Muoni et al., 2014).

Some producers observed phytotoxicity after the application of pre-emergence
graminicides or graminicide mixtures used in South Africa such as acetochlor-atrazine-
propazine mixture, alachlor, atrazine-s-metholachlor mixture, and smetolachlor-

terbuthylazine mixture in soils with less than 10% clay (Saayman-du Toit, 2002).
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Atrazine is persistent in some types of soils and its half-life in sandy soils is 125 days
(Oladele et al., 2017). In unsaturated zone of agricultural soils microbial attenuation of
atrazine takes place and is most active in the top 15 cm layer. Only a fractional atrazine
residue can reach the saturated zone and drainage of atrazine in this zone is enhanced
in sandy soils (Douglass et al., 2017).

2.4.2.2 Soil pH

Soil pH is one of the factors that have a greater effect on the rate of degradation than
OM and other soil properties (Yale et al., 2017). Soil fertility for crop production is
determined by soil acidity as indicated by pH. Changes in soil pH affects herbicide
persistence in soil (Kotze & du Preez, 2008). Atrazine is a weak base pKa 1.7 and
adsorbs less as soil pH increases and the rate of degradation decreases (Shaner &
Henry, 2007). Atrazine as a weak base protonates when the pH of the soil is close to
1.7, further increasing its solubility (Salazar-Ledesma et al., 2018). Additionally, atrazine
degradation is faster in soils with a pH of 6.5 than with soils with a pH of 6.0 due to the

bioavailability of the herbicide to soil microbes (Shaner & Henry, 2007).

Reinhardt & Hugo (1997), pointed out that soil pH and organic matter are the indicators
of atrazine persistence in the soil. In addition, they reported that atrazine would have a
higher propensity to leach in neutral or alkaline soils low in organic matter content
(Reinhardt & Hugo, 1997). Similarly, Yale et al. (2017), showed that soil pH affected
degradation of atrazine. Soil pH is one of the factors that are very important for
herbicide degradation and sorption and associated microbial activity. It controls sorption
of glyphosate more than soil organic carbon (Wolmarans & Swart, 2014).

2.4.2.3 Soil temperature

Soil temperature has an effect on atrazine. Research has demonstrated that in several
soils, atrazine half-life varied from about one month in warm, wet soil with 25°C to about
a year in cool, dry soil with 5°C (Reinhardt & Nel, 1993). Soil temperature decreases
with depth during daytime in summer and affect the sorption and microbial rate

processes of the herbicide (Paraiba & Spadotto, 2002). Tilled soils are warmer at the
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surface but cooler below a certain depth because soil temperature decreases with depth
more steeply in tilled than untilled soil (Paraiba et al., 2003). Under the modified
environmental conditions, the rate of pesticide degradation is faster than in temperate
climates. This is due to higher microbial populations and activities as a result of higher

soil temperature (Paraiba et al., 2003).

Janaki et al. (2012) showed that soil temperature and distribution of rainfall plays a key
role on the degradation of atrazine in the soil. The susceptibility of plants to the herbicide
is affected by factors that influences the amount of herbicide absorbed such as cultivar,
herbicide placement, temperature, soil moisture and other soil factors (Allemann &
Ceronio, 2009). Atrazine residues in soil depends on the soil composition, temperature,
pH and soil humidity and that its persistence is increased by cool and dry soil conditions
(Janaki et al., 2012).

2.4.2.4 Soil microorganisms

Atrazine and its residues persist long in soil posing a threat to non-target plants. Various
methods to remove atrazine from the environment have been tested. These includes
adsorption by various materials and biodegradation by microorganisms (Tao et al.,
2019). Bioremediation is a more preferred method for atrazine removal from the
environment because it can completely remove organic contaminants with low operation
costs (Gao et al., 2018). Microorganisms are well known for their bio-degradative
capabilities against a wide range of recalcitrant environmental pollutants. On repeated
and long application of atrazine, enhanced degradation due to microbial adaptation to
atrazine takes place leading to a reduction in herbicidal effectiveness (Zabermawi & El-
Bestawy, 2017).

Atrazine degradation in soil is usually caused by the action of microbes like bacteria,
fungi, and actinomycetes. The best characterized organisms that degrade atrazine are
of Pseudomonas spp and Bacillus spp (Zabermawi & El-Bestawy, 2017). Penicillium sp.
also has a great potential in bioremediation because of its cytochrome P450 enzyme
that can degrade organic matter by dealkylation and dehalogenation (Yu et al., 2018). In
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previous studies, it has been found that several species of Penicillium sp. like
Penicillium documbens, Penicillium janthinellum and Penicillium luteum are able to
degrade atrazine (Yu et al., 2018). Other microbial species such as Agrobacterium
radiobacter, Alcaligenes sp., Enterobacter cloacae, Nocardia sp., and Rhodococcus

spcan exhibit atrazine metabolism (Singh et al., 2018).

Degradation by microorganisms occurs when the herbicide is broken down by
microorganisms present in the soil. The microorganisms use the herbicide molecule as
a food source, to derive their energy and other nutrients for their cellular metabolism
(Oladele & Ayodele, 2017). Agricultural soils have become the new hotspot for
microorganisms degrading pesticides as these soils receive pesticides year after year
(Ramakrishnan et al., 2019). However, the presence and activity of microorganisms in
the soil depends on the conditions favorable for their growth and survival. These include
warm temperatures, favorable pH levels, adequate soil moisture, oxygen and nutrient
availability (Rao, 2000).

Atrazine degradation in the environment takes place in three processes which includes
dechlorination, dealkylation, and deamination (Yu et al., 2018). A mechanism of
hydrolytic dechlorination is used by some bacteria to initiate degradation of atrazine
involving the enzyme atrazine chlorohydrolase (Singh et al., 2018). Bacterial and fungal
species dechlorinate atrazine molecule leading to the formation of hyroxyatrazine,
deisopropylatrazine and deethylatrazine (Singh et al., 2018). Biodegradation of atrazine
by microorganisms has been reported by many researchers with the formation of
metabolites like hydroxyatrazine, deethylatrazine, or deisopropylatrazine being
proposed (Kolekara et al., 2019). Gao et al. (2018), used Arthrobacter sp. strain HB-5, a
degrading bacterial strain to remove atrazine from soil in a lab incubation experiment.
The strain degraded of added atrazine 100%, withthe degradation half-life three times

less than the natural soil.
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2.4.2.5 Soil moisture

Moisture and temperature are the two main environmental factors affecting the behavior
of pesticides in soil with moisture having a more significant relative weight than soil
temperature (Paraiba & Pulino, 2003). Soil moisture is an important factor in
management of water resources, especially in arid and semi-arid regions (Moller et al.,
2018). Soil moisture is also a key variable in the water and energy cycles and is
essential for adequate development of crops (Tamfuh et al., 2018). Overall biological
activity of atrazine is limited by soil moisture below field capacity during at least 15 days
between irrigation events (Salazar-Ledesma et al., 2018). Increased moisture retention
promotes the build-up of microorganisms of which some of them contribute in atrazine
degradation (Muoni et al., 2014).

2.4.2.6 Soil organic matter

Soil organic matter is crucial for agricultural productivity because it is important for soil
structure, water holding capacity, and release and retention of plant nutrients (Martinsen
et al., 2019). It is also a key indicator for soil quality (Paul et al., 2013). Soil ecosystem
functions can be affected by synthetic fertilizers through the impact on primary
productivity and reduction in the quantity of soil organic matter input (Zabermawi & El-
Bestawy, 2017). Soil organic matter helps the soil to rebound against soil compaction
(Cheong et al., 2009). The adsorption of s-triazines to organic matter determines the
vertical distribution of herbicides in the soil (Reinhardt & Hugo, 1997). It is one of the

most important factors of atrazine adsorption and bioactivity (Reinhardt et al., 1990).

Atrazine has been detected as an organic contaminant in agricultural soils with the
sorption controlled by soil organic matter (Wu et al., 2015). Sorption of atrazine to soils
correlates positively with organic carbon content. Sorption of the herbicide to organic
matter lowers its bioavailability increasing its persistence despite its susceptibility to
abiotic and biotic degradation (Mudhoo & Garg, 2011). Atrazine does not adsorb
strongly to soil particles therefore it is moderately to highly mobile in soils with low
organic matter content (Paraiba & Pulino, 2003). Sorption of atrazine is slow in a well-
structured soil with high organic matter (Inoue et al., 2004).
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Organic matter content is the main regulator of atrazine binding and residue formation
(Novais et al., 2019). Depending above all on the molecular structure of the natural
organic matter atrazine can bind to soil humic substances (Gongora-Echeverria et al.,
2019). Humus-fixed atrazine persists long in the soil and is recalcitrant to degradation.
This is since it is strongly bound with soil organic matter or it is trapped within the soll
micropores and it has an extremely low accessibility by microorganisms (Lin et al.,
2019).Soil organic matter content in South Africa is naturally very low with an estimation
of 60% of the soils containing less than 0.5% of soil organic matter (Swanepoel et al,
2018).

Soil organic matter was reported by numerous studies to be the most important soil
factor concerning atrazine adsorption and bioactivity. Soil organic matter and P-
reversion are better predictors of the biological activity of atrazine in South African soils
than clay content (Reinhardt & Hugo, 1997). Wu et al.(2015) investigated the sorption
characteristics of atrazine on SOM fractions. The study quantified the relative
contribution of SOM fractions to the overall sorption of atrazine in Vertisols.The study
found that the amounts of atrazine sorbed onto the extracted SOM fractions increased
sharply in the first 10 hours attained 75% of the equilibrium sorption amounts within 48
hours followed by much slower progress toward an apparent equilibrium during the next
120 hours after which the maximum sorbed amount was observed. The studies above
found that crops respond differently to atrazine residues in the soil and that soils differ in
their characteristics and influence to herbicides. The presentstudy will provide
knowledge on the interaction of soil type and atrazine to determine the type of soils that

influence the activity and effect of atrazine on potatoes.
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CHAPTER 3:MATERIALS AND METHODS

3.0 Material and Methods
This chapter presents the material and methods employed in this study. Also, the

statistical procedures that were employed were detailed.
3.1 Ethical Considerations

Ethics Clearance was received before proceeding with the study under Ethics Approval
number 2019/CAES/071 from the UNISA Ethics Committee of the College of Agriculture
and Environmental Sciences (CAES). A research proposal was presented before the

CAES panel for post-graduate students prior to application for ethics approval.

3.2 Experimental Site

The study on bioassay of Potato (Solamum Tuberosum) cultivar (Moonlight), using
three different types of soils (Table 1) named sandy, clay loam, and sandy loam soll
from Thohoyandou, Mphephu Limpopo was conducted in a fully automated greenhouse
at the Horticultural Centre UNISA Florida Campus, South Africa. The coordinates are
latitude S26° 9.501 and Longitude: E27° 54.113 in Johannesburg Gauteng Province.
Temperatures ranged between 18 and 30°C (AccuWeather Inc, online). Supplemental
lighting was not provided, and humidity was increased from ambient by an evaporative
cooling system. The temperature in the greenhouse was set to a 28°/18°C day/night
temperature regime. The trials were conducted under natural daylight conditions, with a

day length of approximately 12 hours.

The three soils used were collected from Thohoyandou, Mphephu Limpopo (Table 1).
For each soil, sampling was done by collecting soil from a depth of 60cm using a spade.
The 1% 30cm soil was top soil and the 2" subsoil. The soil was taken several times at

other randomly chosen spots. The top soils were then mixed together as well as the sub
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soils which were then put in containers marked top and subsoil. A sample of 1 kg soil

was obtained and then sent to ARC for soil analysis.

Table 1: Characteristics of selected Soils

Soil Type Clay Silt% Sand pH CEC

% % H,0  cmol(+)kg-'
Clay loam 37.70 22.0 3445 556 6.2552
soil
Sandysoil 12.0 8.0 72.67 6.70 6.4335
Sandy 22.0 10.6 68.0 6.49 7.3587
loam soil

3.3 Experimental Design

Three soils were harvested namely sandy, clay loam, and sandy loam soils. The soils
were used in the study as a factor, and different application rates of atrazine were
applied as a second factor. The experiment was laid out using Randomized Complete
Block Design with three (3) replicates based on the fully automated greenhouse. The
study trial constituted three (3) blocks with thirty-six (36) pots spaced at 30 cm inter-row
and 15 cm intra row spacing. Four different atrazine rates namely: 0.1, 0.2, 0.3 mg/L,

and 0 control were soil administered into a 30 cm plastic pot having the soils (1 kg/pot).

A 20 ml spray bottle was used, 19.9 ml of tap water was make-up with 0.1 ml of atrazine
solution to apply in a pot for treatment 1, 19.8 ml of tap water was make-up with 0.2 ml
of atrazine solution to apply in a pot for treatment 2, and 19.7 ml of tap water was make-
up with 0.3 ml of atrazine solution to apply in a pot for treatment 3. The soil after
atrazine administration was homogenized and the process was replicated accordingly.
The atrazine levels were determined in accordance with the reports by Sharma et al.
(2004). Prior to this, white plastic bags were placed inside the pots before filling the pots

with soil to avoid herbicide leaching.
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Two seed potatoes (cultivar Moonlight) were planted into the pots a day after the
application of herbicide. The seed tubers were at bud breaking stage and of equal size
of approximately 2 - 4 g. The pots received overhead sprinkler water irrigation 48 hours
after planting. As recommended by ARC, MAP (110 kg/h MAP of 10:48:0), KCL (510
kg/h KCI (50), and Zn (40 kg/h of 2:3:4 (30) + 0.50%) were applied pre-planting,
thereafter fertigation was done at 3 to 4 weeks using LAN (350 kg/h LAN (28) based on
the soil analysis. The fertilizer was applied in a ring band and allowed to dissolve as the
plants receive water. After 12 weeks of planting, the experiment was terminated then
the soil was used further for the 2™ planting of potato seed without application of the

herbicide to determine the residual effect of atrazine on emergence.

3.4 Data Collection

The number of days to emergence of the first seeds to emerge and the number of
seedlings that emerged (establishment count) were recorded within 1 to 3 weeks after
planting. Plant height per plant was measured from the base of the stem to the tip using
a meter rule and the number of leaves per plant was counted and recorded weekly. The
plants were uprooted 12 weeks after planting and washed off any loose soil using tap
water before the fresh weight was weighed and recorded using a sensitive weighing

balance.

For the dry weight, the plants were dried in a well-labeled paper bag according to the
different treatments, with the date of sample collection and replicate number.
Thereafter, they were placed in the oven at 60°C for 48 hours. After oven drying the
samples were weighed and recorded. The number of potato tubers per plant was
counted and recorded respectively. After harvesting all the potatoes from the plant, the
fresh and dry potato tubers were weighed and recorded. Data were expressed as
percentage damage, i.e. percentage reduction in the emergence and shoot dry mass

compared with the number planted in each experiment.

3.5 Data Analysis
Analysis of variance (ANOVA) was achieved using Statistica and SAS Version 9.4 at

95% confidence level (i.e. <0.05 significance) which explains that, if P values are <0.05;
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the null hypothesis will be rejected which says that soil applied atrazine has no effect on

growth parameters of potato plant (Steel & Torrie, 1980).

CHAPTER 4: RESULTS

4.0 INTRODUCTION

Two experiments were carried out. The 1st experiment was carried out with atrazine
application and potato seeds planted immediately. The effect of atrazine on potato
parameters (days to emergence, number of seedlings emerged, plant height, number of
leaves and fresh weight, dry weight, fresh tuber weight, dry tuber weight and tuber
number) was observed. The soil was used further for 2nd planting where the application
of atrazine was not included but all other planting conditions kept constant. The residual
effect of atrazine was determined only on emergence (number of seedlings emerged

(establishment count)and days to emergence).

4.1 Effect of atrazine on days to emergence of seed potatoes for Sandy, Clay loam
and Sandy loam soil for 1! planting
The present study found atrazine significantly (P< 0.05) affected potato seed days to

emergence of the three soils.

Table 2: The effect of soil type and atrazine application rate on days to emergence of

seed potato

Atrazine (mg/l) Days to Emergence
Soil Type

Sandy soil 8.19b

Clay loam soill 9.58 a

Sandy loam soil 8.75b

Least Significance

Atrazine application rate

Control 7.03 a
0.1 8.89c
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0.2 9.56 bc

0.3 9.89b
Least Significance *
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

The effect of the soils on the mean number of days to emergence was significant (P<
0.05) (Table 2). Clay loam soil produced the highest (9.58) mean number of days to
emergence (Table 2). Sandy soil and Sandy loam soil resulted in similar number of days
to emergence (Table 2). Atrazine application rate significantly (P< 0.05) affected the
number of days to emergence (Table 2). The control had the lowest (7.03) number of
days to emergence than all atrazine applied treatments and the highest (9.89) was
observed on applying 0.3 mg/l atrazine (Table 2). The control was significantly (P< 0.05)

different from all atrazine applied treatments (Table 2).

Results indicated that the interaction of soil type and atrazine application rate was
significant (P< 0.05) (Figure 3,4,5). This indicated that days to emergence from different
soil types responded differently at different atrazine rates. In the Sandy soil, applying
0.3 mg/l atrazine resulted in the highest (10.33) number of days to emergence (Figure
3). In this soil, the control (without application) had the lowest (7.10) number of days to
emergence (Figure 3). The control was significantly (P< 0.05) similar to applying 0.1
mg/l atrazine and significantly (P< 0.05) different from 0.2 and 0.3 mg/I atrazine applied

treatments (Figure 3).

For the Clay loam soil, the control (without herbicide) had the lowest number of days to
emergence (7.00) compared to all atrazine applied treatments (Figure 4). In this soil, the
control was significantly (P< 0.05) different from all atrazine applied treatments and
insignificant (P< 0.05) difference was observed between applying 0.2 and 0.3 mg/I

(Figure 4). In the Sandy loam soil, the control had the lowest number of days to

37



emergence compared to all other atrazine applied treatments (Figure 5). In this soil, the

highest (10.00) was at applying 0.3 mg/l atrazine (Figure 5).

The three soils had similar number of days to emergence on the control (treatment
without) compared to all atrazine applied treatments. The highest (11.00) number of
days to emergence was observed on applying 0.1 and 0.2 mg/l atrazine on Clay loam
soil relative to the other soils (Figure 4).
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Figure 3: Days to emergence of seed potatoes treated with atrazine on Sandy soil.
*Means with the same letter are not significantly different at P< 0.05
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Figure 4. Days to emergence of seed potatoes treated with atrazine on Clay loam soil.
*Means with the same letter are not significantly different at P< 0.05
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Figure 5: Days to emergence of seed potatoes treated with atrazine Sandy loam soil.
*Means with the same letter are not significantly different at P< 0.05

4.2 Effect of atrazine on the number of potato seedlings emerging (establishment
count)for Sandy, Clay loam and Sandy loam soil of 1% planting

The effect of atrazine on the number of potato seedlings that emerged was significant
(P< 0.05) for Sandy loam soil. There was no statistically significant (P< 0.05) effect for

Sandy and Clay loam sails.
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Table 3: The effect of soil type and atrazine application rate on number of seedlings

emerged of seed potato

Atrazine (mgl/l) Number of seedlings emerged
Soil type

Sandy soil 258 a
Clay loam soil 2.67 a
Sandy loam soil 258 a
Least Significance Ns
Atrazine application rate

Control 200c
0.1 2.78 ab
0.2 2.33 bc
0.3 3.33a
Least Significance *
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

The effect of the soils on mean number of potato seedlings emerged was not significant
(P=< 0.05) (Table 4). The three soils resulted in similar mean number of potato seedlings
emerging (Table 4). Atrazine application rate significantly (P< 0.05) affected the number
of potato seedlings that emerged (Table 4). Treatment level 0.3 mg/l resulted in the
highest mean number of seedlings emerged (3.33) relative to the other treatments
including the control (without herbicide treatment) (2.00) (Table 4). The control is
significantly (P< 0.05)similar to applying 0.2 mg/l and significantly different from 0.1 and

0.3 atrazine applied treatments (Table 4).

Results indicated that the interaction of soil type and atrazine application rate was
significant (P< 0.05) (Figure 6,7,8). In the Sandy soil, the highest (3.33) number of
seedlings emerging was observed at applying 0.3 mg/l atrazine (Figure 6). In this soil,
the control was significantly (P< 0.05) similar to applying 0.2 mg/l atrazine and
significantly (P< 0.05) different from 0.1 and 0.3 mg/| atrazine applied treatments (Figure
6). For the Clay loam soil, the control had the lowest (2.00) number of potato seedlings

emerging compared to all atrazine applied treatments (Figure 7). The highest (3.33)
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number of potato seedlings emerging was observed at applying 0.1 mg/l atrazine
(Figure 7). The control was significantly (P< 0.05) different from all atrazine applied
treatments (Figure 7).

In the Sandy loam soil, the control (without herbicide) had similar mean number of
potato seedlings emerging with applying 0.1 gm/| atrazine (Figure 8). The highest (4.00)
number of potato seedlings emerging was observed on applying 0.3 mg/l atrazine.
Sandy loam soil resulted in the highest number of potato seedlings emerging compared
to all other soils (Figure 8). For control (without herbicide treatment) the three soils had
similar number of potato seedlings emerging. Applying 0.1 mg/l atrazine on Sandy loam
soil and 0.2 mg/l on Sandy soil had similar number of seedlings emerged with the

control (without application).
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Figure 6: Effect of atrazine on germination percentage of seed potatoes on Sandy soil.
*Means with the same letter are not significantly different at P< 0.05
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Figure 7: Effect of atrazine on germination percentage of seed potatoes on Clay loam
soil. *Means with the same letter are not significantly different at P< 0.05
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Figure 8: Effect of atrazine on germination percentage of seed potatoes on Sandy loam

soil. *Means with the same letter are not significantly different at P< 0.05

4.3 Effect of atrazine on potato height for Sandy, Clay loam and Sandy loam soil
The effect of atrazine on potato height was significant (P< 0.05) for Sandy and Sandy

loam soil and insignificant (P< 0.05) for Clay loam sail.
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Table 4: Effect of soil type and atrazine application rate on potato height (cm)

Atrazine (mgl/l) Plant Height (cm)
Soil Type

Sandy soil 47.00 a

Clay loam soil 35.17 ¢

Sandy loam soil 4442 b

Least Significance

Atrazine application rate

Control 42.88 b
0.1 37.22 a
0.2 43.00b
0.3 4566 b
Least Significance *
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

The effect of the soils on mean potato height was significant (P< 0.05) (Table 6). All the
means of the potato height were significantly (P< 0.05) different (Table 6). Sandy soil
produced the highest mean of potato height (47.00) compared to Clay loam soil (35.00)
and Sandy loam soil (44.42). Clay loam soil resulted in significantly (P< 0.05) lower
mean potato height (35.00) than the other soils. Atrazine application rate
significantly(P< 0.05) affected potato height (Table 6). Applying atrazine at 0.1 mg/I
resulted in the lowest mean potato height compared to all other treatments including the
control (without herbicide treatment). The control is significantly (P< 0.05) similar

toapplying 0.2 and 0.3 mg/l atrazine (Table 6).

Results indicated significant (P< 0.05) interaction of soil type and application rate
(Figure 9,10,11). Sandy soil had the highest mean potato height (54.00) for the control
(without herbicide) compared with treatments treated with atrazine (Figure 9). The
lowest potato height of 39.67 was on application rate of 0.1 mg/I atrazine (Figure 9). The
Clay loam soil had the lowest potato height (32.00) in the control (without herbicide)
compared with the treatments treated with atrazine, with the highest height observed on
applying atrazine at 0.3 mg/I (38.67) (Figure 10).
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For the Sandy loam soil, the lowest potato height was on applying atrazine at 0.1 mg/I
(36.33) compared to the control (Figure 11). However, the control also had a lower
potato height than on applying 0.2 and 0.3 mg/l atrazine with the tallest potato plants
recorded on applying 0.3 mg/l (52.00) atrazine (Figure 11). The shortest potato plants
among all the soils were in the control treatment for the Clay loam soil (32.00) (Figure
10) while the tallest were on the Sandy soil (54.00) (Figure 9).
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Figure 9: Effect of atrazine on plant height of potato plant on Sandy soil. *Means with

the same letter are not significantly different at P< 0.05
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Figure 10: Effect of atrazine on plant height of potato plant on Clay loam soil. *Means
with the same letter are not significantly different at P< 0.05
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Figure 11: Effect of atrazine on plant height of potato plant on Sandy loam soil. *Means
with the same letter are not significantly different at P< 0.05
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4.4 Effect of atrazine on the number of potato leaves for Sandy, Clay loam and
Sandy loam soils

The effect of atrazine on the number of potato leaves was significant (P< 0.05) for
Sandy loam soil. There was no statistically significant (P< 0.05) effect for Sandy and
Clay loam soils.

Table5: Effect of soil type and atrazine application rate on the mean number of potato

leaves

Atrazine (mgl/l) Number of leaves
Soil type

Sandy soil 29.5b

Clay loam soil 2492 a

Sandy loam soil 30.67 b

Least Significance

Atrazine application rate

Control 27.66 b
0.1 27.22 b
0.2 28.00 b
0.3 30.55 a
Least Significance *
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

The effect of the soils on mean number of potato leaves formed was significant (P<
0.05) (Table 8). Clay loam soil had significantly (P< 0.05) fewer leaves (24, 94) than
Sandy soil (29,5) and Sandy loam soil (30.67) (Table 8). There was no significant (P<
0.05) difference between Sandy soil and Sandy loam soil (Table 8). Atrazine application
rate significantly (P< 0.05) affected the number of potato leaves formed by potato plants
(Table 8). Application rate of 0.3 mg/l atrazine resulted in the highest number of potato
leaves than all other treatments (Table 8). There was no significant (P< 0.05) difference

between the control and applying 0.1 and 0.2 mg/I atrazine (Table 8).

The results indicated that the interaction of soil type and atrazine application rate is
significant (P< 0.05) (Figure 12,13,14). This indicated that the number of leaves formed

per plant from different soil types responded differently at different atrazine rates. Sandy
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soil had the highest number of potato leaves (31.67) in the control (without herbicide
treatment) compared to the other treatments (Figure 12). For Clay loam soil, the control
(without application) had similar number of potato leaves with applying 0.2 mg/l atrazine
of 23.67 (Figure 13). The highest number of potato leaves were observed on applying
atrazine at 0.3 mg/I (27.00) (Figure 13).

In the Sandy loam soil, the control (without herbicide) had fewer potato leaves (27.67)
compared to the treatments treated with atrazine (Figure 14). The highest (36.33)
number of leaves were observed on applying 0.3 mg/l atrazine (Figure 14). Applying 0.3
mg/I atrazine resulted in significant (P< 0.05) difference from all other treatments for the

Sandy loam soil (Figure 14).

On comparing the three soils, the control (without herbicide) had fewer leaves on Clay
loam and Sandy loam soils (23.67 and 27.67 respectively) compared to the Sandy soil
(31.67). For the treatments treated with atrazine the highest number of potato leaves

were observed on applying 0.3 mg/l (36) atrazine in the Clay loam soil (Figure 13).
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Figure 12: Effect of atrazine on the number of potato leaves on Sandy soil. *Means with

the same letter are not significantly different at P< 0.05
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Figure 13: Effect of atrazine on the number of potato leaves on Clay loam soil. *Means

with the same letter are not significantly different at P< 0.05
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Figure 14: Effect of atrazine on the number of potato leaves on Sandy loam soil.

*Means with the same letter are not significantly different at P< 0.05
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4.5 Effect of atrazine on potato fresh weight for Sandy, Clay loam and Sandy loam
soil

This study found atrazine application not significantly (P< 0.05) affecting potato fresh
weight in the three soils.

Table 6: Effect of soil type and atrazine application rate on potato fresh weight (g)

Atrazine (mgl/l) Fresh weight (g)
Soil Type

Sandy soil 365.85 a
Clay loam soil 354.94 a
Sandy loam soil 360.46 a
Least Significance Ns
Atrazine application rate

Control 328.64 b
0.1 349.35 ab
0.2 360.44 ab
0.3 403.25 a
Least Significance *
Interaction

Soil X Atrazine Ns

*Means with the same letter are not significantly different at P< 0.05

Soils had a statistically (P< 0.05) insignificant effect on potato fresh weight (Table 10).
Potato fresh weight was similar in the three soils (Table 10). The atrazineapplication
rate significantly (P< 0.05) affected the potato fresh weight (Table 10).Applying 0.3 mg/I
atrazine resulted in the highest potato fresh weight (403.25) (Table 10). There was no
significant (P< 0.05) difference between applying 0.1 and 0.2 mg/l atrazine (Table 10).
The control is significantly (P=0.5) different from applying atrazine at 0.3 mg/l and
statistically (P=0.5) similar to applying atrazine at 0.1 and 0.2 mg/I (Table 10).

The interaction of soil type and atrazine application rate on potato fresh weight of
potatoes was statistically insignificant (P< 0.05) (Figure 15,16,17). This indicated that
the fresh weight of potatoes from different soil types did not respond differently to

different atrazine application rates (Figure 15,16,17).
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Figure 15: Effect of atrazine on potato fresh weight on Sandy soil. *Means with the

same letter are not significantly different at P< 0.05
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Figure 16: Effect of atrazine on potato fresh weight on Clay loam soil. *"Means with the

same letter are not significantly different at P< 0.05
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Figure 17: Effect of atrazine on potato fresh weight on Sandy loam soil. *Means with the

same letter are not significantly different at P< 0.05

4.6 Effect of atrazine on dry potato above ground biomass for Sandy, Clay loam
and Sandy loam soils
The current study found statistically (P< 0.05) insignificant effects of applying atrazine

on dry potato above ground biomassin the three soils.

Table 7: Effect of soil type and atrazine application rate on the potato dry above ground

biomass (g) of potato plants

Atrazine (mg/l) Dry above-ground biomass (g)
Soil Type

Sandy soil 64.99 a

Clay loam soil 64.74 a

Sandy loam soil 69.99 a

Least Significance Ns

Atrazine application rate

Control 58.45b

0.1 61.33 ab

0.2 67.47 ab
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0.3 79.05 a
Least Significance *

Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

The three soils resulted in similar dry potato above ground biomass (Table 12). Atrazine
application rate significantly (P=0.5) effected the dry potato above ground biomass
weight of potato plants (Table 12). Applying atrazine at 0.3 mg/l resulted in the highest
mean of dry weight (79.05). (Table 12).

The control produced the lowest mean of dry weight (568.45) compared to all the
atrazine applied treatments (Table 12). Applying atrazine at 0.1 and 0.2 mg/I, resulted in
statistically (P=0.5) similar dry potato aboveground biomass (Table 12). The control is
significantly (P=0.5) different from applying atrazine at 0.3 mg/lI and statistically (P=0.5)
similar to applying atrazine at 0.1 and 0.2 mg/l (Table 12).

The present study found statistically significant (P<0.05) interaction between soils and
atrazine application rate on dry aboveground potato biomass (Figure 18,19,20). The
highest (95.15) dry potato aboveground biomass weight was recorded in the Sandy
loam soil (Table 13). In this soil, the control had the lowest weight (57.96) compared to
the atrazine applied treatments (Table 13). The highest dry weight of 95.15 g was
observed on applying 0.3 mg/l atrazine (Table 13).

In the Clay loam soil, the control (without herbicide) had the lowest dry weight (54.67 g)
compared to the atrazine applied treatments (Table 13). The highest (82.26) dry potato
aboveground biomass was observed on applying 0.3 mg/l atrazine in this soil (Table
13). The Sandy soil had the lowest mean (59.73) on applying 0.3 mg/l atrazine
compared to the control (62.72) (Table 13).

For the three soils, Clay loam soil had the lowest dry weight (54.67 g) on control (Table
13). Applying atrazine at 0.1 mg/l resulted in the lowest dry weight (56.24 g) and the
highest (95.15 g) was observed on applying 0.3 mg/l atrazine (Table 13).
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Figure 18: Effect of atrazine on dry potato above ground biomass on Sandy soil.

*Means with the same letter are not significantly different at P< 0.05
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Figure 19: Effect of atrazine on dry potato above ground biomass on Clay loam soil.

*Means with the same letter are not significantly different at P< 0.05
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Figure 20: Effect of atrazine on dry potato above ground biomass on Sandy loam soil.

*Means with the same letter are not significantly different at P< 0.05

4.7 Effect of atrazine on fresh potato tuber weight for Sandy, Clay loam and
Sandy loam soil
The effect of atrazine on potato fresh tuber weight was significant (P< 0.05) for Clay

loam and Sandy loam soil andinsignificant (P< 0.05) for Sandy soils.

Table 8: Effect of soil type and atrazine application rate on potato fresh tuber weight (g)

Atrazine (mgl/l) Fresh tuber weight (g)
Soil Type

Sandy soil 148.83 a
Clay loam soil 141.00 a
Sandy loam soil 146.83 a
Least Significance Ns
Atrazine application rate

Control 173.89 a
0.1 135.78 b
0.2 139.78 b
0.3 132.78 b

Least Significance
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Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

The three soils statistically (P< 0.05) resulted in similar potato dry tuber weight (Table
14).Atrazine application rate significantly (P< 0.05) affected the potato fresh tuber
weight (Table 14). The control produced the highest potato fresh tuber weight (173.89)
compared to all atrazine applied treatments (Table 14). The control was significantly (P<

0.05) different from all other atrazine applied treatments (Table 14).

The interaction of soil type and atrazine application rate on fresh tuber was significant
(P< 0.05) (Figure 21,22 &23). The highest (186.67) fresh potato tuber weight was
recorded in the Sandy soil (Figure 21). In this soil, the control had the highest mean of
fresh tuber weight (186.67 g) compared to the atrazine applied treatments (Figure 21).
In the Clay loam soil, the control had the highest potato fresh tuber weight (167.67 g)
compared to the atrazine applied treatments (Figure 22). In this soil, applying atrazine at
0.2 and 0.3 mg/l resulted in similar fresh tuber weight of potatoes (Figure 22). For the
Sandy loam soil, the control was significantly (P< 0.05) similar to all atrazine applied

treatments (Figure 23).

55



250

a
200 -
abc
150 - bc bc
- I I
0 L L L 1
0.1 0.2 0.3

Control

Fresh tuber weight (g)
3

Herbicide treatment levels (mg/l)

Figure 21: Effect of atrazine on fresh potato tuber weight on Sandy soil. *Means with the

same letter are not significantly different at P< 0.05
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Figure 22: Effect of atrazine on fresh potato tuber weight on Clay loam soil. *Means with

the same letter are not significantly different at P< 0.05
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Figure 23: Effect of atrazine on fresh potato tuber weight on Sandy loam soil. *Means

with the same letter are not significantly different at P< 0.05

4.8 Effect of atrazine on dry potato tuber weight for Sandy, Clay loam and Sandy
loam soil
The current study found statistically (P< 0.05) insignificant effects of applying atrazine

on dry potato tuber weight in the three soils.

Table 9: Effect of soil type and atrazine application rate on potato dry tuber weight (g)

Atrazine (mg/l) Dry tuber weight (g)
Soil Type

Sandy soil 94.92 a
Clay loam soil 92.58 a
Sandy loam soil 89.42 a
Least Significance Ns
Atrazine application rate

Control 95.89 a
0.1 92.22 a
0.2 88.78 a
0.3 92.33 a
Least Significance Ns
Interaction

Soil X Atrazine Ns

*Means with the same letter are not significantly different at P< 0.05
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Soils had a statistically (P< 0.05) insignificant effect on dry potato tuber weight (Table
16). Potato dry tuber weight was similar in the three soils (Table 16). The atrazine
application rate had a statistically (P< 0.05) insignificant affect the dry potato tuber
weight (Table 16). The control was significantly (P< 0.05) similar to all atrazine applied

treatments (Table 16).

The interaction of soil type and atrazine application rate on potato dry tuber weight was
statistically insignificant (P< 0.05) (Figure 24, 25 &26). This indicated that the dry tuber
weight of potatoes from different soil types did not respond differently to different

atrazine application rates (Figure 24, 25 &26).
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Figure 24: Effect of atrazine on potato dry tuber weight on Sandy soil. *Means with the

same letter are not significantly different at P< 0.05
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Figure 25: Effect of atrazine on potato dry tuber weight on Clay loam soil. *Means with

the same letter are not significantly different at P< 0.05
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Figure 26: Effect of atrazine on potato dry tuber weight on Sandy soil. *Means with the

same letter are not significantly different at P< 0.05
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4.9 Effect of atrazine on potato tuber number for Sandy, Clay loam and Sandy
loam soil
The effect of atrazine on potato dry tuber weight was significant (P< 0.05) for Sandy soil

and insignificant (P< 0.05) for Clay loam and Sandy loam soil.

Table 10: Effect of soil type and atrazine application rate on the mean number of tubers

per potato plant

Atrazine (mg/l) Tuber number (per plant)
Soil Type

Sandy soil 233b

Clay loam soil 2.75 ab

Sandy loam soil 3.25a

Least Significance

Atrazine application rate

Control 3.00 a
0.1 244 a
0.2 2.67 a
0.3 3.00 a
Least Significance Ns
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

Sandy loam soil resulted in significantly (P< 0.05) higher number of tubers (Table 18).
The atrazine application rate had a statistically (P< 0.05) insignificant effect on the
number of tubers produced (Table 18). The control was significantly (P< 0.05) similar to

all atrazine applied treatments (Table 18).

The interaction of soil type and atrazine application rate on potato tuber number was
significant (P< 0.05) (Figure 27, 28 &29).In the Sandy soil, the control was significantly
(P< 0.05) different from all atrazine applied treatments (Figure 27). In this soil the
control had higher (3.33) number of tubers compared to all atrazine applied treatments
(Figure 27). In the Clay loam soil, applying 0.3 mg/lI atrazine resulted in the highest
(3.33) number of tubers produced by potatoes (Figure 28).
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For the Sandy loam soil, the highest (3.67) was observed on applying 0.3 mg/l atrazine
compared to the control (3.00) which was similar to applying 0.1 and 0.2 mg/| atrazine
(Figure 29). Comparing the three soils, Sandy loam soil had the highest mean number

of tubers (Figure 29).

5 -
4 1 ab
6 4
o]
g 3 A
>
- 1 C c C
g 21
5
l_ -
0 T T T 1
Control 0.1 0.2 0.3

Herbicide treatment levels (mg/l)

Figure 27: Effect of atrazine on potato dry tuber weight on Sandy soil. *Means with the

same letter are not significantly different at P< 0.05
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Figure 28: Effect of atrazine on potato dry tuber weight on Clay loam soil. *Means with

the same letter are not significantly different at P< 0.05
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Figure 29: Effect of atrazine on potato dry tuber weight on Sandy loam soil. *Means with

the same letter are not significantly different at P< 0.05

4.10 Residual effect of atrazine on days to emergence of seed potatoes for Sandy,
Clay loam and Sandy loam soil of 2nd planting

The soil was used further for 2" planting and only emergence was measured to
determine the residual effect of atrazine on emergence of seed potatoes. The study
found atrazine significantly (P< 0.05) different on Days to emergence for Sandy and
Clay loam soils andinsignificant (P< 0.05) for Sandy loam soil.

Table 11: Effect of soil type and atrazine application rate on the number of days to

emergence of seed potatoes

Atrazine (mg/l) Days to Emergence
Soil Type

Sandy soil 7.50 a

Clay loam soil 8.17b

Sandy loam soil 8.33b

Least Significance

Atrazine application rate

Control 7.33 a
0.1 8.00b
0.2 8.22b
0.3 8.44 b
Least Significance *
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05
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Sandy soil was more affected than Clay loam and Sandy loam soil (Table 20). Sandy
soil resulted in significantly (P< 0.05) lower mean number of days to emergence
compared to the three soils (Table 20).Except for the Sandy loam and Clay loam soil,
the atrazine residues tended to reduce the number of days to emergence for Sandy soll
(Table 20). Clay loam and Sandy loam soils resulted in similar mean number of days to

emergence (Table 20).

Atrazine application rate significantly (P< 0.05) affected the number of days to
emergence of potato plant (Table 20). The control had the lowest (7.33) number of days
to emergence compared to all atrazine applied treatments (Table 20). The control is

significantly (P< 0.05) different from all atrazine applied treatments (Table 20).

The interaction of soil type and atrazine application rate significantly (P< 0.05) affected
the three soils (Figure 30, 31 & 32). An increase in the application rate by 0.3 mg/l
resulted in the highest number of days to emergence being on the Sandy soil compared
to the three soils (Figure 30).The control resulted in differences being insignificant for
only Sandy and Clay loam soil compared to Sandy loam soil. However, residues of
atrazine reduced the number of days to emergence for Sandy soil followed by Clay
loam soil (Figure 30 & 31).
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Figure 30: Residual effect of atrazine on days to emergence of seed potatoes on Sandy

soil. *Means with the same letter are not significantly different at P< 0.05
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Figure 31: Residual effect of atrazine on days to emergence of seed potatoes on Clay

loam soil. *Means with the same letter are not significantly different at P< 0.05
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Figure 32: Residual effect of atrazine on days to emergence of seed potatoes on Sandy

loam soil. *Means with the same letter are not significantly different at P< 0.05
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4.11 Residual effect of atrazine on the number of seedlings emerged for Sandy,
Clay loam and Sandy loam soil of 2nd planting

This study found atrazine application not significantly (P< 0.05) affecting potato fresh
weight in the three soils.

Table 12: The effect of soil type and atrazine application rate on the mean number of
seedlings emerging

Atrazine (mg/l) Number of seedlings emerged
Soil Type

Sandy soil 3.17 a
Clay loam soil 3.17 a
Sandy loam soil 3.50 a
Least Significance Ns
Atrazine application rate

Control 3.11a
0.1 3.56 a
0.2 3.56 a
0.3 289 a
Least Significance Ns
Interaction

Soil X Atrazine *

*Means with the same letter are not significantly different at P< 0.05

Soils had a statistically (P< 0.05) insignificant effect on the number of seedlings
emerging (Table 22). Potato fresh weight was similar in the three soils (Table 22). The
atrazine application rate was statistically (P< 0.05) insignificant to the number of
seedlings emerging(Table 22). The control was significantly (P< 0.05) similar to all

atrazine applied treatments (Table 22).

The interaction of soil type and application rate was significant (P< 0.05) (Figure 23, 24
& 35). An increase in the application rate of 0.3 mg/l resulted in the lowest mean
number of seedlings emerging on Sandy soil except for the Sandy loam soil which
resulted in the highest. Decreasing atrazine by 0.1 mg/l and 0.2 mg/Iresulted in the
highest number of seedlings emerging for Sandy and Clay loam soil respectively.

Therefore, Sandy and Clay loam soils resulted in the lowest number of seedlings
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emerging than Sandy loam soil (T). The residues of atrazine affect the soils except
Sandy loam soil.
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Figure 33: The effect of atrazine on the number of seedlings emerging on Sandy soil.

*Means with the same letter are not significantly different at P< 05
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Figure 34: The effect of atrazine on the number of seedlings emerging on Clay loam
soil. *Means with the same letter are not significantly different at P< 05
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Figure 35: The effect of atrazine on the number of seedlings emerging on Sandy loam

soil. *Means with the same letter are not significantly different at P< 05
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CHAPTER 5: GENERAL DISCUSSION
5.1 Effect of atrazine on potato growth parameters

The results of the present study indicated that a relationship exists between atrazine
application in the three soils and on potato growth. The Clay loam soil had earlier
germination compared to the Sandy and Sandy loam soils. The number of days to
emergence was delayed to 11 when the herbicide increased to 0.2 mg/l atrazine. Sandy
loam soil had higher mean number of seedlings emerged than Sandy and Clay loam
soil. The number of seedlings emerged increased to 4 when atrazine increased to 0.3
mg/l. The results are in conformity with Deshi et al. (2019), who reported a significant

effect of atrazine and paraquat on potato establishment count (emergence).

Atrazine affected plant height as it was also confirmed by Deshi et al. (2019), who
reported that atrazine resulted in higher mean plant height than the control. In the
present study, increasing atrazine application rate by 0.3 mg/l increased potato height
by 52 cm. Plant height increased with an increase in application rate. This variation may
be due to the characteristics of the different soils and atrazine degradation that might
have occurred at different application rates (Fayinminnu et al., 2017). Potato height was
higher on Sandy and Sandy loam soil than on Clay loam soil. The results are
consistence with the findings by Kumar et al. (2017), who also recorded maximum plant
height in weed free followed by the treatment with atrazine at 250 g/ha applied as pre-

emergence.

Sandy loam soil produced the highest number of potato leaves than Sandy and Clay
loam soils. A report by Carneiro et al. (2019), revealed that atrazine residues between
0.20 and 0.30 mg/kg caused extensive leaf chlorosis on all species except potatoes but
between 0.30 and 0.40 mg/kg caused chlorotic injury to potato foliage. Atrazine had no
effect on potato fresh weight. Sandy loam soil produced the highest dry potato above
ground biomass than Sandy and Clay loam soil, and this was also observed when

atrazine application rate was increased to 0.3 mg/I.
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Atrazine reduced fresh tuber weight for all atrazine applied treatments compared to the
control. Sandy soil had the lowest potato fresh tuber weight with a reduction in atrazine
application rate. The results are in conformity with Boydston et al. (2008), who reported
that tuber weight was reduced by the highest rate of atrazine alone at 1.1 kg/ha as they

have increased atrazine rate from 0.3 to 1.1 kg/ha.

No significant effect was observed on dry tuber weight of potatoes. Atrazine may not
cause an effect on potatoes considering soil microflora population and soil physical and
chemical properties. Bera & Ghosh (2014), that herbicidal treatments did not show any
long run adverse effect on the field soil of the experimental field of potato and was safe
in comparison to untreated control. Reis et al. (2018), recorded that potato tuber yield
was not affected by atrazine in the soil and when applied alone did not reduce yield nor

promote cracks in tubers.

Tuber number was higher on Sandy loam soil than on Sandy and Clay loam soil. The
number of potato tubers was increased to 3.67 on Sandy loam soil when atrazine
application rate was increased to 0.3 mg/l. Results are in conformity with Kebede et al.
(2016), who reported an increase in the number of marketable tubers per plant with an
increases in herbicide application rates of isoproturon, smetolachlor and atrazine. Rana
et al. (2005), also reported that plants in atrazine treated plots produced more number

of tubers per plants.

5.2 Residual effect of atrazine on potato emergence

Increasing atrazine application rate, increased days to emergence of seed potatoes.
Atrazine residues affected the number of days for Sandy soil. Clay loam and Sandy
loam soils had higher mean number of days to emergence of seed potatoes than Sandy
soil. The interaction was insignificant (P< 0.05) with both soils resulting in similar control
mean and having the highest number of seeds emerging on applying 0.1, 0.2 and 0.3
mg/l atrazine for Sandy, Clay loam and Sandy loam soils respectively, compared to the

control.
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5.3 Summary

It has been proved that soil type and application rate played a major role in the effect of
atrazine on potatoes. Sandy loam soil was the highest on the growth of potato
parameters than Sandy and Clay loam soils. This may be due to the soil physical and
chemical properties that plays a major role in the activity of herbicides because soil
decompose organic wastes and detoxify certain hazardous compounds in the soil
(Antonious et al., 2001). These compounds in the soil could be leached down and if
immobile, would persist on the top soil then accumulate to toxic levels in the soil and
become harmful to the plants (Bera & Ghosh, 2014). Sandy loam soil increased plant
height, number of leaves, dry weight and tuber number than Sandy and Clay loam soils

whereas Sandy soil reduced fresh tuber weight.

The effect of atrazine to potato growth parameters varied from one soil to another. The
cation exchange capacity of the soil from Sandy loam soil was the highest (7. 356
cmol(+)kg™), and this property probably contributed to the effect of atrazine on potato
parameters combined with a of pH 6.49. This is because atrazine degradation is faster
in soils with a pH of 6.5 than with soils with a pH of 6.0 due to the bioavailability of the
herbicide to soil microbes (Shaner & Henry, 2007). A research by Frank et al. (1983),
reported that crops such as Alfalfa, barley, oats, soybeans and tomatoes died when
added atrazine levels reached 0.20 mg/kg in the sandy loam and loam soils, but were

little affected on the organic loam soil.

The results proved that atrazine application rate played a major role. Increasing atrazine
application rate resulted in an increase in potato growth parameters and a reduction in
application rate reduced growth of potato parameters. It has been found that an
increase in atrazine application rate to 0.3 mg/l increased growth especially on Sandy
loam soil and a reduction in potato fresh tuber weight occurred with a reduction in
atrazine application rate on Sandy soil. Herbicides such as atrazine may cause visible
injury to the crop, although visible crop injury may not be apparent, persistent herbicides
may result in reduced growth and this can happen even in conditions of low herbicide

concentrations in soil (Carneiro et al., 2019). Atrazine applied on sandy loam soil
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showed visible injury on cereals, legumes, solanaceous crops, cucumbers and grasses
grown on soils containing 0.10-0.30 mg/kg l-atrazine and only potatoes showed no

injury at these levels but were also injured above 0.30 mg/kg (Frank et al, 1983).

The residual effect of atrazine on the number of days to emergence of potatoes was
delayed on Clay loam soils and no significant effect on the number of seedlings
emerged. This means that the residual effect of atrazine did not have an effect on the
number of seedlings emerged although the number of days to emergence was delayed

on Clay loam soil.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions and Recommendations

Results confirm that response of potato growth and emergence was based on the
nature of soil. The growth performance and emergence of potato seeds varied from soil
to soil. It can be concluded that Sandy loam soil was the highest in the growth
performance of potatoes than Sandy and Clay loam soil. When atrazine is used and
potatoes are planted in rotation on Sandy loam soil, there might be less effect to the

crop than when planted on Sandy and Clay loam soil.

Atrazine residues was found to delay emergence of potatoes on Clay loam soil. The
findings in this study provided important information for producers who grow potatoes in
rotation on soils where atrazine had been used and for future research work. It is
recommended that producers should use the appropriate concentrations of the
herbicides to avoid any effect of herbicides because emergence was delayed as
application rate was increased. Furthermore, studies regarding the interaction between
atrazine and soil types especially Clay loam and Sandy soils are also recommended for
future research work because an injury may occur a year following atrazine when Sandy

and Clay loam soils are used in crop rotation of potato production.
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