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Cotton Seed Treatment in Lao PDR

Somnuck Thirasack

ABSTRACT

In 1992 and 1993 insecticide, trials were carried out in two locationsin Lao PDR to compare the
effectiveness of four insecticides (imidachloprid, benfuracarb, carbosulfan, furathiocarb) applied in seed
treatment before sowing , and three modes of application of imidachloprid (powder, coating, pelting) inthe
control of early cotton pests. The results showed that such seed treatment could accelerate the plant

emergence and reduced the rate of damping-off.

All the insecticides showed an effect against cotton aphid, leafhopper, whitefly, scale insect and
grasshopper when compared to an untreated check, but variationsin thelevel of efficiency wereregistered
according to the active ingredients and the pests. Overall, imidachloprid was the most effective, with the

longer residual effect.

Key words: cotton, seed treatment, pest, Integrated Pest Management, Lao

INTRODUCTION

In Lao PDR, at the beginning of growing
season, cotton seedlings and young plants are
attacked by several insect pests. Themost important
speciesaretheleafhopper Amrascabiguttulalshida
(Homoptera, Cicadellidae) and the aphid Aphis
gossypii Glover (Homoptera, Aphididag) which
can affect the production (Castella et al., 1993).
Several other species are also observed feeding on
the plants during the vegetative phase of
development, but in most cases the incidences
remainlow andthey arenot of economicimportance.
Among them the most common are the scaleinsect
Ferrisia virgata Cockerell (Homoptera,
Pseudococidae), the whitefly Bemisia tabaci
(Gennadius) (Homoptera, Aleyrodidae), several
unidentified species of thrips (Thysanoptera), and
locusts and grasshoppers (Orthoptera).

A. biguttulaisconsidered asthemain cotton
pest recorded from Southeast Asia (Matthews,

1994). Nymphs and adults injure cotton leaves
through injection of toxic saliva while feeding
inside veins. The first symptom is a yellowish
turning toreddish col oration of themargin of leaves
followed by dryness. Depending on the plant stage,
theinfestation level, and theduration of infestation,
|leafhopper attacks can reduce plant growth, cause
theabortion of thefirst fruiting branch andincrease
shedding of squares and young bolls by affecting
the photosynthesis. In case of early attacks the
vegetative development remains limited and the
plant becomes bush-like due to shortening of the
internodes. Duetolimitationsof favourablecultural
practices, disadvantages of chemical sprays, and
lack of suitablebiological control agents, breeding
resistant cultivars could be the most practical and
cheapest way to control leafhoppers, and therefore
pubescenceisamajor source of resistance (Parnell
et al., 1949; Renou et al., 1998). Nevertheless,
during almost two weeks after germination, before
appearanceof hairiness, cotton plantsaresusceptible
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to leafhopper attacks and can be seriously affected
by thisinsect (Renou et al., 1998).

A. gossypii is a sap-sucking pest widely
distributedintheworld. Thisisavery polyphagous
insect which has been recorded from almost 900
host plants. On cotton, it develops on the lower
surface of the leaves constituting colonies. It is
responsible of two kinds of damage. On the one
hand, the penetration of the stylets in the vegetal
induces characteristic deformation of the leaves
which become crumpled and curl down. On the
other hand, it excretes droplets of honeydew
deposited on open bolls when infestation occurs at
the end of the season. The sugary exudate soilsthe
fibre, producing sticky cotton, and is an organic
substrate used by fungus to grow. Moreover A.
gossypii isavector of avirusdisease, called cotton
blue disease or leaf roll, presented in Lao PDR
(Cauquil and Vaissayre, 1971).

Attacksof these pestsat thebeginning of the
growing season often make it necessary to control
the population in order to avoid an outbreak.
Therefore, in most cases the farmers make one or
two insecticide sprayings with knapsack sprayer
equipped with asinglelance. Theactiveingredient
commonly used is dimethoate implemented at the
rate of almost 300 g ai/ha. Besidesthe fact that this
broad spectrum insecticide is noxiousfor the user,
it is not environmently friendly and , among other
undesirable effects, it eliminates some predators of
the pests (Wilson et al., 1998). One solution to
avoid such a consequence, consists of treating the
seeds with a systemic insecticide before planting
(Graham, 1998).

The objective of this research work was to
evaluate the efficacy of insecticides used for seed
treatment in the control of early cotton pestsin Lao
PDR, and to compare methods used to treat the
seed.

MATERIALSAND METHODS

The trials to study insecticide efficiency

were performed in 1992 during the wet season at
Napok Research Center (sowing date July 27) and
inafarmer’ sfield at Ban Hai (sowing date July 20).
The comparison of modalities of treatment was
carried out in 1993 during the dry season at Napok
Center (sowing date December 2). These two
localities are located in the vicinity of Vientiane
Municipality (102.6°E — 18.0°N), at an altitude of
170 m above sea level, with an annua rainfall of
1400 to 1900 mm.

Toevaluateinsecticidesefficiency, theseeds
were dlightly humidified, and then treated with
powder insecticides in plastic bags. In 1993, this
mode of seed treatment was compared to two other
ones called caoting and pelting. The former
consisted of covering the seedswith athin layer of
clay, and then spraying them with the insecticide
diluted in water. The later consisted of mixing the
slightly humidified seedswith insecticide and then
covering each of them with athin layer of clay.

Randomized CompleteBlock Designwith4
replications at Ban Hai in 1992 and Napok in 1993
and 6 replicationsat Napok in 1992 was employed.
The elementary plot dimension was 54 m2 (3 rows
with 18 mlong) in 1992 and 60 m? (3 rowswith 20
m long) in 1993. Planting materials used were
varieties of GossypiumhirsutumL.: P 288 and KK
| at Napok in 1992 and 1993, respectively, and S
295at BanHai in 1992. Themodalitiesof studiesin
different trials are shown in Table 1. The counting
of plant emergence and insects started 6 days after
sowing. Registered dataaregivenin Table 2. After
recording data on MULTIPLAN software, all
variables have been analysed using STATITCF
software. Sometimesit was necessary to transform
certain variables to improve further parameters of
analysis: indices of normality, absence of residues
and equality of deviation of residues. In this case,
meansmentionedinthetableweretakenintoaccount
of transformation.

It was noted that two contrasts were
employed for thetrialsfrom Napok and Ban Hai in
1992, to complete the interpretations. contrast 1
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Tablel Modalitiesof the different trials carried out at Napok Station and Ban Hai in 1992 and 1993.

Active Types of Doses Napok Ban Hai Napok

Ingredients treatment 1992 1992 1993
No treatment - - X X -
Benfuracarb powder 0.80 % X X -
Carbosulfan powder 0.80 % X X -
Furathiocarb powder 0.80 % X X -
Imidachloprid powder 0.35% X X X
Imidachloprid coating 0.35% - - X
Imidachloprid pelting 0.35% - - X

Table2 Datarecorded according to the localities and the types of observation.

Observations Napok 1992 Ban Hai 1992 Napok 1993
Emergence X X X
Jassids X X X
Aphids X X X
Scale insects X - -
Grasshoppers X - -
Whitefly X - -
Thrips X - -
Damping-off - X -
Production of squares X X -
Production of flowers X X -
Production of bolls - - X
Height X X -
Yield - X X

opposed the check one (no treatment) to different
seed treatments and contrast 2 was to compare the
effect of imidachloprid to carbamates (Table 3).
Thismethod permitted oneto compareonetrestment
(or several) with several other onestaken together.
A contrastisdefined asalinear combination between
the p averages compared: C=X ai Xi whereaisa
coefficient and variesfrom 1to pwith=ai =0. The
coefficients used are mentioned in Table 3. The
level of significance was obtained by comparing
the ratio of the sum of the squares of the standard

deviationsof thecontrastsand theresidual standard
deviation using an F-test (Gouet, 1974).

Table3 Coefficients used to test the contrasts.

Objects Contrast 1 Contrast 2
No treatment +4 0
Imidachloprid -1 +3
Carbosulfan -1 -1
Benfuracarb -1 -1
Furathiocarb -1 -1
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RESULTSAND DICUSSION either at BanHai or at Napok, concerningemergence
(Tables4,5). Inbothlocalities, plant densitieswere

1) Comparison of activeingredients normal and no insecticide phytotoxicity was
1-a) Emergence detected. Nevertheless, at Ban Hal, therate of 50 %

No significant difference were revealed,  of emergence was reached 8.1 days after sowing

Table4 Percentagesof emergenceat different datesafter sowing and dates of 50 % emergence at Ban Hai
in 1992. (DAS = days after sowing).

Objects Emergence of plant (%) Date 50 % emergence
6 DAS 9DAS 12 DAS (DAYS)

No treatment 40.7 41.5 614 9.5
Benfuracarb 41.0 41.2 56.5 9.2
Carbosulfan 40.4 41.5 56.5 8.6
Furathiocarb 40.7 42.9 55.2 9.2
Imidachloprid 42.9 46.1 61.7 8.1
F-test (treatment) 0.23 1.25 1.25 0.72
Sign. Prob. ns ns ns ns
CV (%) 9.9 85 9.4 19.0
Transformation - - arcsinr. (X) -
Contrast 1 sign. pro. ns ns ns ns
Contrast 2 sign. Pro. ns 0.1 0.1 ns

Table5 Percentagesof emergence at different dates after sowing and dates of 50 % emergence at Napok
in 1992. (DAS = days after sowing).

Objects Emergence of plant (%)
6 DAS 9DAS 12 DAS 15DAS 45 DAS

No treatment 75.5 79.3 79.8 77.9 80.3
Benfuracarb 73.7 78.2 78.3 784 82.3
Carbosulfan 79.6 80.1 80.9 80.9 80.0
Furathiocarb 76.3 77.8 77.8 80.4 79.8
Imidachloprid 79.7 81.7 82.3 82.3 80.8
F-test (treatment) 112 0.53 0.74 0.92 0.90
Sign. Prob. ns ns ns ns ns
CV (%) 7.9 6.7 6.5 5.8 31
Transformation - - arcsinr.(x) - -
Contrast 1 sign. pro. ns ns ns ns ns

Contrast 2 sign. Pro. ns ns ns ns ns
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with imidachloprid while this percentage was
obtained in average after 9 days with the other
products, and after 9.5 daysin untreated plots. Even
if no significant difference have been pointed out,
thisresult could originate, at least in part, from the
effect of insecticide. Goddard and Leser (1997)
mentioned that the presenceof systemicinsecticides
tended to increase final stands over the untreated
check, and Stringer and Mitchell (1997) concluded
that withimidachl opridtreated seed, seedling stand
densities were slightly higher than those with
furadan/disulfoton treated seed. Thus, an action of
active ingredient on the emergence of plant and
vigour of seedling could be envisaged.

1-b) Plant growth

Great difference was noted according to
locality. The better growth was registered at Ban
Hai where the plants reached 70 to 80 cm high 60
days after sowing. At Napok after the same period
of time, in spite of the speeding-up of growth from
45 days after sowing, the plantswerenot taller than
25cm (Figures 1, 2). Thisvariation of one placeto
the other, was mostly the conseguences of the
influence of environmental conditions, likerainfall
and soil fertility, or theplant physiol ogy out wasnot
dueto pestsincidence. However thedatatherecorded
at Ban Hai, showed that with imidachloprid there
wasaplant tendency to be higher than when treated
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with other productsaswell aswhen untreated. This
result could beconnectedtothepreviousobservation
concerning the rate of emergence and the plant
vigor. Moreover, Van Duyn et al. (1998) reported
that seedlings emerging from seeds treated with
imidachlopridandadicarbweresignificantly larger
than those from the untreated plants. Stringer and
Mitchell (1997) also mentioned that carbamate
insecticides could result in a physiological effect
manifested by more rapid plant devel opment.

1-c) Effect on damping-off

Cotton seed and plant can be infested with
various disease organisms, fungus and bacteria,
which may causeit to decay in the soil, injure and
kill seedlings, or have harmful effect on the plants.
According to Angladette (1948) in Lao PDR, the
most important disease isthe cotton wilt caused by
Fusarium oxysporum f. vasinfectum Atk. which
can affect theseedlingsafew daysafter emergence.
The penetration of the fungus inside the plant can
occur through wounds produced in the root during
nematode penetration. Although no fungicidewere
used, a difference was noted in Ban Hai between
treated and untreated seeds, 6 days after sowing

(contrast 1, Table6). Evenif nosignificant difference
was noted between the active ingredients (contrast
2, Table 6), the reduction of damping-off was
particularly marked with furathiocarb and
imidachloprid. One explanation could be a
nematicide effect of theinsecticides. Nevertheless,
if such an effect has been reported with aldicarb, it
doesnot occur with furathiocarb andimidachloprid
(Burmester et al., 1997).

1-d) Control of pests

Seed treatment allows control of different
early pests which attack cotton plants at the
beginning of the crop season. Nevertheless, the
results demonstrated that the level of efficiency
depended on the active ingredient used, and on the
insect species(Tables7, 8). Concerning aphids, the
best control was obtained with imidachloprid. The
control level withthethreecarbamateswasgenerally
lower, particularly at Ban Hai in 1992, where the
untreated check was the most affected by this pest
(Table7). Withregardtoleafhopper, all theproducts
had an effect on thisinsect. Nevertheless, the data
recorded at Ban Hai in 1992, showed that the
residual effect with carbamates was shorter than

Table6 Incidences of damping-off at Ban Hai in 1992. (DAS = days after sowing).

Objects Percentages of plants affected by damping-off

6 DAS 9DAS 12 DAS total
No treatment 6.8 b 13 0.0 2.2
Benfuracarb 45 ab 18 0.5 2.0
Carbosulfan 45 ab 1.8 0.3 1.9
Furathiocarb 28a 18 0.5 18
Imidachloprid 30a 20 05 19
F-test (treatment) 7.1 0.1 0.8 14
Sign. Prob. 0.05 ns ns ns
CV (%) 27.9 85.9 147.5 13.7
Transformation - - - log (x+1)
Contrast 1 sign. Pro. 0.01 ns ns 0.05
Contrast 2 sign. Pro. ns ns ns ns




422

that withimidachloprid (Table 7). Theformer gave
asatisfactory protection during the period of almost
two weeks after planting, whereas the insecticide
effect of thelater wasregistered throughout thefirst
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Table7 Infestation by aphid and jassids at Ban Hai in 1992. (DAS = days after sowing).

month of thecrop. Starting from about 45 daysafter
sowing the population of leafhoppers decreased at
Ban Hai, and it was not possible to detect longer
effect of imidachloprid. But, trials carried out in

Objects % leaves with aphids No. jassids/1000 leaves
15DAS 30DAS 15DAS 30 DAS 45 DAS 60 DAS

No treatment 41 220c 6.0c 9.0b 0.9 75
Benfuracarb 29 12.8b 4.2b 9.2b 1.0 105
Carbosulfan 109 129b 40b 79 b 16 12.0
Furathiocarb 4.1 14.0b 42b 82b 24 12.0
Imidachloprid 4.1 81 a 33a 39a 0.9 4.0
F-test (treatment) 19 23.8 81.1 29.9 11 25
Sign. Prob. ns 0.01 0.01 0.01 ns ns
CV (%) 87.0 14.7 6.9 10,9 89.1 474
Transformation arcsin (root (x)) - log (x+1)  log (x+1) -
Contrast 1 sign. Pro. ns 0.01 0.01 0.01 ns ns
Contrast 2 sign. pro. ns 0.01 0.01 0.01 ns 0.01

Means followed by the same letter in the column are not significantly different as determined by DMRT at P>0.05.

Table8 Efficiency of seed treatment against each insect pest / 10 plants at Napok in 1992.

Objects Number of pests/10 plants
Thrips Jassids Aphids Whitefly Scaleinsects Grasshoppers

No treatment 63.5b 20.7b 15.3 11 b 82 b 15 b
Benfuracarb 29.3a 85 a 85 02 a 0.2 a 0.7 ab
Carbosulfan 435 ab 72 a 7.7 0.1 a 0.0 a 1.0 ab
Furathiocarb 48.2 ab 10.2a 52 0.2 a 0.1 a 0.7 ab
Imidachloprid 318 a 6.8 a 4.2 0.0 a 06 a 0.0 a
F-test (treatment) 3.9 7.1 1.2 8.6 3.2 4.3
Sign. Prob. 0.05 0.01 ns 0.01 0.05 0.05
CV (%)39.1 49.4 124.0 109.0 157.1 82.8
Transformation - - log (x+1) log (x+1) log (x+1)
Contrast 1 sign. pro. ns 0.01 0.1 0.01 0.01 0.01
Contrast 2 sign. Pro. ns ns ns ns ns 0.05

Means followed by the same letter in the column are not significantly different as determined by DMRT at P>0.05.
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Thailand, showed that the persistence effect of this
insecticidecouldbelonger than 45 daysafter sowing
(Genay, 1994). Attacks of thrips were observed
only at Napok in 1992 (Table 8). In this case, two
active ingredients, imidachloprid and benfuracab,
rank first. Carbosulfan and furathiocarb were less
efficient, and were not significantly different from
the untreated check. Early appearance of scale
insect was observed at Napok in 1992 (Table 8). In
this experiment, the difference was noted between
thelevel of infestationwhichoccurredinthetreated
and the untreated plots, but no difference was
pointed out regarding thefour insecticides. Finally,
inspiteof low pest popul ations, theresultsacquired
at Napok in 1992, showed that the different active
ingredients tested had effect against whitefly and
grasshoppers. In this case, imidachloprid was the
most efficient insecticide in control of the later
(Table 8).

1-e) Flowering and yield

Nosignificant differencewasfound between
the treated and untreated plots (Table 9). Only at
Ban Hai the results indicated a superiority of
imidachlopridincomparisonwithother insecticides
(P< 0.05) (contrast 2) regarding yields, but no
difference was noted with untreated check. Trials
performed in the U.S.A. indicate that, when pest
incidence is high enough, seed treatment with
imidachloprid and aldicarb can increase the
production over the untreated check by 30% and
even 60% (Van Duyn et al., 1998). Accordingly,
the fact that no difference has been reveal ed could
be the consequence of the small size of the
experimental plots (Michel Bruno, pers. comm.)
combined or not combinedwithtoolow pestsinjury
at the beginning of crop season. Totry to determine
the profitability of seed treatment, further
investigationsshould beperformed. Actually, price
of seed treatment per ha with carbamate and with
imidachloprid are approrimately 10 and 20 US $
respectively, whileseed cottonissold by farmersat
22 centsper kg. That meansthat systemicinsecticide

must increasetheproduction of at least 45 kg/hafor
carbamates and 90 kg/ha for imidachloprid to be
profitable.

2) Comparison of modes of application

No difference was noted between the three
modes of application of imidachloprid (Table 10).
They wereequivalent inrelation to pest control and
yield. A similar study performed in Thailand led to
the same conclusion (Genay, 1994). Consequently
more sophisticated seed treatment methods like
coating and pelting are notneeded; applying
insecti cide on moistened seedswoul d be sufficient.

CONCLUSION

In Lao PDR the most important early pests
of cotton crop are leafhoppers (A. biguttula) and
aphids (A. gossypii). The remaining species, scale
insects, grasshoppers, whitefly (B. tabaci) andthrips,
have alower incidence on the crop.

Field studies carried out in 1992 in the
vicinity of Vientiane, showed that seed treatment
with benfuracarb, carbosulfan, furathiocarb, and
imidachloprid employing whatever the mode of
application, allowed one to control early cotton
pests. Asageneral rule, the best protection aswell
as the longer residual effect was obtained with
imidachlopridresultinginthemost efficient control
of leafhoppers, aphids and thrips. Concerning the
later, a good control was also obtained with
benfuracarb. Even if control level depended onthe
active ingredient, seed treatment represented a
valuable and more environmentally friendly
alternative to insecticide sprayings regarding the
control of pests. However, noeffect of seedtreatment
on the production wasobserved, and it should be of
great interest to perform the same study throughout
several cropping seasons. That should permit oneto
test insecticide effectiveness under different
conditions of pest incidence, and to assess the
economic interest of seed treatment to implement
an integrated pest management strategy in Lao
PDR.
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Table9 Production of flowersand yields at Ban Hai (1992) (DAS = days after sowing).

Objects Number of Number of Yield (Kg/haof
squares/plant flowers/plant seed cotton)
45 DAS 60 DAS 45 DAS 60 DAS

No treatment 134 11.9 0.1 0.8 2043
Benfuracarb 105 10.8 0.0 0.5 1673
Carbosulfan 9.2 9.2 0.2 04 1565
Furathiocarb 9.6 9.6 0.0 0.4 1782
Imidachloprid 12.6 12.8 0.2 0.7 2262
F-test (treatment) 0.7 0.7 1.7 1.3 1.8
Sign. Prob. ns ns ns ns ns

CV (%) 40.9 33.0 172.3 50.8 20.4
Transformation - - - - -
Contrast 1 sign. pro. ns ns ns 0.1 ns
Contrast 2 sign. pro. ns ns 0.1 ns 0.05

Table 10 Comparison of the efficiency of thethree modes of application of imidachloprid (Napok, 1992).

Objects % leavesinfested % leavesinfested No. of bollg/plant  Yield (kg/ha of
by aphids by jassids at harvest seed-cotton)

Imida. powder 194 28.9 151 2020
Imida. coating 191 24.7 111 1768
Imida pelting 18.1 19.6 11.0 2106
F-test

not analysed 32 2.7 4.6 0.3
Sign. Prob. ns ns ns ns

C.V. (%) 230 15.1 17.9 30.7

Transformation

LITERATURE CITED

Angladette, A. 1948. Notesur laculturedu cotonnier
en Indochine. Coton et Fibrestropicales 3 (3-

4) : 73-111.

Burmester, C.B., W. Gazaway, D.J. Potter, D.

Derrick, and E. Ingram. 1997. Impact of at-
plant and post-plant nematicides on cotton

production in reniform nematode infested
fields, pp. 6-10. In Proceedingsof theBeltwide
Cotton Conferences. National Cotton Council
of America. January 6-10, New Orleans,
Louisiana, U.SA.

Castella, J.C., B. Chantharat, S. Thirasack, and G.

Trébuil. 1993. Le cotonnier au Laos. Les
enseignementsd’ uneexpériencedeRecherche-



Kasetsart J. (Nat. Sci.) 35 (4) 425

Développement-Formation. Coopération
agricolebilatéra efrancaise/ CNRA-MAFRDP
Laos. 88 p.

Cauquil, J. 1977. Etudes sur unemaladied’ origine
viraledu cotonnier: lamaladie bleue. Coton et
Fibrestropicales 32 (3) : 259-278

Cauquil, J. 1993. Mal adieset ravageursdu cotonnier
en Afriqueau sud du Sahara. CIRAD., France.
92 p.

Cauquil, J. and M. Vaissayre. 1971. La maladie
bleuedu cotonnier en Afrique: transmissionde
cotonnier acatonnier par Aphisgossypii Glover.
Coton et Fibrestropicales. 26 (4) : 463-466.

Christides, B.G., and G.J. Harrison. 1955. Cotton
Growing Problems. McGraw-Hill, Londo, U.K.
633 p.

Genay, J.P. 1994. Trois années d’ épérimentation
phytosanitaire sur cotonnier en Thailande
(1991-1993): bilan et perspectives. Series
Documents de travail. CIRAD-CA,
Montpellier, France. 53 p.

Goddard, G.F., and J.F. Leser. 1997. Effects of soil
systemic insecticides and cotton seed vigor on
cotton stands and yields, pp. 1165-1168 In
Proceedings of the Beltwide Cotton
Conferences. National Cotton Council of
America. January 6-10, New Orleans,
Louisiana, U.SA.

Gouet, J.P. 1974. Lescomparai sonsde moyenneset
devariances. Applicational’ agronomie. ITCF
ed., Paris, France. 55 p.

Graham, C.T. 1998. Performance of Gaucho seed
treatment acrossthe mid-South and Southeast,
pp. 1187-1188. In Proceedingsof the Beltwide
Cotton Conferences. National Cotton Council
of America. January 5-9, San Diego, California,
U.SA.

Guillemat, J. 1947 La flétrissure ou “wilt” du
cotonnier due a Fusarium vasindectum Atk.
Coton et Fibrestropicale 2 (1) : 17-27.

Hussain, M.A.,andK.B. Lal. 1940. TheBionomics
of EmpoascadevastansDist. Onsomevarieties
of cotton in Punjab. Indian Journal of

Entomology 2: 123-136.

Inaizumi, M. 1980. Studies on the life-cycle and
polymorphism of Aphis gossypii Glover
(Homoptera, Aphididae). Special Bulletin of
the College of Agriculture, Utsunamiya
University, Japan. 37. 132 p.

Kirkpatrick, T.L. 1998. Interactions of nematodes
and fungal wilt pathogens, pp. 123-125. In
Proceedings of the Beltwide Cotton
Conferences. National Cotton Council of
America. January 5-9, San Diego, California,
U.SA.

Leclant, F. and J.P. Deuine. 1994. Aphids
(Hemiptera: Aphididag), pp. 285-323. In G.A.
Matthewsand J.P. Tunstall (eds.). Insect Pests
of Cotton. CAB International, Oxon, U.K. :
285-323.

Matthews, G.A. 1994. Jassids (Hemiptera:
Cicadellidae), pp 353-357. In G.A. Matthews
and J. P. Tunstall (eds.). Insect Pestsof Cotton,
CAB International, Oxon, U.K.

Parnell, F.R., H.E. King, and D.F. Ruston. 1949.
Insect resistance and hairiness of the cotton
plant. Bulletin of Entomological Research 39:
539-575.

Renou, A. 1996. Studies about jassid injuries and
their incidence on fruiting production and
survival, pp 49-52. In Report. Development
Oriented Research on Agrarian Systems
Project, Kasetsart University, Bangkok.

Renou, A., E. Weerawan, and W.
Chograttanameteekul. 1998. Importance of
jassid egg deposition affected by leaf age and
cultivarinrelationtojassidsresistanceincotton,
pp.1-8. In Annual Report. Development
Oriented Research on Agrarian Systems
Project, Kasetsart University, Bangkok.

Scott, W.P., JW. Smith, and G.L. Snodgrass. 1986.
Impact of early season use of selected in
secticides on cotton arthropod population and
yield. Journal of Economic Entomology 73 :
797-804.

Stringer, S.J., and H.R. Mitchell. 1997. Effect of



426 Kasetsart J. (Nat. Sci.) 35 (4)

Furadan/Disulfoton on cotton growth and
development, pp. 1171-1176. In Proceedings
of the Beltwide Cotton Conferences. National
Cotton Council of America. January 6-10, New
Orleans, Louisiana, U.S.A.

Turnipseed, S.G., and M.J. Sullivan. 1998.
Consequences of early-season foliar
insecticides in cotton in South Carolona, pp.
1050-1051. In Proceedings of the Beltwide
Cotton Conferences. National Cotton Council
of America. January 5-9, SanDiego, California,
USA.

Uthamasamy, S. 1994. Host resistance to the
leafhopper, Amrasca devastans (Distant) in
cotton, Gossypiumspp. Challengingthefuture;
pp. 494-498. In G.A. Constable and N. W.
Forrester (eds.).Proceedings of the World
Cotton Research Conference. CSIRO, February
14-17, 1994. Brisban, Melbourne, Australia.

Van Duyn, J, JR. Bradley, A.L. Lambert, C.P.C.
Suh, andJ. Faircloth. 1998. Thripsmanagement
with Gaucho® seedtreatmentinNorth Carolina

cotton, pp. 1183-1187. In Proceedings of the
BeltwideCotton Conferences. National Cotton
Council of America. January 5-9, San Diego,
Cdlifornia, U.S.A.

Wilson, L.J, L.R. Bauer, and D.A. Lally. 1998.
Effect of early insecticideuseon predatorsand
outbreaks of spider mites (Acari:
Tetranychidae) in cotton. Bulletin of
Entomological Research 88 : 477-488.

Xia, J.Y. 1994. An integrated cotton insect pest
management system for cotton-wheat
intercropping in North China. Challenging the
future; pp. 511-517 In G.A. Constable and N.
W. Forrester (eds.). Proceedings of the World
Cotton Research Conference, CSIRO, February
14-17, 1994, Brisban, Melbourne, Australia:
517.

27/03/01
02/10/01

Received date
Accepted date



