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Abstract: The research  study  was carried out at district Khairpur - Sindh during, 2015 to investigate the
efficacy  of  different  insecticides  against  whitefly,  B.  tabaci with five treatments and replicated four times
on  cotton  crop.  All  the  tested  insecticides  reduced  the  mean  percent  population  of  whiteflies  even  at
12  day after spray. The insecticides namely; Pyriproxyfen was found more effective comparatively toth

Acetamaprid which found to be lesser effective. Pyriproxyfen insecticide showed the overall reduction
(67.31±1.27%) in overall sprays when compared with the control (un-sprayed) plot. The second insecticide
Nitenpyram was observed with the overall reduction (63.39±1.56%) followed by Diafenthiuron (61.46±2.10%),
Acephate (59.55±2.48%) and Acetamaprid (48.16±2.87%) when compared with control plot (8.00±0.37) ,
respectively thus; the analysis of variance showed the significant difference among all insecticides. It is
concluded that only Pyriproxyfen proved the better results up to 7th day among these insecticides those
provided the significantly different results therefore, it is suggested to be applied due to egg controlling of B.
tabaci on the cotton leaves.
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INTRODUCTION over 400 textile mills, 1035 ginning factories and 5000 oil

Cotton, Gossypium hirsutum (L.) family  Malvaceae employed in cotton based industries [4]. Due to lush
is known as a major fiber and cash crop of Pakistan, green this crop is mostly infested by a wide range of
cultivated in both tropical and sub-tropical regions used insect pests at various stages of growth compared to any
for textiles, manufacturing and the seed almost have a other crop [5]. It is susceptible to the attack of 96 insect
prospective multi products and food for animals [1]. pests [6] mostly, attacked by whitefly, B. tabaci
Pakistan is the 4th largest  cotton  producer  after  USA, (Gennadius); aphids, Aphis gossypii (Glover); jassid,
China and India however, national average per hectare Amrasca biguttula biguttula (Ishida); and mealybug,
yield is low, comparatively [2] that contributed about 68% Phenacoccus solenopsis (Tinsley) [7] further; [8] reported
to export earnings [3]. It sustains million of the people for the cotton mealybug on different cotton varieties that is
livelihood at farms, ginning factories, textile mills, edible also became a major sucking pest of cotton crop
oil and soap industries therefore, rightly called the throughout the Sindh - Pakistan. The sucking insect pests
lifeblood economy of many countries of Asia and the are injurious; they cause damage by sucking the sap and
cotton is the only crop, on which Pakistan’s economy is transmit viral diseases [9] that losses about 30-40% yield
invariably dependent as it has the tendency to earn more [10] and infestation also caused deterioration in lint
than 60% foreign exchange and runs biggest textile quality and 10-40% losses in crop production [11] from
industry of the country by providing the raw material to seedling and vegetative phase [12].

expellers of Pakistan, so the millions of people are
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The  biological  and  cultural  control  works  over a feet of each.  There  were  5  treatments  and  replicated  4
long  span  of  time.  Pesticides are the only mean to times as shown in under  given  table  whereas;  the
control  large  scale  infestation  and  sudden  outbreaks control plot was  kept  without  using  any  insecticide.
of pests  [13].  Pesticides  were  used  for  the  first  time The plots were  separated  from  each  other  by  keeping
in 1950 in Pakistan to combat locust attack. In 1954, a  space  of 2 feet between treatments and replications.
imports  of  chemical  pesticides  amounted  to  254  tons The  distance  between  ridge  to ridge 18 and plant to
and  in  1980  approximately  90%  of  the  insecticides plant was 9 to 12 inches, respectively. All agronomical
were  used  on  cotton  crop.  That  means  most  of  the practices such as thinning and weeding were done
6.62  million  acres  used  for  cultivation  of  cotton crops manually.  Before  sowing  the  cotton  crop,  the
i.e., the target  of  pesticide  use  [14,  15]  narrated  that weedicide was applied to control the un-wanted plants.
83% of pesticides were used to control insect pests in The sprayer  person  was  covered with mask on face,
cotton fields. Conventional insecticides are the only hand gloves in hands and clothes covered on whole
choice for quick knockdown of the insects but their body. When the sucking insect pest made their initial
imprudent use results in a lot of problems such as appearance sporadically, one  month  after  germination
development of resistance, increase in production cost, the  whitefly  population  was   reached  at economic
pollution etc. Different researchers have tested different thresh hold level (ETL) i.e., five adults or nymphs of
sprays for cotton whitefly control and obtained different whitefly/leaf  then  insecticidal were sprayed with
results [16, 17] found tamaron 60 SL as an effective shoulder mounted knapsack sprayer at that  time to
insecticide. Whereas; [18], [19] concluded that endosulfan reduce the pest population. All the insecticides were
is the best for the control of cotton whitefly. The main applied at the field recommended rate / dose. The
objectives of the present studies were to compare the population fluctuation observed naturally occurrence
efficacy of different insecticides against sucking cotton under control plot with the management of beneficial
whitefly, B. tabaci and to sort out the most effective insects. The data was taken at pre-treatment and post-
insecticide against this pest under the field conditions treatment as; before and after the spray, thus the data was
located at taluka Gambat, District Khairpur, Sindh- collected at 24, 48, 72 hours, 7  day and 12  day post
Pakistan. spraying. Alive sucking insect pest was counted at

MATERIALS AND METHODS bottom side of the plant from 20 plants. Thus; the data

The field study was conducted at Lakyari agricultural values compared with LSD test using Analytical Statistics
farm at Saidi lower near Kamaldero (UC-06), taluka Gambat Package 8.1 software (USA) whereas; the reduction
district Khairpur Sindh during Kharif season, 2015 to percentage of insecticides was observed by using
investigate the efficacy of five insecticides (Acetamaprid Henderson and Tilton, 1955 [20]
(Mospilan) 20 SP, Pyriproxyfen (Admril) 10.8 EC,
Diafenthiuron (Polo) 500 SC, Acephate (Safate) 75 SP,
Nitenpyram (Amrasca) 10 SL) against sucking pest
whitefly, B. tabaci on cotton crop. The insecticides used
in the experiment were obtained from the local market. The
cotton seeds (cv. Bt., 114) were sown on ridges in the
direction from north to south in a Randomize Complete
Block Design (RCBD) having a treatment  size   of  100 sq.

th th

randomly on 3 leaves 1 from top, 1 from middle and 1 from

collected was subjected to analysis of variance and mean

formula: %=(1-Ta×Cb/Ca×Tb)×100

Where:
T = Infestation in the treated plot after treatment.a

T = Infestation in the treated plot before treatment.b

C = Infestation in the control plot after treatment.a

C = Infestation in the control plot before treatment.b

Insecticides with their toxicity used for cotton whitefly under field conditions
Name of insecticide Compound Dose /Acre Name of company/ distributor Dose/tank/ ml/g Effectiveness
Acetamaprid (Mospilan) 20 SP Neonicotinoid 200 ml Arysta (Pvt.) Ltd. 25 ml / tank Adults
Pyriproxyfen (Admril)10.8 EC IGR 200 ml FMC (Pvt.) Ltd. 50 ml / tank Eggs
Diafenthiuron (Polo) 500 SC Thiourea 200 ml Syngenta (Pvt.) Ltd. 25 ml / tank Adults
Acephate 75 SP (Safate) Organo-phosphate 250 gm R. B. Avari Enterprises (Pvt.) Ltd. 37 gm / tank Adults
Nitenpyram 10 SL (Amrasca) Neonictionoid 200 ml Agri Farm Services (Pvt.) Ltd. 25 ml / tank Adults/Nymph
Control plot Without use of insecticides
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RESULTS (P<0.05). Among these insecticides only Pyriproxyfen

The  efficacy   of   insecticides   was  evaluated against whitefly. After application of this insecticide it
against whitefly, Bemisia tabaci (Genn.) (Homoptera: was observed the lesser population of whitefly upto
Aleyrodidae)   under      cotton      crop     field   conditions second spray, latter on the population went beyond the
cultivated at district: Khairpur - Sindh. Due to severe hot economic threshold level (ETL) after 7  day to 12  day.
conditioning climate, this region is well-known for the When the higher population was observed after 15  day
cultivation of cotton crop and the date palm throughout the second spray was applied for better management of
the country. Therefore, the research work was conducted whitefly in cotton crop.
on this major cotton crop which was managed through the
different insecticides because the whitefly is known as the
viral disease providing agent (CLCV). During research Second Spray: The results of the second spray showed
study, it was observed that the whitefly found most that the overall mean population of whitefly was observed
effected agent to the cotton crop from initial stage up to (11.40) in pre-treatment data collection when sprayed with
harvesting. Therefore, it was necessary to manage the Acephate insecticide, the post-treatment data showed
pest accordingly with the help of different insecticidal that the (77.06%) was reduced after one day 24 hours
doses. spray. Thus, the second day on 48 hours was observed

First Spray: The results of the first spray showed that the day (58.71%) and on twelfth day (59.48%) reduced which
overall mean population of whitefly was observed (11.73) showed the overall reduction (67.87±3.71%) in first spray
in pre – treatment data collection when sprayed with when compared with the control (un-sprayed) plot. The
Pyriproxyfen insecticide, the post-treatment data showed second insecticide Diafenthiuron was observed with the
that the (68.19%) was reduced after one day / 24 hours overall reduction (65.83±4.49%) followed by Acetamaprid
spray. Thus, the second day on 48 hours was observed (62.84±2.65%), Nitenpyram (59.33±2.15%) and
(69.21%), on third day after 72 hours (71.35%), on seventh Pyriproxyfen (52.87±1.84%) when compared with control
day (73.23%) and on twelfth day (66.96%) reduced which plot (8.21±0.66) with overall mean population (Table-2),
showed the overall reduction  (69.79±1.12%)  in  first respectively. The analysis of variance showed the highly
spray when compared with the control (un-sprayed) plot. significant difference among all insecticides (DF= 5, 24; F=
The second insecticide Nitenpyram was observed with 61.4; P= 0.001) used to control the whitefly at (P<0.05). 
the overall reduction (67.50±1.77%) followed by Acephate
(59.52±2.01%), Diafenthiuron (52.57±4.43%) and Third Spray: The results of the third spray showed that
Acetamaprid (38.89±5.32%) when compared with control the overall mean population of whitefly was observed
plot (8.65±0.35) with overall mean population (Table-1), (10.20) in pre-treatment data collection when sprayed with
respectively. The analysis of variance showed the Diafenthiuron insecticide, the post-treatment data showed
significant  difference  among  all   insecticides  (DF= 5, (72.90%) was reduced after one day 24 hours  spray.
24;  F=  5 5.8;  P=  0.001)  used  to  control   the whitefly at Thus,  the  second  day  on   48     hours     was   observed

insecticide provided the better results up to 7  dayth

th th

th

(71.15%), on third day after 72 hours (72.97%), on seventh

Table 1: Overall mean and reduction % at pre and post treatments of different insecticides against whitefly under cotton field crop during, 2015
1  spray on dated: 16-7-2015 Post-treatmentst

-------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------
Insecticides Pre-treatment 24 h 48 h 72 h 7  day 12  day Mean and Reduction % ± SEth th

Acephate 8.20 2.53 2.60 2.46 2.33 2.66 2.52±0.06
Reduction % 62.00 62.58 60.15 61.21 51.64 59.52±2.01bc

Diafenthiuron 8.13 2.63 2.66 2.60 3.36 3.26 2.90±0.17
Reduction % 60.16 61.39 57.52 43.58 40.22 52.57±4.43c

Pyriproxyfen 11.73 3.03 3.06 2.53 2.30 2.60 2.70±0.15
Reduction % 68.19 69.21 71.35 73.23 66.96 69.79±1.12a

Acetamaprid 6.06 2.50 2.66 2.53 3.13 3.13 2.79±0.14
Reduction % 49.19 48.20 44.55 29.49 23.00 38.89±5.32d

Nitenpyram 10.60 2.56 2.73 2.33 2.70 2.73 2.61±0.08
Reduction % 70.26 69.60 70.80 65.23 61.61 67.50±1.77ab

Control plot 11.33 9.20 9.60 8.53 8.30 7.60 8.65±0.35e
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Table 2: Overall mean and reduction % at pre and post treatments of different insecticides against whitefly population under cotton field crop during, 2015

2  spray dated: 02-8-2015 Post-treatmentnd

-------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------

Insecticides Pre-treatment 24 h 48 h 72 h 7  day 12  day Mean and Reduction % ± SEth th

Acephate 11.40 2.60 2.53 2.33 3.36 2.86 2.74±0.18

Reduction % 77.06 71.15 72.97 58.71 59.48 67.87±3.71 a

Diafenthiuron 10.00 3.40 2.86 3.00 2.63 2.66 2.91±0.14

Reduction % 65.81 82.82 60.32 63.16 57.04 65.83±4.49 ab

Pyriproxyfen 7.06 2.86 2.53 2.73 2.36 2.20 2.54±0.12

Reduction % 59.26 53.41 48.86 53.17 49.67 52.87±1.84 c

Acetamaprid 10.00 3.06 2.80 3.20 2.30 2.73 2.82±0.16

Reduction % 69.23 63.60 57.68 67.78 55.91 62.84±2.65 ab

Nitenpyram 8.46 3.00 2.53 3.00 2.26 2.33 2.62±0.16

Reduction % 64.34 61.12 53.10 62.58 55.52 59.33±2.15 bc

Control plot 10.66 10.60 8.20 8.06 7.61 6.60 8.21±0.66 d

Table 3: Overall mean and reduction % at pre and post treatments of different insecticides against whitefly population under cotton field conditions during,

2015

3  spray dated: 23-8-2015 Post-treatmentrd

-------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------

Insecticides Pre-treatment 24 h 48 h 72 h 7  day 12  day Mean and Reduction % ± SEth th

Acephate 5.60 2.46 2.60 2.66 2.61 2.60 2.59±0.03

Reduction % 47.88 44.03 40.32 39.74 31.06 40.61±2.80c

Diafenthiuron 10.20 2.33 2.33 2.53 2.10 2.40 2.34±0.07

Reduction % 72.90 72.46 68.84 73.38 65.06 70.53±1.58 a

Pyriproxyfen 10.06 2.73 2.13 2.73 2.06 2.48 2.43±0.14

Reduction % 67.80 74.48 65.90 73.53 63.40 69.02±2.16 ab

Acetamaprid 5.06 2.53 2.53 2.26 2.25 2.33 2.38±0.06

Reduction % 40.68 39.73 43.88 42.51 31.63 39.69±2.14 c

Nitenpyram 8.00 2.10 2.53 2.20 2.05 2.21 2.22±0.08

Reduction % 68.86 61.88 65.45 66.87 58.98 64.41±1.77 b

Control plot 9.80 8.26 8.13 7.80 7.58 6.60 7.67±0.29 d

Table 4: Overall mean and reduction % at pre and post treatments of different insecticides against whitefly population under cotton field crop during, 2015

4  spray dated: 06-9-2015 Post-treatmentth

-------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------

Insecticides Pre-treatment 24 h 48 h 72 h 7  day 12  day Mean and Reduction % ± SEth th

Acephate 8.55 2.46 2.61 2.68 3.00 2.55 2.66±0.09

Reduction % 68.05 60.09 61.70 55.98 57.89 60.74±2.07 b

Diafenthiuron 7.50 2.60 2.35 2.38 2.33 2.75 2.48±0.08

Reduction % 61.51 59.04 61.22 61.02 48.24 58.21±2.53 b

Pyriproxyfen 10.80 2.13 2.36 2.25 2.40 2.60 2.35±0.08

Reduction % 78.10 71.43 74.54 72.12 66.01 72.44±1.99 a

Acetamaprid 5.20 2.46 2.40 2.40 2.51 2.76 2.51±0.07

Reduction % 47.47 39.66 43.66 39.44 25.07 39.06±3.80 c

Nitenpyram 7.01 2.15 2.10 2.21 2.18 2.26 2.18±0.03

Reduction % 65.95 60.84 61.48 60.98 54.49 60.75±1.83 b

Control plot 9.36 8.43 7.16 7.66 7.46 6.63 7.47±0.30 d
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Table 5: Overall mean and reduction % at pre and post treatments of different insecticides against whitefly population under cotton field crop during, 2015
Post-treatment
-------------------------------------------------------------------------------------------------------------------------------------------------

Insecticides Pre-treatment 24 h 48 h 72 h 7  day 12  day Mean±SE and Reduction % ± SEth th

Acephate 8.44 2.51 2.59 2.53 2.83 2.67 2.63±0.06
Reduction % 66.45 61.82 61.49 55.42 52.55 59.55±2.48 b

Diafenthiuron 8.96 2.74 2.55 2.63 2.61 2.77 2.66±0.04
Reduction % 65.5 64.59 62.29 61.27 53.63 61.46±2.10 b

Pyriproxyfen 9.91 2.69 2.52 2.56 2.28 2.47 2.50±0.07
Reduction % 69.37 68.36 66.81 69.41 62.61 67.31±1.27 a

Acetamaprid 6.58 2.64 2.6 2.6 2.55 2.74 2.63±0.03
Reduction % 54.73 50.83 49.24 48.48 37.54 48.16±2.87 c

Nitenpyram 8.51 2.43 2.47 2.44 2.3 2.38 2.40±0.03
Reduction % 67.78 63.89 63.17 64.07 58.05 63.39±1.56 ab

Control plot 10.29 9.12 8.27 8.01 7.74 6.86 8.00±0.37 d

Each value is a mean of 4 replications, means in column followed by same letters are significantly different at P<0.05.

(72.46%), on third day after 72 hours (68.84%), on seventh Overall Mean of All Sprays: The results of the overall
day (73.38%) and on twelfth day (65.06%) reduced which sprays showed that the overall mean population of
showed the overall reduction (70.53±1.58%) in 3  spray whitefly was observed (9.91) in pre-treatment datard

when  compared  with  the  control  (un-sprayed)  plot. collection when sprayed with Pyriproxyfen insecticide, the
The second insecticide Pyriproxyfen was observed with post-treatment data showed that the (69.37%) was
the overall reduction (69.02±2.16%) followed by reduced after one day 24 hours spray. Thus, the second
Nitenpyram (64.41±1.77%), Acephate (40.61±2.80%) and day on 48 hours was observed (68.36%), on third day after
Acetamaprid  (39.69±2.14%)  when  compared  with 72 hours (66.81%), on seventh day (69.41%) and on
control plot (7.67±0.29) with overall mean population twelfth day (62.61%) reduced which showed the overall
(Table-3). The  analysis of variance showed the highly reduction (67.31±1.27%) in overall sprays when compared
significant  difference  among all insecticides (DF= 5, 24; with the control (un-sprayed) plot. The second insecticide
F= 156; P= 0.001) used to control the whitefly at (P<0.05), Nitenpyram was observed with the overall reduction
respectively. (63.39±1.56%) followed by Diafenthiuron (61.46±2.10%),

Fourth Spray: The results of the fourth spray showed when compared with control plot (8.00±0.37) with overall
that the overall mean population of whitefly was observed mean population (Table-5). The analysis of variance
(10.80) in pre-treatment data collection when sprayed with showed the significant difference among all insecticides
Pyriproxyfen insecticide, the post-treatment data showed (DF= 5, 24; F= 129; P= 0.001) used to control the whitefly
that the (78.10%) was reduced after one day 24 hours at (P<0.05). Among these insecticides only Pyriproxyfen
spray. Thus, the second day on 48 hours was observed insecticide provided the better results up to 7  day after
(71.43%), on third day after 72 hours (74.54%), on seventh application against whitefly. 
day (72.12%) and on twelfth day (66.09%) reduced which
showed the overall reduction (72.44±1.99%) in first spray DISCUSSION
when compared with the control (un-sprayed) plot. The
second insecticide Nitenpyram was observed with the The population fluctuation of, B. tabacci on cotton
overall reduction (60.75±1.83%) followed by Acephate field crop was observed from seedling up to harvesting of
(60.74±2.07%), Diafenthiuron (58.21±2.53%) and the crop. In starting months as plant bearded 5-7 leaves,
Acetamaprid (39.06±3.80%) when compared with control slowly and gradually the peak population appeared after
plot (7.47±0.30) with overall mean population (Table - 4), 35 days and the spray was done  to  control  this  pest.
respectively. The analysis of variance showed the highly The results are agreement with [21] who observed the
significant difference among all insecticides (DF= 5, 24; F= subsequent months but peak population in the month of
101; P= 0.001) used to control the whitefly at (P<0.05). August up to 5.78 / leaf. All the tested insecticides
Among these insecticides only Pyriproxyfen insecticide significantly reduced the mean percent whitefly
provided the better results up to 7  day after application population even on 12th day after each and every spray.th

against whitefly. According  to  different   researchers   who  used  different

Acephate (59.55±2.48%) and Acetamaprid (48.16±2.87%)

th
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sprays for the controlling of whitefly and got different losses caused by sucking insect pests to the cotton crop
results such as; [16, 17] found Tamaron 60 SL, as an
effective insecticide thus, the Buprofezin also disturbs to
be mature of nymphal stage when those become an adults
or another way we can say at the stage of pre-mature / at
the pseudo-pupa conditions of the B. tabacci [18, 22] it
was also concluded that the endosulfan provided the best
results for the management of sucking pest as cotton
whitefly [23]. The combination of two different
insecticides such asPhenpropethrin and Buprofezin had
been used for the controlling of adult population of B.
tabacci [24]. The new class of insecticides which is
known as neonicotinoids mostly these highly
commercially products like; Imidacloprid, Thiacloprid,
Acetamiprid and the Thiamethoxam are well known to
controlling to sucking insect pests of cotton [25, 26] in
concern with the neonicotinoid formulation another
researcher [27] also reported that Imidacloprid provided
an efficient activity to disturb with the nicotinic
acetylcholine receptors of the nervous system of the
insect.

Among different control measures, the chemical
control of insect pest is quick and rapid one. It is
imperative to search out some alternatives of highly toxic
insecticides. Some soft insecticides such as the insect
growth regulators and other new chemistry insecticides
are being getting more attention of scientists as good
substitute. IGRs (buprofezin and pyriproxyfen) were used
as key factor in the resistant management, integrated
management of whitefly in USA [28] Pyriproxifen provided
the better results among all the insecticides, Nitenpyram,
Diafenthiuron, Acephate and Acetamaprid in first and
fourth spray while, in second spray Acephate (Safate) and
in third spray Diafenthiuron (Polo) gave the better results
than all other insecticides [29]. A sudden decrease in the
efficacy of the tested insecticides at 7  and 12  day afterth th

spray was also noticed. The insecticides showed better
reduction of the whitefly population at 48 h post spray
compared to that of 7  and 12  day after spray. The trendth th

of whitefly reduction by the insecticides remained similar,
however, Pyriproxyfen, Nitenpyram, Acephate and
Diafenthiuron were statistically similar in their efficacy
against whitefly on cotton. The results are further in
agreement with the [30] who found that Mospilan, polo
and confidor provided the better results almost 72.76%
mortality of whitefly in cotton crop. But the results of the
present study were dissimilar to [31] who observed
significant mortality of whitefly with the application of
acetamaprid. The chemical control is one of the rapid
methods and is an integral part as well as tool of
integrated pest management (IPM) program to  reduce  the

[32]. In the present investigation; efforts were taken to
check the effect of these insecticides against whitefly. It
is observed through this research study that transgenic
cultivars were found to be susceptible because the
sucking complex especially; whiteflies were observed
vulnerable to the cotton crop [33] Hence, it is the serious
menace to the growers of cotton crop due to this serious
attack day by day it found increasing from season to
season.

Perhaps, sometime the climatic changes may support
to flare up this vicious pest of cotton crop. Our research
findings are in agreement with [34] who found from their
research study that B. thuringenesis cotton had not any
resistant against cotton whitefly. Consequently, [12]
observed that either there is B. thuringenesis or cultivars
both have no significant different for the attacking of
cotton whitefly. During data collection it was observed
that the pest whitefly flare up had a direct proportional to
the temp. and RH% thus, the indirect / inverse effect of
rainfall. Our research results are closely confirm to [35]
and [36] who observed significantly negative correlation
with pest flare up and temperature and significantly
positive correlation at the morning relative humidity but
negative to the rainfall. Besides, [37, 38] described the
temperature and relative humidity encourages the whitefly
pest population fluctuation [39] reported the temperature
supports to increase whereas, relative humidity and
rainfall provide the negative effect [40] reported that the
negative effects of weather abiotic factors. In the present
investigation, efforts were taken to check the effect of
these insecticides against whitefly. It is concluded
through this research study that transgenic cultivars were
found to be susceptible because the sucking complex
especially; whiteflies were observed vulnerable to the
cotton crop. 
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