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There is increasing environmental concern on herbicide application in soils due to its 
toxic effect on microorganism and contamination of food chain. Glyphosate (GLY) is 
one of the most widely used herbicide and its commercial formulations cause toxic 
effect to soil microorganism, aquatic habitat and human. Investigation on fates of GLY 
is necessary for predicting its bioavailability and possible risk of environmental 
pollution. Application of organic amendments increased soil sorption ability for 
organic and inorganic pollutants. There is no reported study on the influences of 
organic amendments on fates of GLY in Malaysian soils. The present study 
investigates adsorption-desorption, degradation and leaching of GLY in Munchong 
and Benta soil series amended with cow dung (CD) or rice husk ash (RHA). The 
physico-chemical properties of the soils, CD and RHA were analysed at the beginning 
of the study. The adsorption-desorption study was conducted on the selected 
agricultural waste, control soils, organic matter removed (OM-removed) soils and 
soils incorporated with CD or RHA (10: 1 w/w) using GLY concentrations  ranged 
between 0 and 300 mg L-1. This immediately followed by desorption study which 
employed addition of 0.01M CaCl2 for every decanted adsorbent from adsorption 
study.  The degradation study was carried out using control and soils amended with 
10 ton ha-1 equivalent rate of CD or RHA. All the soils were spiked with GLY, 
maintained at field capacity and GLY degradation was monitored for 65 days. At day’s 
interval, CO2 evolution was determined and on the other hand, extractable GLY 
residues were analyzed. Meanwhile, the enzymes dehydrogenase were assayed at the 
end of the incubation study. Three set of the earlier mentioned treatments each under 
condition of submerged, field capacity and permanent wilting point were monitored 
for 65 days to study soil GLY degradation at three moisture level. The column 
leaching study was performed by applying stimulated rainfall to GLY-spiked columns 
of controls and soils amended with 10 ton ha-1 equivalent rate of CD or RHA at time 
intervals. The leachate were collected from each interval after 24 hours of water 
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application and analysed for GLY. At the end of the experiment, each column was 
divided into three layers, dried and analysed for GLY residues. All GLY residue 
analyses were conducted using high performance liquid chromatography. Results of 
the soils analysis show that, Munchong series had high clay contents and it is acidic 
in nature which was due to high Al saturation and contents of oxide minerals. Benta 
series on the other hand, was sandy in nature and had pH of near neutral. It was low 
in organic matter, C, N and P contents but had high CEC compared to Munchong 
which was due to its presence of mica and smectite. Chemical analysis of CD and 
RHA revealed both to be alkaline and had very low/no heavy metal contents but they 
have high content of Fe and Al. In addition to this, CD contains functional groups of 
amines, phenols, alcohols alkanes and alkenes while only siloxane, alkanes and ethers 
were present in RHA. The BET surface area of CD was lower than that of RHA but 
the former had higher internal surface area and both have relatively similar pore 
volume and radius. The adsorption study showed high percent (> 85%) removal of 
GLY by the adsorbent. The experimental isotherm data generally fitted more to 
Freundlich than Langmuir equation. Hence, the adsorption capacities of the adsorbents 
were in order of CD (Kf =1.168 mg g-1) > RHA (Kf =1.166 mg g-1). Desorption of 
GLY was minimal, indicating it strong adsorption to CD and RHA. Removing natural 
organic matter and application of CD or RHA affect the adsorption capacity of 
Munchong series. The sorption capacities (Kf) of the different adsorbent for GLY were 
in the following order: Munchong (544.879 mg g-1) > Munchong + CD (123.908 mg 
g-1) > Munchong + RHA (95.060 mg g-1) > OM-removed Munchong (21.538 mg g-1) 
> OM-removed Benta (11.572 mg g-1) > Benta + RH (1.574 mg g-1) > Benta + CD 
(1.405 mg g-1) > Benta (1.186 mg g-1). Adsorption of GLY by all adsorbents was 
favourable as indicated by Langmuir separation factor, thus, 0.011 < R ≥ 0.910. The 
percent desorption of GLY from Munchong series ranged between 0.013% and 
2.564% with no desorption from the soils amended with CD or RHA. Meanwhile, 
GLY desorption from different samples of Benta series ranged between 8.10 and 
14.57%. The GLY degradation occurred under natural attenuation but addition of CD 
and RHA stimulate microbial degradation of GLY in Munchong series while their 
addition showed low GLY degradation in Benta. The degradation in both soils 
occurred in two phase; initial rapid phase for the compound in solution and the final 
slow phase for the adsorbed compound. The GLY degradation data was fitted to first 
order exponential decay model. Munchong degradation data fitted more (0.007 < r2 ≥ 
0.993) to this model than Benta (0.371 < r2 ≥ 0.757). There was higher rate of decay 
constant (k) for solution phase (0.0371 < k1 ≥ 0.0688) compared to sorbed phase 
(0.0064 < k2 ≥ 0.0475) from both soils. The half-life of GLY in Munchong from 
control and amended soil was less than 22 days for both solution and sorbed phase 
except for sorbed phase of Munchong amended with RHA which had 108.308 days. 
Similarly, the half-life of GLY in Benta from control and amended soil ranged from 
11.476 – 41.506 days for both solution and sorbed phases. Application of GLY was 
shown to increase microbial respiration in Munchong while the reverse was observed 
in Benta hence suggesting its toxicity in the latter. The TPF concentration from control 
of both soils was higher compared to the treated samples indicating toxicity of GLY 
to soil enzyme dehydrogenase. Glyphosate was shown to rapidly degrade at field 
capacity in Munchong from both control and amended soils. But condition of 
permanent wilting points hasten GLY degradation in Benta soil applied with CD or 
RHA. Application of CD or RHA did not increased (p > 0.05) GLY leaching in both 
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soils. However, more GLY residual concentration was obtained in both leachate from 
the soils amended with these agricultural waste, indicating their influence on 
increasing GLY mobility. The result of post-leaching GLY residue analysis showed 
its high contents at the top layer of both soils hence suggesting its low mobility in 
these soils even with the addition of CD or RHA. The present study therefore 
recommend the application of CD at the rate of 10 t ha-1 for soil GLY remediation 
considering its physico-chemical composition and more  influence on adsorption and 
degradation compared to RHA. In addition to this, field capacity was recommended 
as appropriate soil moisture condition for enhanced GLY degradation. Field trial is 
also recommended to validate the present laboratory result.  
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Terdapat kebimbangan terhadap alam sekitar terhadap penggunaan racun herba di 
tanah akibat kesan toksiknya terhadap mikroorganisma dan pencemaran rantaian 
makanan. Glyphosate (GLY) adalah salah satu racun rumpai yang paling banyak 
digunakan dan formulasi komersilnya boleh menyebabkan kesan toksik kepada 
mikroorganisma tanah, habitat akuatik dan manusia. Kajian tentang nasib GLY adalah 
perlu untuk meramalkan kesediaan bio dan risiko terhadap pencemaran alam sekitar. 
Penggunaan bahan penambahbaik organik meningkatkan keupayaan penjerapan tanah 
terhadap bahan organik dan bukan organik. Tiada lagi kajian yang dilaporkan 
mengenai pengaruh penambahbaik organik terhadap nasib GLY dalam tanah di 
Malaysia. Kajian ini dijalankan untuk mengkaji penjerapan-pelepasan, penguraian dan 
larutlesap GLY pada tanah siri Munchong dan Benta yang ditambahbaik dengan tinja 
lembu (CD) atau abu sekam padi (RHA). Sifat kimia-fizik tanah, CD dan RHA 
dianalisis pada permulaan kajian. Kajian penjerapan-pelepasan dilakukan pada tanah 
siri Munchong dan Benta yang asal, tanah  yang telah dihapuskan bahan organik dan 
tanah yang ditambahbaik dengan CD atau RHA (10: 1 w / w) menggunakan 
konsentrasi GLY antara 0 dan 300 mg L-1. Ini diikuti dengan kajian pelepasan yang 
menggunakan 0.01M CaCl2 yang ditambah untuk setiap penyerap yang telah 
diasingkan cairannya pada kajian penjerapan. Kajian penguraian dilakukan 
menggunakan tanah kawalan dan tanah yang ditambahbaik dengan 10 ton ha-1 CD 
atau RHA. Kesemua tanah itu ditambah dengan GLY, dikekalkan pada kapasiti 
lapangan dan kandungan GLY dipantau selama 65 hari. Pada selang hari yang tertentu, 
evolusi CO2 ditentukan dan residu GLY diekstrak dan dianalisis. Sementara itu, enzim 
dehidrogenase dianalisa pada akhir kajian inkubasi. Tiga set rawatan yang seperti 
dinyatakan terdahulu, dipantau selama 65 hari untuk mengkaji penguraian GLY pada 
tiga tahap kelembapan tanah iaitu keadaan tenggelam air, kapasiti lapangan dan titik 
layu kekal. Tanah kawalan dan tanah yang ditambahbaik dengan CD dan RHA dengan 
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kadar 10 ton ha-1 ditimbang kedalam tiub larutlesap dan dicampur dengan GLY 
kemudian dilarutlesapkan dengan air hujan simulasi dan hasil larutlesap dikumpulkan 
pada setiap selang 24 jam dan dianalisis untuk GLY. Pada akhir eksperimen, setiap 
tiub larutlesap dibahagikan kepada tiga lapisan, dikeringkan dan dianalisis untuk 
residu GLY. Semua analisis residu GLY dijalankan menggunakan kromatografi cecair 
prestasi tinggi (HPLC). Keputusan analisis tanah menunjukkan bahawa, siri 
Munchong mempunyai kandungan lempung yang tinggi dan sifatnya berasid yang 
disebabkan oleh ketepuan dan kandungan mineral oksida yang tinggi. Sebaliknya, Siri 
Benta adalah berpasir dan mempunyai pH hampir neutral. Ia rendah dalam kandungan 
organik, kandungan C, N dan P tetapi mempunyai CEC tinggi berbanding Munchong 
disebabkan oleh kehadiran mika dan smektit. Analisis kimia CD dan RHA 
mendedahkan keduanya adalah alkali dan mempunyai kandungan logam berat yang 
sangat rendah/tiada, tetapi tinggi kandungan Fe dan Al. Di samping itu, CD 
mengandungi kumpulan amina, fenol, alkana alkohol dan alkenea sementara hanya 
siloksan, alkana dan eter yang terdapat dalam RHA. Luas permukaan BET CD lebih 
rendah daripada RHA tetapi mempunyai permukaan dalaman yang lebih tinggi dan 
kedua-duanya mempunyai isipadu dan radius liang yang sama. Kajian penjerapan 
menunjukkan peratus penyingkiran GLY yang tinggi (> 85%) oleh adsorben. Data 
isotherma penjerapan secara umumnya lebih bersesuain dengan isotherma Freundlich 
berbanding Langmuir. Kapasiti penjerapan oleh penjerap adalah CD (Kf = 1.168 mg 
g-1) > RHA (Kf = 1.166 mg g-1).  Pelepasan GLY adalah minimum, menunjukkan 
penjerapan yang kuat oleh CD dan RHA. Mengeluarkan bahan organik semula jadi 
dan aplikasi CD atau RHA memberi kesan terhadap keupayaan penjerapan siri 
Munchong. Kapasiti penyerapan (Kf) penjerap yang berlainan untuk GLY adalah 
seperti berikut: Munchong (544.879 mg g-1)> Munchong + CD (123.908 mg g-1)> 
Munchong + RHA (95.060 mg g-1) > Munchong yang dinyah OM (21.538 mg g-1) > 
Benta dinyah OM (11.572 mg g-1) > Benta + RH (1.574 mg g-1)> Benta + CD (1.405 
mg g-1) > Benta (1.186 mg g-1). Penjerapan GLY oleh semua penjerap adalah baik 
seperti ditunjukkan oleh faktor pemisahan Langmuir, iaitu 0.011 < R ≥ 0.910. 
Peratusan pernjerapan GLY oleh siri Munchong berjulat antara 0.013% dan 2.564%, 
dan tiada pelepasan GLY dari tanah yang dipinda dengan CD atau RHA. Sementara 
itu, penjerapan GLY dari sampel berbeza dalam siri Benta berjulat antara 8.10 dan 
14.57%. Penguraian GLY berlaku secara semulajadi tetapi penambahan CD dan RHA 
merangsang penguraian GLY oleh mikrob dalam siri Munchong sementara 
penambahan mereka memperlihatkan penguraian GLY yang rendah di Benta. 
Penguraian GLY dalam kedua-dua tanah berlaku dalam dua fasa; fasa awal awal bagi 
sebatian dalam larutan dan fasa akhir yang perlahan untuk sebatian yang terjerap. Data 
degradasi GLY padan dengan model pengurain eksponen pertama. Data penguraian 
untuk siri Munchong lebih padan (0.007 < r2 ≥ 0.993) kepada model ini berbanding 
Benta (0.371 < r2 ≥ 0.757). Kadar pemalar penguraian (k) lebih tinggi untuk fasa 
larutan (0.0371 < k1 ≥ 0.0688) berbanding fasa terjerap (0.0064 < k2 ≥ 0.0475) untuk 
kedua-dua tanah. Separuh hayat GLY dalam tanah siri Munchong dan tanahsiti 
Munchong yang telah ditambahbaik adalah kurang daripada 22 hari untuk kedua-dua 
fasa larutan dan fasa terjerap kecuali fasa terjerap untuk tanah Munchong yang 
ditambahbaik dengan RHA di mana separuh hayatnya ialah 108.308 hari. Begitu juga 
separuh hayat GLY dalam tanah siri Benta dan tanah Benta yang ditambahbaik adalah 
dari 11.476 - 41.506 hari untuk kedua-dua fasa larutan dan fasa terjerap. Aplikasi GLY 
meningkatkan pernafasan mikrob di tanah Munchong manakala sebaliknya 



© C
OPYRIG

HT U
PM

 
vi 
 

diperhatikan di tanah Benta, dan ini menunjukkan keracunan GLY di dalamnya. 
Kepekatan TPF dari kedua-dua tanah kawalan adalah lebih tinggi berbanding dengan 
sampel yang dirawat yang menunjukkan ketoksikan GLY kepada enzim 
dehidrogenase tanah. Glifosat mengurai dengan cepat pada kapasiti lapangan di tanah 
Munchong dan tanah Munchong yang ditambahbaik. Tetapi penguraian GLY adalah 
cepat pada titik layu tetap di tanah Benta yang ditambahbaik dengan CD atau RHA. 
Aplikasi CD atau RHA tidak meningkatkan (p> 0.05) larutlesap GLY di kedua-dua 
tanah. Walau bagaimanapun, lebih banyak kepekatan residu GLY diperolehi di kedua-
dua larutresapan dari tanah yang ditambahbaik dengan sisa pertanian.  Ini 
menunjukkan pengaruh mereka terhadap peningkatan pergerakan GLY. Hasil analisis 
residu GLY selepas proses larutlesap menunjukkan kandungannya yang tinggi di 
lapisan atas kedua-dua tanah dengan itu menunjukkan pergerakannya yang rendah di 
tanah ini walaupun dengan penambahan CD atau RHA. Oleh itu, kajian ini 
mengesyorkan penggunaan CD pada kadar 10 t ha-1 untuk merawat GLY dalam tanah 
memandangkan komposisi kimiafiziknya dan ia lebih banyak berpengaruh terhadap 
penjerapan dan penguraian berbanding dengan RHA. Di samping itu, kapasiti 
lapangan disyorkan sebagai keadaan kelembapan tanah yang sesuai untuk 
meningkatkan penguraian GLY. Kajian lapangan juga disyorkan untuk mengesahkan 
keputusan makmal ini.  
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      CHAPTER 1 

1 INTRODUCTION 

1.1  Background of the study  

Modern agriculture of today is associated with mechanization, the use of genetically 
modified crops and animals, chemical fertilizers and pesticides for increased 
productivity. Pesticides are chemicals used in controlling insect, plant disease 
organisms and weeds (Ortiz-hernández et al., 2011) that endangered our food supply. 
They generally alter the biological processes of the pest organism (Damalas, 2009). 
Pesticides are commonly classified based on their chemical composition and the types 
of pathogens they control (Avav and Ayuba, 2006; Ortiz-hernández et al., 2011). 
Herbicides are chemicals used in controlling unwanted plants (weeds) and is achieved 
through their suppression or killing of the weed (Akobundu, 1987). Glyphosate N-
(phosphonomethyl) glycine is a broad-spectrum herbicide and its basic ingredients are 
isopropylamine (IPA) salt, polyethoxylated tallowamine (surfactant) and water.  
(Giesy et al., 2000; Mackay et al., 2006; NPIC, 2014). Its mode of action in plant is 
disruption of shikimic pathway which is essential in the synthesis of aromatic amino 
acids; phenylalamine, tyrosine and tryptophan (Krüger et al., 2013). Plant exposed to 
glyphosate display stunted growth, loss of green coloration, leaves wrinkling and 
tissue death, hence death of plant takes 4-20 days to occur (NPIC, 2014). 

Glyphosate is a foliage applied herbicide but significant amount can reach the soil 
through spray drift, direct surface application, plant roots exudate and decomposition 
of sprayed foliage. The fates and behaviour of glyphosate in soils is controlled by 
properties of soils and environmental factors (Borggaard and Gimsing, 2008; 
Rampazzo et al., 2013) which determines its pollution effect on soil microorganism 
and ground water contamination. Glyphosate undergoes processes of adsorption, 
degradation and leaching in soil. Glyphosate is strongly adsorbed by soil oxide 
minerals and organic matter through its phosphonic acid moiety ( Sprankle et al., 1975; 
Piccolo et al., 1994). This restrict its bioavailability and mobility in soils. However, 
increase in soil pH results in glyphosate deprotonation leading to possession of more 
negative charges and subsequent desorption from soil. Once in soil solution, 
glyphosate will completely be degraded to either aminomethylphosphonic acid 
(AMPA) or sarcosine then lastly to CO2 and NH4

+
. This is achieved  by several species 

of bacteria, fungi and actinomycetes (Kononova and Nesmeyanova, 2002; Romero et 
al., 2004; Abdel-megeed et al., 2013; Arfarita et al., 2013) which is predominantly a 
co-metabolic process as it is not used as C and energy source by soil microorganism 
(Forlani et al., 1999; Singh and Walker, 2006). However there are several species of 
bacteria and fungi identified as degraders of glyphosate in soil which most of them 
use glyphosate as source of C, N and P (Kononova and Nesmeyanova, 2002; Lipok et 
al., 2003; Singh and Walker, 2006). Leaching of glyphosate is negligible due to its 
strong adsorption by soil and complete degradation by microorganisms. Nonetheless, 
a soil with low or no oxides minerals and high hydraulic conductivity is vulnerable to 
glyphosate leaching (Borggaard and Gimsing, 2008). 
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Application of organic materials for enhanced removal of soil pollutants 
(biostimulation) has proven to be an effective technique of remediation due to its lower 
cost, affordability, fewer disturbance of soil and improvements of soil general 
condition through addition of nutrients, increase in sorption capacity of soil, growth 
and function of microorganisms (Briceño et al., 2007; Pal et al., 2010; Kanissery and 
Sims, 2011). These organic amendments also serve as source of micro-organism in 
soil (Sánchez et al., 2004) a primary agent of pesticide degradation. Cow dung (CD) 
is the faeces of bull, cow, heifer and calves which is usually applied to agricultural 
lands as manure. Application of CD to farm lands is an economical and 
environmentally sustainable mechanism for increasing nutrients and soil organic 
matter which will result in increase in crop productivity and soil health. Cow dung 
mainly consists of  cellulose, hemicellulose and lignin, and contains several nutrients 
like N, P, K, basic cations and trace elements essentially for plant and microbial 
growth (Gupta et al., 2016). Cow dung contains different strains of bacteria and fungi 
which makes it useful for degradation of pollutants in soil. There are several report on 
natural ability of CD in decontamination of soil with petroleum hydrocarbons 
(Agamuthu et al., 2013; Obasi et al., 2013; Oladotun and Adekunle, 2014), heavy 
metals removal/stabilisation (Marques et al., 2008; Uwumarongie-Ilori et al., 2012; 
Ngorwe et al., 2014) and remediation of pharmaceutical waste (Randhawa and Kullar, 
2011). Rice husk ash (RHA) is a by-product of burnt rice husk used as a source of 
renewable fuel in the operation of rice driers installed at the mills (Theeba et al., 2012). 
It has granular structure with high mechanical strength, it is insoluble in water and 
chemically stable (Raju and Naidu, 2013). This makes it suitable materials in 
remediation processes especially adsorption of pollutants from wastewater. Rice husk 
ash  has been found to be a good adsorbent of textile dye (Lakshmi et al., 2009), phenol 
(Mahvi et al., 2004), heavy metals (Srivastava et al., 2006, 2007), and glyphosate 
(Herath et al., 2016). It also served as a bulking agent in accelerating composting and 
reduction of N loss (Theeba et al., 2012). 

1.2 Problem statement 

There is rise of environmental concern on increasing glyphosate application due to its 
environmental contamination and toxicity effect. Waste disposal is also an important 
issue of environmental concern. Biochar production from these waste is now receiving 
much attention as a remedy of their deposition. However the energy required in 
pyrolysis can serve as a constraint to its production. The direct incorporation of these 
organic residues as manure has been in practice time immemorial. This helps in soil 
improvement and increased fertility but, their alternative used in soil pollution control 
still remained unexplored. Glyphosate is increasingly applied in Malaysia for weed 
control and this necessitates an investigation on its fates in soils with different 
properties for predicting its potential pollution effect. Considerable studies have been 
reported by the local researchers on the utilization of RHA for adsorptive removal of 
heavy metal however, there is little or no attention paid to CD on that aspect. 
Currently, there is no specific study on the utilization of CD or RHA as amendments 
for glyphosate adsorption, degradation and leaching on Malaysian soils. Hence 
utilization of CD and RHA as amendments for investigating fates of glyphosate in 
Malayasian soils will add knowledge to organic waste utilization and unveils the 
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potential of these agricultural residues as biostimulants. The present study therefore, 
was undertaken to evaluate the potential of CD and RHA for enhanced adsorption of 
glyphosate and its metabolite by soil as well as degradation and leaching of glyphosate 
in selected soils of Peninsular Malaysia. 

1.3 Significance of the study 

In Malaysia, glyphosate is increasingly applied to weedy young oil palm plantation 
(Abdullah, 2002) and to a large number of problematic weeds found in rice paddies, 
other cultivated and non-cultivated area (Mohamad et al., 2011). Glyphosate is a foliar 
applied herbicide, therefore, usually applied using a knap sack sprayer. As a result, 
siginificant amount of glyphosate go into the soils and undergo adsorption-desorption, 
leaching and degradation processes depending on properties and composition of the 
soil. Adsorption-desorption determines bioavailability and mobility of glyphosate in 
soil. On the other hand, microbial degradation of glyphosate helps in controlling it 
toxicity effect while it leaching result in underground water pollution. Soil clay, oxide 
minerals and organic matter significantly increase adsorption of glyphosate in soil 
(Franz et al., 1997; Piccolo et al.,  1994; Piccolo et al., 1995; Sprankle et al., 1975; 
Sprankle et al, 1975b). Therefore, glyphosate desorb in soil containing less percent 
clay, oxide minerals and organic matter. This result in increasing bioavailabilty and 
mobility of glyphosate leading to soil and ground water contamination. Even though, 
glyphosate is completely mineralized by soil microorganisms (Giesy et al., 2000) but 
still pose toxicity effect to them. This is due their possession of a shikimic pathway 
similar to plants and the main action of glyphosate even in plant is disruption of this 
pathway which is essential for the synthesis of essential amino acids required for 
growth (Krüger et al., 2013). Investigating adsorption-desorption, degradation and 
leaching of glyphosate in Malaysian soils therefore, help in predicting its potential 
pollution to soil and underground water. 

1.4 Objectives of the study 

The present study aimed at investigating the fates of glyphosate and 
aminomethylphosphonic acid in Oxisols and Alfisols of Malaysia amended with CD 
or RHA. The specific objectives were;  
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� To study adsorption-desorption of glyphosate and its major metabolite- 
aminomethylphosphonic acid- by CD or RHA and in Munchong and Benta soil 
series in their natural form, added with CD or RHA and after removal of organic 
matter. 

� To evaluate the stimulatory effect of CD or RHA on microbial degradation of 
glyphosate in Munchong and Benta soil series. 

� To examine the influence of three moisture regimes (permanent wilting point, field 
capacity and submerged) on glyphosate degradation in Munchong and Benta soil 
series amended with CD or RHA. 

� To assess the effect of CD or RHA incorporation on leaching of glyphosate in 
Munchong and Benta soil series.  
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