Persistence of Atrazine in a Humid Tropical Soil
in the Early and Late Cropping Seasons’

ABSTRACT

The persistence of atrazine (6-chloro-N-ethyl-N'-(1-
methlyl ethyl)-1, 3, 5-trinzine-2, 4-dinmine} was monitored
using a tomate (Lycapersicon esculentum Mill) bioassay in
both the early and late cropping seasons of @ humid tropical
environment. A single soil application of afrazine at 3.0 kg
and 6.0 kg a.i/ha in the carly season, and 1.5 kg, 3.0 kg and
6.0 kg s.i./ha in the late season was carried out in the field
at the beginning of each planting season. The amount of
strazine residue in the surface soil after application wos
manitored using three-weck-old tomate seedlings. Results
showed that atrazine applied st the field rate of 3.0 kg
#.i./hn was no longer present at a phytotoxic Ievel at 70 days
alter application, irrespeciive of the season. Doubling the
rate of application to 6.0 kg ai/ha did not increase the
persistence beyond the 76 days after spplication in buth
seasons. The best i€ mulfiple regression equations showed
that an assessment of the number of plants showing visual
sympioms of atrazine injury, the extent of leaf area showing
necrotic lesions and the shoot dry weight of the tomate
scedlings can be used jointly or individually as indices of
phytotoxicity in monitaring afrazine residue in this tropical
soil.

INTRODUCTION

he current increase in thie use of awtazine in
small to large scale maize farms in Nigeria has
generated interest in the study of the persistence
of atrazine in Nigerian soils (1, 6, 12). The persis-
tence of atrazine in soils is important in knowing the
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COMPENDIO

Ia persistencin  de atrazina  (6-cloro-N-etil-N'-(1-
metiletil)-1, 3, S-triazina-2, 4-disming) fue deferminada
medinnte un bivensayo en tomate (Lycopersicon esculentum
MilL), durante las temporadas de cosecha precoz y turdi,
en sucfo o medio himedo tropical. Sc aplicd, en el suelo,
una dosis de atrazina de 3.0 kg y 6.0 kg ia/hs en la
temporada precoz, y de 1.5 kg i.a./ha, 3.0 kg i.a/ha, y 6.0 kg
i.a./ha en la tardin, al inicio de la plantacién. Se midié In
cantidad de residuos de atrazina, en ln supcerficie def suelo
después de In aplicucidn, en plintulas de tomate de tres
semanas. Los resultados demostraron In susencin de
fitotgxicidad, en una proporcide de 3.0 kg ia/ha de
alrazina, setenta dias despuds de Ia aplicacidn, en cualguier
temporada. La tasa duplicadn no aumentd la persistencin
en los selentn dins siguientes, en ambas épocas. Las
ecuaciones de regresion mis adecundas demostraron goe In
valeracitn, distintn o en conjunto, del nimere de plantas
con sintomas visuales, de fa extension de lesiones necréticas
sobre la superflicie de las hojas, y del pese seco de
las pléntulas, pucde utilizarse como fadice de fitoloxicidad,
para estimar los residuos de strazina.

duration of effective weed control and in deciding
what crops. will follow where atrazine has been used
in a previous season.

The persistence of atrazine has been determined in
the humid and sub-humid ccological zones in Nigeria
(1, 6, 12). Thesc studies were restricted 1o only onc
of the two seasons of the humid tropical region. The
two cropping scasons are distinguished primarily on
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the basis of the amount and distribution of rainfall
between Januwary and December. It is expected that
atrazine persistence in the two season will depend
primarily on the amount and distribution of rainfall
and its effect on the soil’s physical and chemical
properties.

Herbicide concentration in soils can be determined
by chemical analyses or by bioassay (2). Recently,
the persistence of atrazine in a Nigeria soil was
determined using the spectrophotometric method (1)

However, this method is cumbersome and
expensive, and may not correlate well with plant
response.  Chemical analyses in general only
determine the amount of herbicide present in the soil,
which may or may not be directly available to the
crop. Bioassay techniques have been used extensively
as a rapid, inexpensive method for the quantitative
determination of herbicide residue in soil (2, 3, 5, 9).
Biocassays, unlike chemical analyses, monitor the
actual phytotoxic amounts of herbicide residue
available to sensitive crops.

The objective of this study was to monitor the
persistence of atrazine in a tropical rainforest soil both
in the carly and late cropping scasons using a fomato
bioassay. Itis expected that the bioassay will confinm
results from a previous chemical analysis of atrazine
residue and provide a simple and quick method of
monitoring atrazine residue in the humid tropical field
soil.

MATERIALS AND METHODS

The experiment was conducted at the University
Teaching and Research Farm Obafemi Awolowo
University, Ile-Ife in the early (April-July) and late
(August-November) cropping scasons of 1983. The
weather conditions at the farm (lat. 7° 28’ N, long. 4°
33" E and altitude 244 masl) during the year the
experiment was conducted are presented in Table 1,
and are typical of the pattern in the tropical rain forest
belt of the humid tropics. The experimental field had
been in fallow for the previous fifteen years. Before
the study was laid out the land was cleared, ploughed
twice and harrowed once with a tractor-mounted disc
plough or harrow. The soil was of a Joamy-sand
texture with an organic matter content of 2% C and
pH 6.1, In the carly scason trizl, the experiment was
located on a 25 m x 11 m plet containing three
replicates of 25 m x 3 m each, and with a 1 m strip
separating each replicate. Each replicate was further
divided into 3 plots of 25 m x 1 m each. Two rates
of atrazine, 6.0 kg and 3.0 kg a.i/ha and a control
(0.0 kg a.i/ha) were applicd at random among the
three plots of each replicate. The layout and design
in the late season was similar to the previous one
except for the inclusion of a new rate of 1.5 a.i/ha
atrazine.

In each trial, the weighed atrazine was mixed with
two liters of water and sprayed on the 25 mx 1 m
strips using portable pressurized sprayers previously
calibrated to deliver two liters of spray solution per

25 m?® at a pressure of 2-3 kg/cm?®, The spraying was

Table 1. Weather data at the University Teaching and Research Farm Obafemi Awolowo University (January — December 1983).

Temperature® C
Mean Depth Relative Humidity (%5} Sunshine Total Rainfall Solar radiation

(10.00 h) soil at {10.00 k) {16.00 1) {h) mean {(mm) (rainy days) {watts/m® /d}
Month 10 em
Jan 215 69 396 247 54 4 a0 4 128
Ieb. 24 13 319 63 4 344 64 16 1o 4 576
March %6 6.3 606 273 48 4.5 o 4 0836
Agpril 26.9 9.1 771 48.6 63 108 8 7.0 3867
May 261 6 809 631 56 158 7 120 2559
June 24 1 69 86 4 734 36 198 | 170 3990
July 231 270 87.0 740 435 1699 130 -
Aug. 223 60 779 755 H 427 70 4039
Sept 336 265 B6 U 706 33 174.0 190 33601
Qet 4.9 276 820 623 47 543 80 4107 4
Nov 256 188 740 49 0 68 0o (131} 43592
Dec 4.5 259 714 553 54 353 30 3814
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carried out on April 20, and September 9, 1983 for
the early and late seasons respectively.

Soil samples were collected from a randomly
selected 1 m x 1 m x 7.5 cm section of each 25 m x
1 m herbicide-treated strip, and from the control in
the three replicates, for a total of nine samples in the
early, and 12 samples in the late season trials,
respectively, at each sampling date. Each soil sample
was scooped with a hand trowel to a depth of 7.5 cm,
thoroughly mixed and distributed equally into three
wooden trays each measuring 45 cm x 35 cm x 7.5
cm. In both seasons the first soil sample was
collected immediately after atrazine application, the
next two samples were collected at weekly intervals,
while subsequent samples were collected at two-
weekly intervals.

Bioassay

Tomato (L. esculentum Mill.) seeds were first sown
at a rate of 144 per wooden tray measuring 45 cm x
35 cm x 7.5 cm and filled with steam pasteurized
greenhouse soil. Watering was carried out regularly
every morning for three weeks, a period, determined
by a preliminary test, to be sufficient to produce
suitable tomato seedlings for the bioassay. Tomato
seedlings were subsequently produced for each
bioassay by seeding tomato, three weeks before a set
of soil samples were collected. Seedlings used for
each bioassay were selected among several for
uniformity in vigour, height and number of leaves.
Twenty tomato seedlings were then transplanted into
each tray containing the treated soil sample, for a
total of 60 seedlings distributed in three trays per soil
sample.

Height, number of leaves, number of plants
showing symptoms of atrazine injury and, percentage
leaf area showing necrosis and "burning" effects were
determined two weeks after each transplanting. The
shoot dry weight was also taken at the same time
after oven drying at 80°C for 48 hours. Subsequent
sampling and transplanting were carried out until no
visual symptoms of herbicide injury was observed on
two consecutive sampling periods.

The experiment was a split-plot design with rates
of atrazine as main plots and times after application
as subplots. There were three replicates of each rate
of atrazine and the control, and treatments were

randomized within each block. The data collected
were analysed statistically and means were compared
using the least significant difference (LSD) test at the
5 per cent level of probability (11). Parameters that
showed potential for use in monitoring the
phytotoxicity of atrazine residue in the soil were
further subjected to regression analysis and the best-fit
regression models and curves for the data are
presented.

RESULTS

The response of the most responsive L. esculentum
Mill. parameters evaluated at the different times after
atrazine application in the early and late seasons are
presented in Figs. 1 and 2.
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Fig. 1  Disappearance of atrazine following a pre-emergence
application on a humid tropical soil in early season.

Fig. 1 shows the fitted curves from the best
multiple regression equation of the two visually-
assessed parameters, number of plants affected (NPA)
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and leaf area dead (LAD), and the shoot dry weights
(SDW) on time after atrazine application in the early
season. The number of plants showing visual
symptoms and the leaf area showing necrotic lesions
(dead), decreased generally from the highest (0 d) to
the lowest (70 d) after application when plants on
treated soil were not different from the untreated
contrel. Similarly the shoot dry weight at both levels
of application showed a progressive increase from
time of application to day 70 when treatment effect
had disappeared (Fig. 1). The unstandardized partial
regression coefficients (b-values) and coefficient of
determination (R®) from the multiple regression
equations using the three parameters NPA, LAD, and
SDW in the early scason is shown in Table 2. The
contribution of the cubic equation is very small, and
as such was discarded; variation in the response of the
evaluated parameters is accounted for by the quadratic
equation (Table 2).

Table 2. Unstandardized partial regression  coefficients
{b-values} and coefficient of determination {R?)
from muitiple regression of time after atrazine
application (X) on different tomato bicassay para-
meters in the early season,

Tomato bioassay Rates of
parameder atrazine b-values Rr?
{kg a.i./ha)
Number of plants
injured 3.0 X ~240  Q357*=
X? ~003 080**
6.0 X 2196 054*=
X? 006 Q89+
Leat area dead 3.0 X 046 (Q76%*
X! 001 0.78**
6.0 X 164  044**
X' 004 060%F
Shoot dry weight 30 X G225 072
X* 00l 0 7g4*=
60 X G530 080

X* 001 0BlI*=

** = Significantat P= {01

Also the cocfficients of determination in the
quadratic equation for each parameter were very
significant (at 1% level) and hence the choice of the
quadratic to fit the response curves.

The fited graphs from multiple regression
equations of the parameters evaluated for the late
season trial is shown in Fig. 2. The same parameters

selected for the multiple regression cquations in the
early season were also used in the late season. In
general, the parameters experienced the highest degree
of phytotoxicity at the earlier days after application,
but the phytotoxic effect of atrazine residue decreased
with time until day 70 when treatment effect was no
longer observed.
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Fig. 2  Disappearance of atrazine following a pre-emergence
application on a humid tropical soil in the late
season,

There were differences in the response of the
different rates of atrazine: the lowest rate, showing
the least phytotoxic effect while the highest rate
showed the most (Fig. 2}, Table 3 shows the b-
values and R from the quadratic regression equations.
Again, as observed in the equation obtained from the
early season trial, most of the R? are significant at the
1 per cent level, and most of the observed responses
can be explained by the quadratic equation (Table 3).

DISCUSSION

It could be inferred from the results presented that
atrazine at field rates of 3.0 kg a.i/ha disappeared
from the soil and was no longer present in sufficient
quantities to be phytotoxic to L. esculentum Mill,
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Table 3. Unstandardized  partinl  repression  coefficient
{b-values) and coefficient of determination (R?)
from multiple regression of time after atrazine
application {X) on different tomato bioassay para-
meters in the {ate season.

Tomato bioassay Rate of
parameter atrazine b-values R?
(kg a.i./ha)

Number ol plants
injured | X 419 070w
X' 04 Q83Er

30 X 415 08y

N

X* 002 090*

6.0 X 138 0o068**
X004 087ve
Leal area dead 13 X =201 QeRtF
X002 (u3Es
10 N~ (32 {3
X* 001 075%
60 X 065  0.65"
X 003 0760
Shoot dry weight 15 X 040 038
X* 000 (038NS
30 X -18 0 40%
X? 002 Q4
60 X -035 060

X o001l Q744

# vk Sianiticant at P =005 and 0 0} respectively: N5 = not
sipnificant

seedlings at 70 d afier the initial application,
irrespective of the season. Doubling the rate from 3.0
to 6.0 kg a.i/ba did not increase the persistence
beyond the 70 d when most of the atrazine had
disappeared,

In an earlier study Akinyemiju et al. (1) reported
the short persistence of atrazine in a similar soil.
Using a spectrophotometer they observed that only
about 10 ppm of initial atrazine was detecled in the
soil at 70 d after an application of 3.0 kg. Work done
at the International Institute of Tropical Agriculture
(6) and by Utulu ef ql. (12) also showed that atrazine
at the field rate of 3.0 kg a.i./ba persists for only eight
weeks in two different ecological zones within
Nigeria, and that doubling the rates did not increase
its persistence. Thus the L. esculentum Mill. bioassay
has confirmed the short persistence of atrazine, as
reported earlicr on this soil, and has shown that it
could be used to monitor the actual phototoxic
amount of atrazine residue in the soil. The short
persistence of atrazine (70 d) in this tropical soil and

environment is in contrast to those reported for
temperate zone soils where a field rate of 3.0 kg
a.i/ha atrazine is expected to give a full scason’s
control of between 3 - 12 months (4, 7, 8). The short
persistence in this humid tropical soil, in contrast to
the Jonger persistence in the temperale zone soils, can
be explained by the observation in Slack ef al. (10)
that a warm, moist climate promotes the
disappearance of triazine herbicides from soil and that
persistence is more prolonged in cold, dry climates.

In 1983 when this experiment was conducted, the
distribution of rainfall in the two seasons was similar;
the total amounts of rainfall (468.7 mm in the carly
and 305.3 mm in the late seasons) were different. In
spite of the diffcrences in the amount of rainfall, the
disappearance of atrazine in both season was similar.
In the late scason there were differences in the
disappearance af cach rate of atrazine. The difference
might be due 1o the lower amount of total rainfall
which might have reduced rua-off and leaching losses
thereby allowing the different rates to be differentially
degraded.

The graphs of the regression analyses showed that
any of the three selected tomato biocassay paramelers,
NPA, LAD and SDW, could be used as a single index
of phytotoxicity in monitoring atrazine in soils
because cach of them had a high and significani
coefficient of determination. These parameters are
fairly casy to determine and show relative sensitivity
at different rates of atrazine.
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Este volumen presenta los trabajos especificos y
las recomendaciones de los grapos de trabajo de una
conferencia promovida por el International Rice
Research Institute (IRRI), las Naciones Unidas y
diversas organizaciones técnicas.

Dichos trabajos resumen informacidn muy
actualizada sobre tres idpicos: a) el estado y el
manejo del fosforo en los cultivos principales de Asia
y Qceania: arroz, leguminosas de grano y diversos
cultivos perennes como café, té, cacao, palma aceitera
y otros; b) el uso del fosforo y sus abonos en
difcrentes partes de la regidn; y c) los aspectos
bésicos del comportamiento del fésforo y los factores
de los suelos de la region que influyen en éL

Se presents una amplia discusitn sobre las
diferentes formas de fosforo gue se pueden usar, con
énfasis en aquellas de bajo costo, como las rocas
fosfatadas y sus diferentes formas tratadas. También
s¢ examinan las interacciones entre el fésforo y otros
elementos esenciales, respecto de las condiciones
agricolas de la regién, en medios similares a los de
Latinoamérica.

Este texto, como muchos otros editados por el
IRRI, es unma excelente adicién para todas las
bibliotecas de investigacién y cnsefianza de
agricultura tropical, ya que en é se presenta
informacién muy actualizada y acompaiiada por citas
bibliogzaficas pertinentes.
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