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ABSTRACT

The present study was carried out to study the mobility and persistence of the pesticides-
carbendazim and paraquat in soil (half-life 1-13 years) for the wheat crop along with their
translocation from soil into the wheat grains as no field studies are available for these
pesticides. The experiments for the two crop seasons (2018-19 and 2019-20) were conducted
at the plot scale in the agricultural fields Pusa, Delhi, India. The soil texture was classified as
sandy loam. Paraquat dichloride 24% SL (herbicide) and carbendazim 50 wp (fungicide) were
applied at the recommended doses on five fields; four fields were kept under different irrigation
treatments and the fifth field was held at the rain-fed condition. Carbendazim and paraquat in
soil and in the wheat grains were analyzed using HPLC. The Spatio-temporal variation of the
soil moisture contents and pesticide’s residue in soil in the each of the five fields were
determined for both the seasons.

Carbendazim was found either to be degraded or in traces in the soil at the harvest time of the
wheat crop seasons. Also, no traces of carbendazim residue in the wheat grains were found in
any of the fields for both the seasons. Therefore, carbendazim was not found to be
contaminating the soil and the wheat grains and was not considered in the numerical simulation
and regulation studies.

Paraquat was found in the background concentration before its application in all the five fields
and at all the four soil depths (0-15 cm, 15-30 cm, 30-45 cm, 45-60 cm) in both the seasons.
After paraquat application, it was found to be persistent in the top 15 cm soil layer with almost
no mobility beyond 15 cm soil depth in all the five fields and in both the crop seasons
irrespective of the irrigation treatments. The final concentration of paraquat at the harvest time
was found to be more than its initial concentration in the top 15 cm soil depth in all the five

fields for both the seasons leading to soil pollution.



The moisture flow and transport of paraquat was also simulated using numerical model,
HYDRUS-1D to find out the sustainable doses of paraquat to avoid the soil contamination. The
moisture flow model was validated using the field moisture data for all the fields and for both
the seasons. There was a good agreement as the relative Root Square Mean Errors (RMSEr)
values for the moisture simulations varied from 0.05 to 0.26 and the model efficiencies varied
from 0.65-0.95. For paraquat transport modeling, the solute transport parameters were first
optimized using inverse modeling with the field data of the Season 1. The temporal variations
of the concentrations of paraquat in the soil were then calibrated with the optimized solute
transport parameters for the Season 1. The RMSEr values for the paraquat transport simulations
varied from 0.015 to 0.167 and the model efficiencies varied from 0.61-0.97, indicating good
concentration simulations. Paraquat transport model was further validated, using the optimized
solute transport parameters of the Seasonl, on the field data of the Season 2. There was a good
agreement, and the RMSEr values for paraquat transport simulations for the Season 2 varied
from 0.012 to 0.139 and the model efficiencies varied from 0.64-0.98. After the model
validation, the numerical model was further used for paraquat regulation strategies under
different scenarios for different irrigation treatments. It was seen that paraquat contaminated
the soil even at the reduced doses as it was found to be persisted in the soil at the end of the
wheat crop seasons under all the simulations.

Paraquat residue in the wheat grains was also found in all the fields and in both the seasons,
ranging between 21.6 to 49.02 mg kg-1 against the maximum residue level of 0.1 mg kg™
From the multiple linear regression analysis, paraquat residue in the wheat grain was not found
to be sensitive to the depth of irrigation water whereas % clay in soil was found to be the
predominant factor. In view of the longer persistence of paraquat in the soil, alarming paraquat
residue in the wheat grains and its associated toxic impact on human health, paraquat use is not

recommended for the wheat crop based on the present study.



Keywords: Pesticide concentration, Soil pollution, Wheat grain contamination, Numerical

modeling, Inverse modeling, Pesticide regulation

Vi






R

A LA NG B B b forg T H PIeAIRIeD]- HIarsTor 3R URTHIC (3T S
1-13 ) B TR IR TEdl o1 Sreqa 3 & e fobar mar o, Iy g gt S g & ot
H 7% RIMTARUT & FTY-HIY 7 BICATD] & 7T Dl & 3 Suced 11 8| & el
HHT (2018-19 3R 2019-20) & oMY TART Y &3 qan, fieeh, wRa ¥ 1@s TUH W
3renford foe T 3| gt #1 9 &I XdTd aiFe & ®0 J aifferd fasar T o1 WRisTe
SRHIRIZS 24% THUA (Bf40TES) 3R Ba-<IoH 50 SwgU (adb-h) Ui &3 R
SRR RIS W A fpu e 3, IR Wdl &I faftrs R IU=R & ded @1 T o7 3R
Uierd W o1 aui-Riferd fRufa & e mam o1 | Tadiuerit o1 IudhT ds firgt iR Ag & ari
A FHIeSToH 3R TRTehTC BT faRayul frar T uTl uig &3 § ¥ udes & e & 7ot wmeht
3R BICATRID & AR Ft RIID- T frerar T Hiem! & fog Reffa o1 g ot
HISSIO Vg Bt I & AIGH Pidbels &b 0 g & a1 ot gare ar e & g o)
1 €Y, S ARt B ot 1t B W g & <l H IS SRy BT dis =i el ur
7| 39fe, HIeSToE @ g 3R g & aFl &I giod gl Uil T SR WRATHS
3R 3R fafaua sreoam # 39 IR foaR &Y favan |

RTeTe Tt Uia &3 § 39 3fTde- 9 Ugd YSYH &1 Tisdl & UTan 747 o7 3R g At
o Tt IR St P TR (0-15 T, 15-30 JHY, 30-45 I, 45-60 THY) T U AT AT
WRIFTC & YA & 918, T8 Y 15 It fird) o) R & R uran man, fors a@aft ot &=t o
15 T ST 1 TERTE A R IR BIS Maiterdl Toi &t 3R &l e Jrgd! | Riars
SUIR & JTaNIG | AW HeTs & JHY Wi I 3ifad Figdl e A & fae a4t uim
&3 § 2 15 I fr) Bt TeRIE § 3ue) URfe e @ 3t urg S, R e

UgUUI g3T|

vii



RI&HC $I T vaTg iR Rag &) SIS Hisd, Taasal3RYUY -1 S BT SUAN B
ot SrIHRUT fopar T o7 arfee RIS & TguoT & s & forg tRTehe &1 R JR1% &7 Idl
TN S | T UaTg Hisd bl Gt & SR a1 HrgHl & forg & et ST 1 Sud
HRoh [ Topar a1 1| 7 R & forg 9mder F¢ WhiR 1H TR (SRTATIRSR)
| 0.05 ¥ 0.26 T 7 A 3R HISH & 0.65-0.95 T it ot | WRrebe ufkag ArsfeiT &
ferg, facra uftag Aucst & ugar dioM | & & ST & 1Y b ST BT JUINT
TR SIpierd far T uT| fig) B tRiehe @1 Gigdr & ) Rfdedrsit &) a9 o 1 &
forg s ferd facia uftag ATuds! & ary Ffersie foar mar url RieTe uikag- Rgase
& o SIRUATHL SR A1 0.015 § 0.167 T U U SR TTST &1 0.61-0.97 3 iz off, <t
31T UHTHAT R BT Habd Galt & | IRTIC CRIUIC Hisd Pl HieH 1 & Srpierd faca
URTEH HTUES! BT START PP Tier 2 P Bies scl IR R 3w A= o a1 1| T
35T THAT T, 3R io 2 & fore WRevTe uRas RIgaR™ & it SRTATHS 3R A

0.012 ¥ 0.139 T T & 3R ATSA &HdT 0.64-0.98 T fod oft| Al IAUA & &I,

I-ATHG Aled &1 IuaNT Aty RiarE Iuari & U sia-sreuResdl & ded ORIée

fafom Yomifa & fore fopa e | T @ 6 RIhe A HH e W gt 3l
giva o= fear e gz 9t RgeRM & d8d 71g & B & HIGH & 3fd § gt § o1
ST UTa T T

g & g H IR o=y 1w Wl # SR a1 ArgEl H ure e, S o. 1 frem feaiom
-1 o HIYHAY RN TR b GDHIad 21.6 T 49.02 T foeiurd ! & st 8| ThTidD
ME® gfam faxeivor 9, 38 & gF & WRieve 3@y RiAR & U &f TR & Ui
aeRITd el ar T T S§te gt o, e v eRe urs s A gt 3 IRée @t
el T, 18 & ol H @aRTe IRTéhe SR 3R AFd W R 39 Gafed fauread uuma

viii



®I A GU, TAHM ST & YR TR g B B o (04 RTehe SUINT &1 BT Ta!
CARSIGIG






CHAPTER -1
11
1.2
13
14
15
1.6

CHAPTER - 2
2.1
2.2
221
2.2.2
2.3
231
2.3.2
2.4
2.5

CHAPTER -3
3.1
3.2

3.2.1

TABLE OF CONTENT

CERTIFICATE
ACKNOWLEDGEMENTS
ABSTRACT

TABLE OF CONTENT

LIST OF FIGURE

LIST OF TABLE

ACRONYMS AND ABBREVIATIONS
NOTATIONS AND SYMBOLS

INTRODUCTION

General

Soil pollution

Motivation of the study

The objectives of the present study
Scope of the Study

Thesis Organisation

LITERATURE REVIEW
General

Pesticides used in the agricultural sector

Mobility and persistence of pesticides in the soil

Field and laboratory studies on pesticide’s degradation in the soil

Pesticides used for the wheat crop

Health hazards of paraquat and carbendazim

Numerical models

Research gap and need for the present study

METHODOLOGY
General

Study area and field experiment set-up for wheat crop

Determination of the soil physical properties

o o0 A WO DN P

© o ~N N~

10

Persistence, mobility, and translocation of pesticides used for wheat crop 10

16
16
21

23
23
25
29



3.2.2
3.2.3
3.24
3.2.5
3.2.6
3.2.7

3.3

3.4
34.1
3.4.2
3.4.3
3.4.4
3.45
3.4.6
3.4.7
3.4.8
3.4.9

3.5
3.5.1
3.5.2
3.5.3

3.6

3.7

CHAPTER -4
4.1
4.2
421
4.2.2
4221

4.2.3

4.3

Saturated hydraulic conductivity (Ks) 29

Soil moisture retention curve (SMRC) 31
Pesticides, Chemicals, and Instruments 34
Pesticides application 34
Irrigation treatments and soil sample collection 37
Meteorological data 41
Paraquat and carbendazim Extraction and analysis 49
Numerical Modeling 56
Moisture flow in unsaturated soil zone 56
Soil hydraulic parameters 57
Determination of root growth parameters 58

Initial and boundary conditions for moisture flow in Richards equation 61

Solute transport processes 62
Initial and Boundary conditions 65
Inverse modeling and parameter optimisation 66
Space and Time discretization 66
Mass balance analysis of applied pesticides 67
Model validation 67
Linear regression analysis 67
Relative root mean square error (RMSEy) 68
Nash-Sutcliffe modeling efficiency (E) 68
Multiple linear regression analysis 69
Pesticide regulation 69
RESULTS AND DISCUSSION 70
General 70
Temporal variation of the soil moisture content 70
Depth-wise temporal variation of soil moisture content in each field 72
Simulated soil moisture content 76

Estimation of soil hydraulic parameters and comparison with the observed
SMRCs 77
Validation of the simulated soil moisture content with the observed soil
moisture content 81

Validation for recovery of paraquat and carbendazim from soil 94

Xi



43.1
4311
43.1.2
43.1.3
43.1.4
43.1.5

4.3.2
4321
43.2.2

4.4

441

442
4421

443

CHAPTER -5
5.1
5.2

521

5.2.2

5.3
5.4

Mobility and persistence of paraquat in soil under natural field conditions 94

Paraquat mass balance
Observed paraquat residue in soil profile
Vertical distribution of paraquat in the soil profile

Solute transport parameter optimisation using inverse modeling

Paraquat regulation

Mobility and persistence of carbendazim in soil under field conditions

Carbendazim mass balance

Observed carbendazim residue in the soil profile
Translocation of pesticides from soil into wheat grains
Validation for recovery of pesticides from wheat flour
Paraquat and carbendzim residue analysis for wheat grains
Results of multiple linear regression analysis

Paraquat residue analysis in market samples

SUMMARY AND CONCLUSIONS
Summary
Conclusions

Major contributions of the present study

94

96
103
110
135
144
144
144
158
158
158
162
163

165
165
166
169

Recommendations based on the study for the policy makers and regulatory

agencies

Limitations of the study

Scope of future work

REFERENCES

PUBLICATIONS FROM THE THESIS
BRIEF BIODATA OF THE AUTHOR

169
169
170
171
186
187

xii






LIST OF FIGURE

Figure 3.1 Flowchart of the methodology adopted in this study 24
Figure 3.2 Study Site: (a) Location Map (b) Field experimental setup for the wheat crop 28
Figure 3.3 Pressure Plate apparatus and soil samples on porous ceramic plates 32
Figure 3.4 Soil moisture retention curves for the plot P1, P2, P3, P4, and P5: 33

Figure 3.5 Daily Variation of Meteorological data for Season 1 (Dec 2018 — April 2019): (a)
Daily Average Solar Radiation, (b) Daily Maximum and Minimum air temperature,
(c) Daily Relative Humidity, (d) Daily average wind speed, (e) Daily rainfall. 45

Figure 3.6 Daily Variation of Meteorological data for Season 2(Dec 2019 — April 2020): (a)
Daily Average Solar Radiation, (b) Daily Maximum and Minimum air temperature,

(c) Daily Relative Humidity, (d) Daily average wind speed, (e) Daily rainfall. 48

Figure 3.7 Calibration Curves for carbendazim (a) Sample Concentration between 50-0.01
PPM, (b) Sample Concentration between 50- 1 PPM, (c) Sample Concentration
between 1 - 0.01 PPM 51

Figure 3.8 Calibration Curves for paraquat (a) Sample Concentration between 100-0.1 PPM,
(b) Sample Concentration between 100- 2 PPM, (c) Sample Concentration between
2-0.1PPM 52

Figure 3.9 Carbendazim peaks obtained from HPLC for the soil samples at (a) 15 cm and (b)
30 cm soil depth 54

Figure 3.10 Paraquat peaks obtained from HPLC for the soil samples at (a) 15 cm and (b) 30
cm soil depth 55

Figure 4.1 Temporal variation of the average moisture content in five fields at different

irrigation treatments 71

Figure 4.2 Depth-wise temporal variation of the average moisture content in five fields at

different irrigation treatments for Season 1 74

Figure 4.3 Depth-wise temporal variation of the average moisture content in five fields at

different irrigation treatments for Season 2 76

Xiii



Figure 4.4 SMRCs for the field P1: Estimated using three parameter approach and measured

78

Figure 4.5 SMRCs for the field P2: Estimated using three parameter approach and measured

78

Figure 4.6 SMRCs for the field P3: Estimated using three parameter approach and measured

79

Figure 4.7 SMRCs for the field P4: Estimated using three parameter approach and measured

79

Figure 4.8 SMRCs for the field P5: Estimated using three parameter approach and measured

Figure 4.9 Depth-wise scatter plot of measured and numerically simulated soil
contents in the field P1 during Season 1

Figure 4.10 Depth-wise scatter plot of measured and numerically simulated soil

contents in the field P2 during Season 1

Figure 4.11 Depth-wise scatter plot of measured and numerically simulated soil
contents in the field P3 during Season 1

Figure 4.12 Depth-wise scatter plot of measured and numerically simulated soil

contents in the field P4 during Season 1

Figure 4.13 Depth-wise scatter plot of measured and numerically simulated soil
contents in the field P5 during Season 1

Figure 4.14 Depth-wise scatter plot of measured and numerically simulated soil

contents in the field P1 during Season 2

Figure 4.15 Depth-wise scatter plot of measured and numerically simulated soil
contents in the field P2 during Season 2

Figure 4.16 Depth-wise scatter plot of measured and numerically simulated soil

contents in the field P3 during Season 2

Figure 4.17 Depth-wise scatter plot of measured and numerically simulated soil
contents in the field P4 during Season 2

80

moisture
83

moisture
84

moisture
85

moisture
86

moisture
87

moisture
88

moisture
89

moisture
90

moisture
91

Xiv



Figure 4.18 Depth-wise scatter plot of measured and numerically simulated soil moisture

contents in the field P5 during Season 2 92

Figure 4.19 Depth-wise temporal variation of paraquat in the soil for the field P1 during Season
1 and Season 2 98

Figure 4.20 Depth-wise temporal variation of paraquat in the soil for the field P2 during Season
1 and Season 2 99

Figure 4.21 Depth-wise temporal variation of paraquat in the soil for the field P2 during Season
1 and Season 2 100

Figure 4.22 Depth-wise temporal variation of paraquat in the soil for the field P4 during Season
1 and Season 2 101

Figure 4.23 Depth-wise temporal variation of paraquat in the soil for the field P5 during Season
1 and Season 2. 102

Figure 4.24 Temporal variation of paraquat concentration along the 60 cm soil depth for Season
1 106

Figure 4.25 Temporal variation of paraquat concentration along the 60 cm soil depth for Season
2 109

Figure 4.26 Depth-wise temporal variation of measured and simulated concentration of

paraquat in the field P1 during Season 1 112

Figure 4.27 Depth-wise temporal variation of measured and simulated concentrations of
paraquat in the field P2 during Season 1 113

Figure 4.28 Depth-wise temporal variation of paraquat measured and simulated concentrations

of paraquat in the field P3 during Season 1 114

Figure 4.29 Depth-wise temporal variation of measured and simulated concentrations of
paraquat in the field P4 during Season 1 115

Figure 4.30 Depth-wise temporal variation of measured and simulated concentrations of

paraquat in the field P5 during Season 1 116

Figure 4.31 Depth-wise scatter plots of measured and numerically simulated paraquat
concentration in the field P1 during Season 1 118

XV



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

4.32 Depth-wise scatter plots of measured and

concentration in the field P2 during Season 1

4.33 Depth-wise scatter plots of measured and
concentration in the field P3 during Season 1

4.34 Depth-wise scatter plots of measured and

concentration in the field P4 during Season 1

4.35 Depth-wise scatter plots of measured and
concentration in the field P5 during Season 1

4.36 Depth-wise temporal variation of measured

paraquat in the field P1 during Season 2

4.37 Depth-wise temporal variation of measured
paraquat in the field P2 during Season 2

4.38 Depth-wise temporal variation of measured

paraquat in the field P3 during Season 2

4.39 Depth-wise temporal variation of measured
paraquat in the field P4 during Season 2

4.40 Depth-wise temporal variation of measured

paraquat in the field P5 during Season 2

4.41 Depth-wise scatter plots of measured and
concentration in the field P1 during Season 2

4.42 Depth-wise scatter plots of measured and

concentration in the field P2 during Season 2

4.43 Depth-wise scatter plots of measured and

concentration in the field P3 during Season 2

4.44 Depth-wise scatter plots of measured and

concentration in the field P4 during Season 2

4.45 Depth-wise scatter plots of measured and

concentration in the field P5 during Season 2

numerically simulated paraquat
119

numerically simulated paraquat
120

numerically simulated paraquat
121

numerically simulated paraquat
122

and simulated concentrations of
124

and simulated concentrations of
125

and simulated concentrations of
126

and simulated concentrations of
127

and simulated concentrations of
128

numerically simulated paraquat
130

numerically simulated paraquat
131

numerically simulated paraquat
132

numerically simulated paraquat
133

numerically simulated paraquat
134

XVi



Figure 4.46 Scenario 1: Paraquat application at the recommended doses and no paraquat

application (only background concentration) 139

Figure 4.47 Scenario 2: Paraquat application at the recommended dose, half of the
recommended dose and quarter of the recommended dose considering zero

background concentration 142

Figure 4.48 Depth-wise temporal variation of carbendazim concentration in the soil for the
fields kept at different irrigation treatments (a) P1, (b) P2, (c) P3, (d) P4 and (e) P5
for Season 1 150

Figure 4.49 Depth-wise temporal variation of carbendazim concentration in the soil for the
fields kept at different irrigation treatments (a) P1, (b) P2, (c) P3, (d) P4 and (e) P5
for Season 2 153

Figure 4.50 Carbendazim concentration in fields (P1, P2, P3, P4 and P5) kept at different
irrigation treatments for Season 1 at depths (a) 15 cm, (b) 30 cm, (c) 45 cm and (d)
60 cm 155

Figure 4.51 Carbendazim concentration in fields (P1, P2, P3, P4 and P5) kept at different
irrigation treatments for Season 2 at depths (a) 15 cm, (b) 30 cm, (c) 45 cm and (d)
60 cm 157

xXvii






LIST OF TABLE
Table 2.1 Studies on pesticides used for wheat crop 13

Table 2.2 Pesticides used for the wheat crop, half-lives in soil, and residue in wheat grains 15

Table 2.3 Conceptual and numerical models used to study the pesticides in soil 20
Table 3.1 Soil physical properties 30
Table 3.2 Moisture content in the soil profile at field capacity and wilting point 33
Table 3.3 Physicochemical properties of paraquat and carbendazim 35
Table 3.4 Pesticide application details 36

Table 3.5 Irrigation treatments in five fields along with rainfall for Season 1 (2018-19) 39
Table 3.6 Irrigation treatments in five fields along with rainfall for Season 2 (2019-20) 40
Table 3.7 Monthly average of the meteorological data during the study period 41

Table 3.8 Wheat crop parameters for the sink term in Richards equation (Garg & Gupta, 2015)

61
Table 4.1 Lower and Upper limits on soil hydraulic parameters 77
Table 4.2 Soil hydraulic parameters using 3 parameter optimisation approach 81

Table 4.3 RMSEr value and Model efficiency for moisture content for Season 1 and
Season2 93

Table 4.4 Initial and final paraquat concentration in the soil in the beginning and at the harvest
time 95

Table 4.5 Lower and Upper limits of solute transport parameters (Radcliffe & Simunek, 2018)
110

Table 4.6 Optimised solute transport parameters for paraquat 111

Xviii



Table 4.7 RMSEr value and Model efficiency for paraquat transport simulation in Season 1
117

Table 4.8 RMSEr value and Model efficiency for paraquat transport simulation in Season 2

129
Table 4.9 Pesticides residue and the related parameters 161
Table 4.10 Results of multiple linear regression analysis 163

XiX



ACRONYMS AND ABBREVIATIONS

Symbol Expansion

a.l. Active ingredient

ASMC Available soil moisture content

DAP Diammonium Phosphate

Delta Total depth of water applied

HPLC High Performance Liquid Chromatography
IPS Initial Pesticide residue

LAI Leaf area index

MAD Maximum allowable depletion of the ASMC
MOP Muriate of Potash

MSE Mean Square Error

oM Organic Matter

P1 Field maintained at 25% of MAD

P2 Field maintained at 50% of MAD

P3 Field maintained at 75% of MAD

P4 Fully irrigated field

P5 Rain-fed field

PM Penman Monteith

RMSEr Relative Root Mean Square Error

S1 Season 1

S2 Season 2

SL Soluble Liquid

SMRC Soil moisture retention curves

USDA United States Department of Agriculture
WHO World Health Organisation

WP Wettable Powder

XX






Symbols
Ct

ha
hp and hc
hs
IE

NOTATIONS AND SYMBOLS

Description

Total pesticide concentration

Soil depth

Nash Sutcliffe efficiency

Reference evapotranspiration

Soil heat flux

Soil water matric potential

Pressure head at permanent wilting point
Anaerobiosis point

Pressure heads between which normal water uptake exist
Maximum pressure head

Irrigation efficiency

Rooting depth

Curve fitting parameters

number data points

Maximum number of temporal observation

No. of observational points in the vertical direction at a particular t

Growth rate of root lengths
Coefficient of determination
Relative root mean error

Root water extraction

Maximum root water extraction rate
Mean daily air temperature

Time

Wind velocity

Pore water velocity

Curve fitting parameters

Dimensionless water stress reduction function

Unit
mg cm™

cm

mm day!
MJ m2day?
Bar, cm

cm

cm

cm

cm

cm

day

cm?® cm-2 day?
cm?® cm day?
°C

Day
ms?

cm day?
cm?

XXi



Dy,
De
Di
D
In
Ja
Jd
Is

Ka
Ks
MSE
Mi
NSi

ci*
Cs

Cw

es°
fr

lo

Im
WMAD

wf

Volumetric moisture content
Hydrodynamic dispersion coefficient
effective dispersion coefficient

Diffusion coefficient in soil

Diffusion coefficient in free water
Hydrodynamic dispersive flux

Advective or convective flux

Diffusive flux

Total solute flux

Unsaturated hydraulic conductivity
Distribution coefficient

Saturated hydraulic conductivity

Mean square error

measured data (moisture, pesticide concentration)
numerically simulated data (moisture, pesticide concentration)
Net radiation at the crop surface

Sink term for pesticide

Potential transpiration rate

Initial pesticide concentration

Model predicted concentration

Pesticide concentration observed in the field
Pesticide’s concentration in the soil
Pesticide’s concentration in the water
Average diurnal ambient vapour pressure
Mean saturated vapour pressure

Root growth parameters

Initial root depth

Maximum rooting depth

Volumetric moisture content at MAD

Volumetric moisture content at field capacity

%, Vviv

cm? day?
cm? day!
cm? day?
cm? day™?

cm day!

cm day!

cm day?

cm day?

cm day?
cm®mg?

cm day?

[mg cm3)?
cm®cm® mg cm?®
cm®cm® mg cm3
MJ m2day?
mg cm day!
cm day?!

mg cm®

mg cm

mg cm®

mg mg*

mg cm™

kPa

kPa

cm

cm

%

%
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Wi
Ww
a2

b1

14
Oinitial
Or

0s

Pb
pd

Weighting function
Volumetric moisture content at wilting point
Extinction coefficient of radiation

Normalized depth of moisture uptake that depends on the root
distribution function
Psychrometric constant

Initial moisture content

Residual moisture content

Saturated moisture content

Dispersivity

First order decay rate constant for pesticides
Tortuosity factor

Soil bulk density

Particle density

%

cm?

kPa °C*
cm®cm3
cmiem®
cm®cm3
Cm
day

gcm

gcm
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