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ABSTRACT 

Field studies were conducted in 1989 and 1990 to evaluate the effect(s) of systemic 

insecticides (Temik 15G®, aldicarb; Thimet 20G®, phorate, and Furadan 15G®, 

carbofuran) on cotton, and its associated arthropod fauna under irrigated and dryland 

cropping systems. One rate of each insecticide was used at planting. In-furrow water 

application was made in the treatments with irrigated regime according to Gypsum Block-

Resistance Meter readings. 

Arthropod population (pests and beneficial) was low in both years during the field 

study, resulting in the lack of significant difference due to treatment effect. Other factors 

held constant, response of the cotton plant was directiy associated with the treatment 

applied. 

Insecticide application-water regime combinations had significant effect on most growth 

and reproductive parameters measured. Earliness and yield were subsequently affected by 

the combination treatments. Fiber quality was not affected by treatments. 

In an adjunct laboratory study using in vitro cotton tissue-cultured calli, several rates of 

the same insecticides were used. Observations were made on cell phenology and quantified 

by visual ranking. Cell phenology was altered. This observation was also true for cell 

growth resulting in difference in fi-esh and dry weight production. Stimulatory effect was 

observed mostly in the lowest and moderate rates of any of the insecticides applied, while 

inhibition was found in the highest application rates. 
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CHAPTER I 

INTRODUCTION 

Schrader (1947) discovered the ability of plants to take up synthetic or organic chemical 

insecticides, in this case organophosphorus compounds, and translocate them in tissues, 

thus rendering them toxic to insects. Schradan, an organophosphate, was the first systemic 

studied (Martin, 1964). This systemic characteristic was later found in otiier 

organophosphate compounds such as "systox," a mixture of demeton-o and demeton-s, 

and its homologue "metasystox" (demeton-s-methyl). Di-Syston®, a dithioate analog of 

demeton was introduced in 1956 by the Bayer Company which later released phorate 

(Thimet®), a potent systemic insecticide with high mammalian toxicity, yet not phytotoxic 

except for cabbage (Matsumura, 1975). 

Insecticides, as the name implies, are pesticides which target insect pests. In their 

specificity, they can be activated by contact, inhalation, and ingestion. However, most 

surprisingly, some compounds are formulated in such a way that their potency cannot be 

fully attained until the chemical is present inside the plant, for which protection is aimed. 

After plant uptake, the compounds undergo both hydrolysis and oxidation to yield the full 

insecticidal potency (Martin, 1964). Because the compounds are polar, contrary to insect 

cuticle (Matsumura, 1975), contact poisoning is minimized, a very useful characteristic for 

beneficial insects. Such compounds are called "systemic." They are represented in almost 

all pesticide classes. Their fate in the plant is critical due to their expected and required 

non-phytotoxicity as well as their translocation and assimilability by the plant (Martin, 

1964). 

Several studies have been conducted on the insecticidal effect of the systemic pesticides 

(Herbert et al., 1987; EUis and R.O. Clements, 1986; Lampen, 1985; Conley, and Lutrell, 

1984), with less attention to their potential effect on plant growth pattem. However, some 

attempts have been made to determine this latter effect. Leigh (1963) found that phorate, 

when applied as a seed treatment to cotton, delayed seedling emergence, reduced the 

number of plants on a per acre basis, produced taller plants with large leaf size, and delayed 

and reduced fhiiting. Leigh's results showed yield differences between phorate treated and 

untreated plots without consistent observation due to fluctuating results; the same being true 

for fiber length uniformity. Other fiber parameters, such as the percent of lint produced, 

fiber strength and seed viabihty were not affected by either phorate or Di-syston® seed 

treatment. 

Insecticide-plant response could be a result of liberation of free organic phosphorus in 

the plant that could trigger the phosphatase or acetylesterase enzymes, which in retum 
1 



affect tiie bond energy in the phosphate Hnkage (Casida et al., 1952). A similar explanation 

was also proposed by Stanley and Qualset (1968). Wolfenbarger (1948) proposed tiiat 

plants treated with organophosphate chemicals had the ability to use the phosphorus 

element of the compound. However, Pless et al. (1971) reported high tobacco plant vigor 

in carbofuran (Furadan®) and disulfoton (Di-Syston®) treated tests not due to tiie 

phosphoms element, but to the effect of the insecticides on plant metabohsm. Harris 

(1952) and Pickett et al.(1951) found a significant reduction of photosynthesis on 

cucumbers and peach trees due to DDT apphcation. Wilson and Sleesman (1948) 

supported a reduced transpiration rate on potato crop following DDT application. 

Lichtenstein et al.(1962) reported that organochlorine compounds, such as lindane, 

dieldrin, DDT and methoxychlor, organophosphates, such as demeton, and aldicarb 

(Temik®), a carbamate, had a significant response in decreasing respiration rate at the root 

tip region of com, cucumbers, peas and oat plants. Phorate has been suspected to have the 

potential to produce ethylene, a known plant growth regulator. 

"Silent injury" in plants has been reported. Bartholemew (1948) suggested that the 

negative effects of insecticides on plants include excessive water loss or retention. In 

addition, he proposed the presence of a block effect hampering food manufacturing during 

metabolic activity resulting in less food transfer to vital plant parts, and excessive 

accumulation of toxic residues, and dwarfism. 

Root-promoting hormones released in the soil following soil fumigation could stimulate 

plant growth by hastening and improving root development (Carter, 1953). Carter also 

suggested that fumigation helped in inhibiting the nitrifying organisms, making available 

nutrients needed in small amount by plants. 

Most systemics are potent insecticides with a broad spectrum of activity on plants and 

invertebrates (Elhs et al., 1986). Aldicarb appHed at moderate rates on Italian ryegrass 

(Lolium multiflorum) reduced yield significantly. Ellis et al.(1986) found negative effects 

on seedling, plant height and plant dry matter weight reduction in heavy soil treated with 

20kg of aldicarb per ha; whereas, lower rates of 0.50 kg and 1.00 kg a.i. per ha. showed 

positive trends regarding those parameters. Herbert et al.(1987) found that aldicarb 

systemic activity was greatly dependent on soil water content; low soil water content 

reduced its access to plant roots, by slowing down plant uptake. In addition, other factors 

such as temperature, soil type, cultivar susceptibihty and soil occupational history are 

determinant on aldicarb systemic efficacy (Herbert et al, 1987). 

Plant growth habits and yield increase improvement following insecticidal applications 

remain mostiy accredited to insect control, while insecticidal effect on phytostimulation is 



down-played. Chapman and Allen (1948) were among the first to investigate and support 

the beneficial effect of insecticides on cereals and vegetables by insecticide-induced growth 

stimulation (Venugopal and Listinger, 1984). Leigh (1963) refuted insect and mite control 

in phorate and Di-syston® treated fields as a contributing factor of growtii and fmiting 

response, but advocated certain phytostimulating effects of the two systemic insecticides. 

Systemic compounds, when applied to roots, enhance the translocation process by 

diffusing to all parts of the plant; whereas, when applied as fohar treatments, they remain at 

the sites of application, with no noticeable translocation. One might suspect that this is the 

resuh of the non-polarity of the plant epidermal layer which is impermeable to polar 

systemic insecticides (Matsunura, 1975). Chapman and Allen (1948) found tiiat low 

concentration of DDT might induce plant stimulation; the same finding shared by Goodman 

(1955) in his work on cotton. Oppositely, Fowler (1956) attributed increased vegetative 

growth and cotton lateness to parathion. Brown et al. (1961, 1962) as well as Hacskaylo 

and Scales (1959) supported Chapman's findings. Benedict et al. (1986) attributed 

significant yield increases and earliness of cotton treated with chlordimeform to reduced 

insect damage rather than an insecticidal phytostimulative effect, contrary to Crawford et 

al.(1983) who reported yield increases in fields treated with dimeform, but did not explain 

the favorable factor. As Cathey and Bailey (1987) noticed, it is not easy to materialize plant 

responses to insecticide per se and its response to insect relief even though well-

documented studies reported insecticidal phytostimulative effect (Brown et al. 1961, 1962; 

Roark, et al. 1983). Apple (1971), and Hardas et al. (1972) reported that carbofuran 

phytostimulative effect on cotton, tobacco, sorghum, com, and rice resulted in a higher 

yield and positive response not due to insect control alone. However, no favorable 

response on cotton growth, yield, and fiber quality parameters was found after several 

insecticide applications. 

Systemic insecticide activity and fate is closely related to environmental, biological 

factors and the genetic make up of the plant. Temperature and moisture are the greatest 

environmental driving forces (Herbert et al, 1987; Hacskaylo and Ranney, 1961). 

Square and young boll shedding may occur even in the absence of pest pressure (Heam 

and Room, 1977). Soil characteristics, mainly texture and chemical composition, also 

constitute important factors in the pesticide translocation and uptake by the plant. 

Physiological responses have been reported (Lincoln and Dean, 1976; Phillips et al., 1977; 

Weaver and Bhardwaj, 1985; Lentz, 1983; Cathey and Bailey, 1987). When phytotoxicity 

of the chemical was observed on cereal crops such as oat (Ayena spp.) and barley 

(Hordeum spp.) and rye, the process (assessed by the Hill Reaction Inhibition Technique 



in seed treated chloroplasts) was the result of photosynthetic electron flow inhibition that 

could reach 40%, resulting in decreased assimilation of CO2 and concomitant ATP 

synthesis (Stanley and Qualset, 1968). Sugar and nitrogen supplies, two major factors in 

boll number retention to maturity, should be accessible to tiie plant. The lack of 

translocation of sugars from the leaves in contact with the pesticide DDT to the roots 

seemed to result in increased dry weight of tiiese leaves (Sher and Rogers, 1986). 

Gardenhire and MacDaniel (1970) supported Coleman and Dean's work (1964), who 

suggested a genetic characteristic involved in the insecticide-plant relationship. The 

reaction of the insecticide is controlled by a single major gene, whereas the dominant allele 

is responsible for the plant susceptibihty to the insecticide. This susceptibility could 

explain the adverse effects found in cotton seed treated with phorate (Beckham and Morgan 

1958; Erwin and Reynolds, 1958; Hacskaylo and Ranney, 1961; and Leigh and 

Walhood,1960). 

In oat (Avena secale), translocation of assimilates to the root system was reduced, and 

sucrose accumulates increased in the leaves of toxaphene treated seedlings (Akbar and 

Rogers, 1986). Photostimulation by insecticides have been reported since 1948 (Chapman 

and Allen, 1948) mainly in cereals and vegetables. This effect on plants is hard to assess, 

mainly due to faulty or debatable designs and the presence of insect pests. 

Venugopal and Listinger (1984) found that plants treated with carbofuran had a 

significantly higher increase of total number of roots as well as root weight on a seedling 

basis as compared with its two metabolites, whereas maximum root length was not 

affected. Other parameters such as plant height and panicle weight were significantly 

higher in carbofuran treated plots. Earliness, measured by flowering, was also noticed 

(Venugopal and Listinger, 1984). Carbofuran effect on root system development has not 

been fully investigated. However, studies showed that carbamate insecticides such as 

carbaryl, when applied at low concentration, favored root and shoot growth on rice (Tsai, 

1978). 

Photosynthesis in rice was reported to be enhanced by carbofuran, resulting in 

significantiy high leaf area, greener foliage, and yield increase (Venugopal and Listinger, 

1984). Womack and Schuster (1986) reported no positive growth response of cotton 

treated with Temik® alone, as well as with different Temik® application rates, in relation 

to time of apphcation. However, leaf area, wet weight, and percent dry matter were 

reduced. In their study with two cotton cultivars, neither cultivar showed a positive 

response to Temik® as to the number of squares produced (Womack and Schuster, 1986). 

Furthermore, their results did neither support Walker and Niles (1984) asserting the 



farmer's belief that Temik® induced early square set, nor Partott et al. (1985) who 

suggested an "unknown mechanism" in which Temik® application increased tint yield of 

cotton. However, during the period of Temik® controversy. Marshal (1985) reported 

Temik®'s "magical ability" to improve plant phenology. 

Womack and Schuster (1986) also found Temik® phytotoxicity effect on potted 

seedhngs grown in greenhouse which they explained as a result of reduced root system 

growth, a water uptake imbalance or a high toxicity on the vascular system of tiie 

seedlings. The phytotoxicity was positively cortelated with the application rate of Temik®. 

They concluded that any cotton growth enhancement observed when Temik® is applied in 

furtow, should be attributed to efficient pest control rather than positive photostimulation 

(Womack and Shuster, 1986). 

Temik® application induced plant response. The number of squares set showed higher 

sensitivity to Temik® than other parameters such as leaf area, wet weight or percent of dry 

matter (Womack and Shuster, 1986). This fact could be explained by the higher metabolic 

rate during the fruiting stage resulting in a higher uptake of Temik® and greater toxicity. 

Plant size reduction was also observed on plants treated later during the seedling stage as 

larger plants showed more damage probably due to higher pesticide translocation through 

the more elaborately developed root system (Womack and Shuster, 1986). These findings 

supported the early study of Hopkins and Taft (1965) in which Temik®, when applied 

side-dressed to cotton for pest control, was phytotoxic and resulted in decreased plant 

population density. 

A favorable plant response to a chemical could be the result of good control of major 

and minor pest species (Derrick and Durant, 1986) even though plant responses relative to 

several types or classes of insecticides were suggested. Mcllrath (1950) found that the 

organophosphates, mainly methyl and ethyl parathion, promoted changes in leaf 

morphology of cotton. Parathion sprayed on cotton in the Sudan Gezira region to control 

whitefly (Bermisia gossypiperda) showed an increased number of vegetative limbs 

(Fowler, 1956) and delayed plant maturity(Bradley and Corbin, 1974 ). This finding was 

supported by Gipson (1974) who observed a yield decrease. 

Roark et al.(1983) reported the negative effect of carbamates on yield. Physiologically, 

photosynthesis and stomatal conductance were impaired in lettuce treated with permethrin 

(a pyrethroid) and these effects surpassed those adverse ones encountered with the 

chlorohydrocarbons, organophosphates and carbamates (Toscano et al., 1982). However, 

in laboratory studies, Pieters (1982) reported an increased photosynthetic rate of cotton 

leaves treated with chlordimeform . Lloyd and Krieg (1987) supported neither Pieters 



(1982) nor Toscano et al. (1982) findings associating carbon-assimilation rate, stomatal 

conductance or gas exchange efficiency (indicated by intercellular CO2 concentration) on 

cotton treated with different fohar insecticides applied during early squaring period and 

repetitively thereafter. They also did not find any significant effect in any growth stage 

parameters when water treatment was superimposed to the insecticide apphcation. 

However, when considered separately, insecticide application did significantly enhance 

several developmental parameters on a per plant basis such as number of squares set and 

bolls; total dry weight on a per unit area basis was not affected. Plant growth and 

development showed a positive trend with different insecticide apphcations, but the yield 

outcome did not manifest any remarkable beneficial effect. Factors, such as growing 

season length, could be an important determinant factor inhibiting the insecticide positive 

response (Lloyd and Krieg, 1987). 

Synergistic phytotoxicity effects of various pesticides has been reported (Hammon, 

1986). However, in this specific case, absorption and translocation of a pesticide by plant 

was increased by the presence of another compound (in this study: phorate) which, at the 

same time reduced the amount of chemical metabolized that causes phytotoxicity. Britton et 

al. (1982) found such relationships between metribuzin and phorate. Another positive 

synergistic effect was reported by Burris (1982a and 1982b). Significant increases in rate 

of flowering, leaf area and maturity were observed, as compared with the other insecticides 

tested under pest and beneficial insect presence (Burris, 1982a; 1982b). Insecticide 

phytotoxicity was not reported by either Lampert (1985) or Treacy et al. (1986) when 

testing Temik®. 

Kiser (1972) reported phytotoxicity on tomato treated with four different systemic 

compounds without an adverse effect on yield. In some cases, he found trends toward 

yield increases in plants treated early at apphcation rates 4 times the labeled rates. His data 

suggested that a relatively wide range of safety could exist depending on the method of 

apphcation. 

Systemic insecticide availability for plant uptake is a function of soil water potential 

(Lampert, 1985) and its transport system. Magee (1982) defined transport as the 

movement implied for a bioactive compound to displace from the point of application to the 

region of the target site through environmental and biological boundaries that may interfere 

with the process. 

The translocation of systemic insecticides is related to the intensity of the pesticide 

solution flux, quantity involved, molecular characteristic and its affinity with hpids (Briggs 

et al. 1979), as well as the constituency (lignified or grassy) of the plant (Barak et al. 



1983). Moderately lignified plants such as cotton and mature pepper are efficient lipophihc 

pesticide mobihzers; however, highly hgnified plants will obtmde or slow the translocation 

process in the apoplastic pathway (Dinoor et al., 1983). 

Sufficient water supply is essential for plant functional needs. This can be elaborated 

by the fact that water lost via transpiration is usually much higher than the amount 

necessary to carry out physiological activities. Dry matter accumulation is a function of the 

amount of water lost through transpiration and plant use efficiency. When considering dry 

matter accumulation, one should understand that its importance is stressed on the 

harvestable, economic plant part. 

Water is the main, if not the sole insecticide carrier in plants. Water movement inside 

the plant can take two routes; the apoplastic pathway in which xylem is a part, and the 

symplastic pathway represented by the phloem. The xylem is responsible for most of the 

transport and is characterized by an upward movement (acropetal) from the roots to the 

foliage (Gardner et al., 1985). In the xylem tissues, water carries the pesticide through the 

free spaces in the cell walls or between the plasmolemna and the cell walls. Water uptake is 

canahzed through the tissues between the epidermal cells of the root surface in the root stele 

region. In the process, water carrying efficiency is greatiy affected by several barriers and 

cell morphology. Suberization and lignification as a function of tissue maturity are two of 

the main barriers in the endodermis where the radical walls composed of heavy bound 

tissues (Casparian strip) prevent water filtration (Turner and Burch, 1983; Magee, 1982). 

Gardner et al.(1985) indicated that systemic insecticides and some other compounds 

such as some proteins, polysaccharides, calcium ions, most micro-nutrients and reducing 

sugars (exposed aldehyde or ketone) are mainly carried through the xylem flow. 

According to Magee (1982), most systemic pesticides are passively transported foUowing a 

physical partitioning process by an upward transpiration flux in the xylem which dictates 

the various movements in soil, plants and other organisms such as insects. In addition, 

systemic activity and mobihty in soil is reduced by soil water level, probably due to a 

strong hydrogen bonding capacity of the compound to soil particles (Meikle and Christie, 

1969). 

In addition, the symplastic pathway (via the phloem) allows the plant to drive the 

pesticide to the protoplasm of the bundle sheath cells, entering the cells through the 

plasmodesmata. Movement in the xylem is typically upward, i.e., from the root system to 

the meristem regions, the phloem pathway is characterized by a bidirectional flow, upward 

(acropetal), and downward (basipetal). In the phloem pathway, there are two phase stages. 

The phloem loading phase is characterized by the transfer of photosynthate from the 
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symplast (mesophyll cells) to the phloem sieve tube components, requuing ATP and a high 

osmotic potential to pump the assimilate through. The phloem unloading phase allows the 

transfer of photosynthate from the phloem sieves to the cell sink regions. Assimilate 

partitioning is related to the closeness of the source, indicating that lower leaves or 

reproductive structures will tend to export mostly to the roots, while the upper plant parts 

will provide for tiie shoots, and the intermediary parts for both receptacles (Wardlaw, 

1968). 

One then could foresee the pesticide translocation pathway and distribution in the plant 

after being carried by the plant water flow. Lateral movement, even though less developed 

is found in both xylem and phloem routes (Gardner et al., 1985). In the phloem route, 

water conductance is relatively low at the plasmodesmata level as suggested by Tanton and 

Cowdy (1972). This drastically contrasts with the less constraining barrier encountered in 

the apoplastic pathway where water moves more freely, with less metabolic process of the 

leaf cells. Boyer (1974) explained the fact by the absence of a membrane to cross, and less 

cell metabolism activity in the xylem made of dead tissues. This phenomenon could then 

explain the higher transpiration rate found in the leaf region where the apoplastic pathway 

prevails, and the loss of turgor of the leaves during the high temperature periods. 

Aside from water transport, photosynthates or mobilization of stored assimilates 

constitute the major part of the substances translocated in the phloem; high percent (90%) 

of the phloem translocation being composed of carbohydrates (mainly sucrose) which 

constitute, at the same time, a noticeable percent in phloem sap (10-25%). Several growth 

regulators among other compounds reach their active site in the phloem (Gardner et al., 

1985). 

Phloem transport efficiency is closely related to the nature of the chemical to translocate 

and its measurable rate of displacement (which can be measured by allowing leaves to 

metabohze '̂*Co2 through photosynthesis and then measure the rate of displacement of the 

I'̂ C from the leaves) (Gardner et al, 1985). Plant species and their photosynthetic ability 

rather than leaf anatomy are also determinant in evaluating phloem efficiency. The C3 type 

plants such as cotton, characterized by low photosynthetic efficiency due in part to then-

high photorespiration (Gardner et al., 1985) are more obliged to maximize assimilates to 

meet physiological needs. This maximization can be achieved when the plant is placed in 

adequate growing conditions. 

Soil types have been reported in the enhancement of systemic phytotoxicity. Retarded 

germination and pronounced plant injury were found in light soil planted with seed treated 

cotton. This was explained by a faster rate of chemical uptake of the toxic compound by 



the plants. When tested, the soil pH did not affect uptake contrary to Crisp et al.(1975), 

but soil texture allowed a longer residual period (Zaki and Reynolds, 1961). In the same 

study, Thimet® was observed to have a favorable phytostimulating effect and the chemical 

leaching ability was directly related to the water solubility of tiie compound involved and its 

formulation, with granular formulation showing less phytotoxicity. Matsumura (1975) 

reported slight phytotoxicity of phorate on cabbage. Metcalf et al.(1964) found that tiie 

chemical affinity to hpidic medium is a determinant factor in some chemicals in easing its 

penetration through the plant cuticle. In some instances, systemic activity and mobility in 

soil are reduced by soil water level, probably due to a strong hydrogen bonding of the 

compound to soil particles (Meikle and Christie, 1979). Insecticide-plant interactions have 

been correlated with soil texture (Boswell et al, 1955). Hacskaylo and Ranney (1961) 

found that cotton seedlings could be adversely affected by soil water content of 75% but 

with positive response at 50% of field capacity in sandy soil. They also concluded that 

high soil moisture level coupled with low temperature reduced or delayed cotton emergence 

in phorate-treated seeds. This occurrence was probably due to the limited gaseous 

exchange of the respiring seed, depleting oxygen uptake, a required element in relatively 

large amounts for oil production (Hacskaylo and Ranney, 1961). Low stand count in 

phorate-treated seed should not solely be attributed to negative effects of phorate but, rather 

to seed quality, inadequate soil temperature, and moisture level (Hacskaylo and Ranney, 

1961). 

Guthrie (1987) used Temik® in-furtow at planting to optimize nitrogen use efficiency 

in cotton by reducing early-season insect damage. He also reported findings of previous 

studies, positively cortelating pesticide application alone (chlordimeform) with yield 

enhancement, not due to insect control. However, his results did not verify these early 

reports. Chlordimeform did not impact the fruiting profile but flower and boll production 

responded positively during early bloom, with a slight trend in petiole nitrate level 

reduction (Guthrie, 1987). 

Studies abound on insecticide effects on arthropod pests and the subsequent 

enhancement of plant morphology and reproduction through alleviation of pest pressure. 

Environmental conditions cannot be fully controlled to properly assess the effects of 

pesticides on plant in field study, even though it is a common practice to investigate the 

effects of pesticide on plants by using the whole plant system, under field conditions. In 

most of the studies, herbicide metabolism was evaluated (Locke and Baron, 1972; Dusky et 

al., 1980; Oswald et al., 1978; Davis et al., 1977; Davis and Shimabukuro, 1980; Swisher 
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and Corbin, 1983; Zilkah and Gressel, 1977; and Zilkah et al., 1977). Swisher (1987) 

reported the use of plant cell culture to study pesticides over a period of two decades. 

Suspension culture technique is mostiy used compared to callus culture due to the ease 

of manipulation, greater homogeneity of the material, earlier detection of eventual toxicity 

and observation of stmctural modifications and changes associated with the compound 

under smdy (Swisher, 1987). In both techniques, variation in morphology, physiology 

and cytology of the specimens may be a function of culture conditions as suggested by 

Mumma and Hamilton (1979) and Mumma and Davidonis (1983). 

Enzyme activity and specificity responsible for the pesticide metabolism is not fully 

understood. However, reference to cell culture as a convenient source has been made 

(Larson and Lamoureux, 1984). Cell culture via callus induction and maintenance is a 

technique that can be used in most plant species as reported by Street (1973), Steward et al. 

(1964), and Zilkah et al.(1977). These authors also recognized the increasing use of the 

technique in pesticide metabolism as a result of its ease of implementation and as an adjunct 

to whole plant study in field or laboratory conditions. 

In whole plant bioassay studies, even though pesticide systemic activity permits the 

transport of the compound, one can easily fail to detect cortectiy the inherent phytotoxicity 

because of the eventual failure to penetrate into or translocate adequately in the plant 

(Swisher, 1987). The failure could be alleviated in callus or cell suspension cultures, 

although one weakness of the cell culture is the lack of fully functional photosystem found 

in some cells, and, therefore, estimation of phytotoxicity due to phytotoxic inhibitor 

compounds may not be assessed adequately, unless secondary sites of action are known 

(Swisher, 1987). This observation is not generalizable however, as indicated by the study 

of Oswald et al.(1978) of tolerant soybean cultivars treated with metribuzin herbicide in 

dark-grown cell suspension. Further studies in cell viability have been documented with 

photosynthesis inhibition reported as secondary effects of some herbicides such as 

paraquat, and diquat, on soybean and peanut (Davis and Shimabukuro, 1980). 

Growth measurement in cell culture to estimate cell production and vitality can be 

assessed by several methods. Fresh weight of calli produced and settied or packed cell 

volume are frequently used (Street, 1973; Davis et al., 1984). Cell count, dry weight, total 

protein or DNA and RNA content are other means of assessment, even though relatively 

less utilized. Street (1973) and Peel (1982) reported visual means by optical density 

measurements. The use of fluorescein permeability to cell membrane reduced in 

triphenyltetrazoliumchloride is also a rapid method in phytotoxicity evaluation (Zilkah and 

Gressel, 1978). 
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Dose response in pesticide metabolism smdies at cellular level is a function of the plant 

species, the compound involved, and the conditions in which tiie investigations are carried 

out (Davis and Shimabukuro, 1980, Mumma and Davidonis, 1983, and Feung et al., 

1971). The pesticide level should be chosen as an equivalent of tiiat commonly used in 

whole plant condition. Pesticide effects on the plant may, in some cases indirectiy reveal 

information about the cell culture's abihty to detoxify the product into secondary 

metabolites. This toxicification process could be affected in the presence of more than one 

operational metabolic patiiway (Swisher, 1987). 

The metabohsm of herbicide such as 2,4-D has been widely documented in cell culture 

(Feung et al., 1971, 1975 1976, 1978, and Davidonis et al., 1978). Results of these 

works showed the presence of three main pathways in the plant for the 2,4-D metabolism; 

ring hydroxylation and amino acid conjugation, mostly in soybean calh and in the whole 

plant system (Feung et al., 1978), and sugar ester production, mostly in com (Feung, 

1978) and rice (Feung, 1976). Swisher (1987) has provided several references on studies 

with other herbicides. 

There are few insecticide studies at the plant cell level compared with the plethora of 

herbicide work. Organochlorine insecticides such as DDT (Arjmand and Sandermann, 

1985, and Schell and Sandermann, 1977), aldrin and dieldrin (Brain and Lines, 1983), 

lindane (Stockigt and Ries, 1977), and some carbamates such as carbaryl (Locke et al., 

1976) have been studied. 

In the DDT studies, polar metabolites DDA [(2,2-bis-(4-chlorophenyl) acetic acid] and 

its methyl ester were produced. These metabolites could be important in reducing the 

bioaccumulation of the mother compound in the food chain. Carbaryl in tobacco 

suspension culmre was found metabolized into eight metabolites, including cholesterol 

derivative. The authors suspected the derivative to be a detoxifying agent in plants (Locke 

et al., 1976). Lindane metabolism in plant took a 12 to 289 day incubation period, with 

trace amounts of the chemical found afterward. 

Pesticide effect in plants, mainly insecticides, is not widely studied at the cellular level. 

Their effect in tiie field could be altered by several biotic and abiotic factors. The few 

smdies pubhshed indicate that pesticide metabolism in cell culture is quahtatively identical 

to that in the whole plant system, but rather different quantitatively. Cell culture can be 

used to evaluate insecticide effect and fate. Cell growtii stimulation or inhibition could be 

assessed via weighing, optical observation or other technical methods. 

However, less is known about these insecticide effects on the plant. In addition, due to 

the property of systemic insecticides, water plays an important role in their translocation. 
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In order to provide an adjunct to my two-year field study on cotton, a tissue culture 

experiment was conducted to evaluate the effect of different doses of systemic insecticides 

(organophosphate and carbamate) on cell growth. 

Overall, these studies were conducted to test three main hypotheses: 

(1) Systemic insecticides alter plant growth and reproduction potential; 

(2) Their activity is a function of rates applied and soil water content with reference to 

cotton; and 

(3) Plant response is not the result of insect control alone. 

Consequentiy, three objectives were targeted to: 

(1) Investigate the effects of certain systemic insecticides on plant growth, 

development, reproduction, yield and fiber quality of cotton under irrigated and dryland 

production systems; 

(2) Determine the relationship(s) among insecticides, production system and arthropod 

population dynamics; and 

(3) Evaluate the effects of systemic insecticides at cellular level using tissue culture 

cotton materials as an adjunct study. 



CHAPTER II 

MATERIALS AND METHODS 

Field studies were conducted on a 0.25ha Acuff clay sandy loam in 1989 and 1990 at 

the Erskine field research facihties of Texas Tech University, Lubbock, Texas, to evaluate 

the effects of systemic insecticides on cotton (Gossypium hirsutum L.) and arthropod 

populations under dryland and irrigated regimes. All-Tex Quickie certified seeds were 

planted in both years. In 1989, Treflan (44.5% Triflurahn) at 1.79L/ha preplant 

incorporation was made. In 1990, 580ml/ha of Caparol 4L was preplant incorporated in 

addition to a previous apphcation of Treflan at the same rate as 1989. In both years, a 

3.35cm preplanting irrigation was made. Planting was done on May 21 and May 25 in 

1989 and 1990, respectively, at a density of 182,500 plants per ha when the average soil 

temperature at the planting depth approximated the minimum ten-day mnning average 

recommended by the Texas Agriculture Extension (TAEX) of 18.5° C. Fertihzer 

apphcation was made for both years before planting and at mid-season according to the 

TAEX laboratory analysis results. 

A three replication randomized block design with a factorial artangement (Steel and 

Torrie, 1980; Littie and Hills, 1978) was utihzed. Blocking was made to minimize soil 

gradient. A treatment consisted of a given combination of one of three insecticides or an 

untreated control, and one of the two water regimes (dryland -rain fed only- or imgated). 

Irrigation was dictated by the Gypsum Block Resistance Meter (supplied by the High 

Plains Underground Water Conservation District No. 1, Lubbock, Texas). Three gypsum 

blocks were buried in the soil at depths of ca., 30, 60, and 90cm with the wires labelled 

according to depth and attached to stakes. The three different depths allowed better soil 

water profile readings. Resistance to an electrical curtent was measured with a resistance 

meter that translated directiy to soil moisture (Carver and Wyatt, 1985). The lead wires 

extending to soil surface from the gypsum blocks are inserted into a hand-held resistance 

meter, giving the soil moisture condition at each depth. This technique is recommended in 

less water-sensitive crops such as cotton (Risinger and Carver, 1986). 

Main plots consisted of the following four insecticide treatments applied side-dressed 

with a cahbrated Planet Junior: Aldicarb (temik 15G) at 3.95kg/ha, Phorate (Thimet 20G) 

at 1.71kg/ha, Carbofuran (Furadan 15G) at 7.54kg/ha and an untreated control. 

Sub-plots represented two different water regimes: dryland and irrigation. Treatments 

were separated by a 4-row buffer to minimize water movement. A treatment (a plot) was 6 

rows wide and 25 m long (Fig. 1, p. 44) and consisted of a combination of one insecticide 

13 
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apphcation or a control and one water regime. Only the two middle rows (3 and 4) of each 

plot were monitored. The two remaining rows in each side (1, 2, 5, and 6) were utilized as 

buffers between treatments. One-meter buffer was provided at the extremities of each plot. 

Two meter-wide alleys were made across the rows to delineate the study area and to 

provide easy access during the insect and plant monitoring period. In row 3 and 4 of each 

plot, a four-meter row was allocated for mapping and yield assessment, and was not 

disturbed during the plant or insect monitoring period. The rest of the plot (ca. 19m-row) 

was used during the plant monitoring including a destmctive leaf area sampling after plant 

emergence , and insect monitoring. 

Monitoring was made according to the number of days after emergence and number of 

degree days acummulated (DAE-DDA). Degree days accumulations were based on the 

National Weather data of the Lubbock weather station. Plants and insects were closely 

monitored weekly or whenever weather permitted using the Whole Plant Inspection Method 

(Allen et al., 1985) with the exception of aphid counts which were made by sampling three 

leaves per plant, one at each level (top, middle and bottom) and averaged. Monitoring was 

performed on randomly selected five plants per treatment. For plant growth, leaf area was 

measured for eventual early pest attack, i.e., thrips, and plant canopy cover. Destmctive 

sampling was made during the leaf area measurement. The plants were brought to the 

laboratory to determine the leaf area in cm^ using a Lambda LI. 30(X) leaf area meter. 

Height (cm), number of leaves, nodes (above the cotyledonary nodes), and branches were 

also counted and recorded. For plant reproduction, first squaring position (for earliness), 

number of squares, blooms, green healthy bolls, damaged bolls, open bolls and number of 

locks per boll were counted. Potential sites included any actual fmiting sites and scars as a 

result of mechanical or insect damage or natural shedding. 

Insect counts were of western flower thrips, (Frankliniella occidentahs (Pergande)), 

cotton aphids, (Aphis gossypii (Glover)), fleahoppers (Pseudatomoscelis seriatus 

(Renter)), Lygus spp., and bollworms, (Heliothis zea (Boddie)). Missing fruiting 

positions, damaged squares and bolls were also counted. 

Plant mapping was made in the two 5-m rows reserved for yield assessment by 

randomly selecting five plants per plot prior to harvest. The cotton was hand-harvested 

after plants reached physiological maturity on the two 4 m-rows reserved for yield 

assessment on November 19, and November 12 in 1989 and 1990, respectively. Yield 

measurements of rows 3 and 4 per plot were pooled before analysis and ginned at the 

Texas A&M Research and Extension Center at Lubbock, where lint weight (yield) was also 

determined. Fiber quahties such as micronaire, length and strength were determined by tiie 
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Texas Tech University Textile Research Center, Lubbock. Percent of gin tumout was also 
calculated. 

The adjunct laboratory smdy was conducted to study the effect of the systemic 

insecticides: aldicarb (Temik 15G), phorate (Thimet 20G), and carbofuran (Furadan 15G) 

on cotton cell growth in a control environment. One gram of cells from Cooker 312 

cultivar calh of the same age and growth condition were used per dish. 

Different label recommended pesticide rates (low, moderate and high) per hectare basis 

converted into laboratory rates were used in different MS media (three doses per 

insecticide) made according to standard tissue culmre laboratory practices at a pH of 5.8. 

The pesticide stocks were made first by dissolving 50mg of each compound in 50ml of 

absolute methanol under the fume hood . After the autoclaved media were cooled to ca 

40^C but not solidified, copious amounts of each chemical stock were placed in sterilized 

and labelled petri-dishes using syringes equiped with filter at the tip. The three chemicals at 

their three different rates were transferted from the petri-dishes by pipeting them into the 

nine MS media. 

For the three media reserved for aldicarb treatments, the levels were: 0.50, 1.00, and 

1.75ppm/dish (ca. 1.13, 2.25, and 3.96kg/ha. in the field); for the phorate treatments, 

0.25, 0.50, and 0.75ppm (ca. 0.56, 1.13, and 1.71kg/ha), and for carbofuran: 1.00, 2.00, 

and 3.35ppm (ca. 2.25, 4.54, and 7.54kg/ha). The final media and pesticide mixture were 

then shaken and poured into 36-50ml dishes, while the control MS media were poured into 

4-50ml dishes per rephcation, and allowed to solidify. One gram of cell was subsequently 

collected from the culture and spread uniformly onto the medium and sealed using parafihn 

stripes. 

A complete randomized design with factorial arrangement was used and comprised of a 

total of 48 dishes (three insecticides at three rates, one control, all rephcated four times) 

(Fig. 2, p. 45). Weekly visual and microscopic observations were made for 8 weeks to 

compare the treated cells with the untreated control by ranking the calli on the scale of 1 to 4 

according to their coloration to compare the phenological appearance of the cells in the 

different treatments. Rank -1 was interpreted as green (fully photosynthetic); Rank-2 as 

pale green (not fully photosynthetic); Rank-3 as shghtiy dark brown (slight inhibition) and 

Rank-4 as dark (complete inhibition). Contaminated dishes were removed 

The calli in the dishes were then removed, blot dried using filter paper and weighed 

using a Mettier PMIOO scale to determine the fresh weight of each sample. The samples 

were finally oven dried using a Blue M Single Wall Gravity Convection Oven at lO^C for 
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24 hours or until the samples were fully dried, prior to scaling to determine the final dry 

weight using the Mettier PMICX) scale. 

Analysis of variance (ANOVA) (SAS Instimte 1987) was performed on tiie parameters 

measured in the field and laboratory at 0.05 confidence level. When significant effect was 

found due to treatments, Duncan Multiple Range Test (Duncan, 1955) was performed for 

simple effect and interactions (Steel and Torrie, 1980; Littie and Hills, 1978). Plant 

mapping analysis and interpretation were also made using the Statistical Analysis System 

package (SAS). Visual ranking of the cell phenology (coloration) through weekly 

observation was reported. For the purpose of the field study, only insecticide application-

water regime combination will be emphasized. Additional results are provided in tables and 

graphs in the appendix (Tables A.1-A.33). 



CHAPTER m 

RESULTS AND DISCUSSION 

Wherever a significant difference was not found, trends are discussed. Peak 
production, and/or last monitoring data will be frequently referred to when discussing a 
given parameter in the field study. 

Arthropod Population 

Both years were characterized by a seemingly low arthropod number, based on the 
statistical analysis results. As a result, no significant effect was attributable to treatments. 
Therefore, results presented were discussed according to general trends observed 
(Tables 1-3). 

Insect pests 
Thrips 

Thrips activity was limited, considering the low number of insect population. In 1989, 

thrips were absent in all treatment combinations, except in the phorate-dryland and phorate 

irrigated plots. In 1990, comparatively higher thrips incidence was found in dryland-

control and dryland-carbofuran treatment combinations. Lower numbers were observed in 

dryland-aldicarb and phorate-irrigated plots. In general, irrigated plants, treated or 

untreated were visited less. These results indicated the preference of the pests to seemingly 

water-stressed plants as in the case of hot, dry and slow growing conditions prevailing 

mostly in early season (Table A.1), and usually coupled with the detrimental effect of sand 

blasting on the young unfolding leaves. In 1989, early season readings from DAE = 21 to 

DAE=42 showed a DDA value of ca. 555, compared to DDA of 905 in 1990, fh)m DAE = 

13 to DAE=40, with a higher DDA summation in a shorter time period (difference of 7 to 9 

days). 

Fleahoppers 
In general, dryland-insecticide free plants harbored relatively more fleahoppers tiian tiie 

irrigated and treated plants. Their number was not relative to eitiier dryland-aldicarb or 

irrigated untreated combinations. Comparatively, carbofuran in dryland plots was less 

efficient in conti-olling fleahopper presence; tiie same observation was made in tiie 

control-dryland and control-urigated plants. Fleahopper counts were not made in 1990 due 

to the extremely low number in all the monitoring periods. 
17 
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Aphids 

Aphids were more abundant in 1990 than in 1989. In both years, ti-ends showed that 

phorate apphcation in urigated plants was more efficient. A general observation also 

showed tiiat, with the exception of the irrigated untreated plots in 1990, that aphid 

populations were more abundant in dryland plots with or without insecticide application. 

Among the dryland treatments, aldicarb applications gave a relatively better control of 

the aphid population (11.1/leaf), whereas plants in the dryland-insecticide free plots 

showed higher infestation level; the same observation was made within the dryland 

untreated plots. Therefore, there could be a relative control effect attributable to pesticide 

apphcation, but not effective to justify the control implemented. In 1989, a general trend 

indicated lower aphid numbers in untreated dryland and irrigated plants. 

Bollworms 

This pest was almost non-existent in 1989. The only presence recorded was in 

aldicarb-irrigated and phorate-dryland plants. In 1990, plants in phorate-irrigated plots did 

not harbor any bollworms. There was no distinction among the other remaining treatment 

combinations; all having an equal number of bollworms. 

Beneficial arthropods 

The low number of predators in 1989 dictated the pooling of the sampling periods in 

order to quantify the data. With the exception of the aldicarb-dryland combination, there 

was a definite tendency to greater predator numbers in the irrigated-insecticide treated 

combination. The higher number of aphids found in the irrigated regimes, could probably 

explain the subsequent higher number of predators, in these treatments, specifically 

Chrysopa spp., lacewings, one of the key-predators of aphids, among other ones such as 

Hippodamia spp., ladybird beeties, and spiders as shown in 1990 (Table 3). 

On a per predator group basis, Hippodamia spp. was more prolific in aldicarb-irrigated 

plants and in untreated-irrigated plants. In both years, the phorate-irrigated treatment was 

more detrimental to Chrysopa spp. populations, probably due to the low number of aphids 

found in this treatment combination. However, when phorate was apphed without water 

supplement, aphid buildup was relatively favored in both years, resulting in a concomitant 

lacewing buildup. Plants in either aldicarb-irrigated or dryland and plants in either 

contiol-irrigated or control-dryland were less visited by spiders and other secondary 

predators. A relatively higher number of the latter was found in treatment combinations 
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with phorate-irrigated or phorate-dryland and with carbofuran-irrigated or carbofuran-

dryland treatments (Table 3). 

Plant Growth 

Height 

With the exception of the counts at days after emergence and degree day accumulation 

(DAE-DDA) of 35-414 in 1989, insecticide treatment and water regime combinations did 

not have an effect on plant height at any samphng period in both years. The significant 

effect at 35-414 period indicated that overall, plants receiving insecticides and water have 

the highest values with carbofuran treated ones the tallest (12.87cm), and the control 

irrigated being the shortest (11.87). Plants in the phorate-dryland treatments produced 

taller plants (11.23cm) compared with the shorter plants produced in the carbofuran-

dryland plants (10.37cm). At tiie last period of 70-930 DAE-DDA, aldicarb-irrigated plants 

recorded the highest values compared with the shortest plants (39.73cm) produced in the 

untreated-irrigated plots; the same trend was found in the dryland-treated plants. 

In 1990, trends showed that irrigated and non-irrigated plots receiving aldicarb 

application had the tallest plants (86.27cm and 73.60, respectively). In both years, plants 

in the dryland plots even though with the same insecticide schedule remained the shortest 

(Table 4). 

Number of nodes 

This parameter was significantly affected only at the first sampling period of 57-774 in 

1989. Plants in carbofuran-irrigated plots produced more nodes (9.97/plt). Insecticide 

contribution to node number was determinant as shown by the lowest number of nodes 

recorded in irrigated plants receiving no insecticide application (8.40/plt.). The last 

sampling period in 1989 (118-1371) however showed trends contradicting the previous 

observation. Plants grown on dryland and without any insecticide treatment produced 

relatively more nodes (17.33/plt.), followed by irrigated plants with no application 

(17.07/pk.) (Table 5). In 1990, on the final count at 54-1047, the phorate-urigated plants 

had a greater number of nodes (14.40 nodes/pit.); the control with no insecticide 

application having less nodes per plant (Table 5). 



Number of branches 

In both years, the only significant response to the treatment combination was found in 

1989 at 84-1161, where plants with no water supplement or insecticide application had the 

higher branch number. Their values however, did not differ from the plants in irrigated 

plots treated with either aldicarb (11.40/plt/) or non treated (11.37). In the final count in 

1989, trends showed relatively more branches in the dryland and insecticide-free plants 

(11.87/plt.). 

In 1990, general trends indicated more branches associated with plants that were 

insecticide treated and watered; phorate and aldicarb irrigated plants having the relatively 

higher number of branches. Fewer branches were produced in the dryland plots with 

carbofuran treatment and in the untreated control (Table 6). 

Number of leaves 

Insecticide-water combination had no effect on the number of leaves produced. Both 

years had a short sampling period and could be one reason for this fact. All treatments had 

the same water level after planting and that effect due to water in the presence of the 

insecticides could not be discemed during the short sampling period. 

In 1989, untreated-irrigated plants and aldicarb-irrigated plants had relatively more 

leaves, whereas plants treated with phorate in the dryland regime were less prolific. In 

1990, trends were obvious in showing more leaf production in the insecticide-water 

combination treatments. Furadan-irrigated plants were more vegetative than aldicarb treated 

plants in dryland (Table 7). 

Leaf area 

Treatment effect was found in 1989 only. At DAE-DDA of 42-555, irrigated plots 

receiving aldicarb application produced significantly higher leaf area (143.67cm2/plt.) 

(Table 8). With the exception of the untreated-irrigated treatments that yielded the second 

best leaf area value, all other treatment combinations had a detrimental effect. In general, 

insecticide treated plants in the dryland regime produced a lower level of canopy cover. 

In 1990, no significant effect was noticed (Table 8). Trends showed a more positive 

response in plants receiving insecticide application and water supplement. The least leaf 

area produced was found in plants treated with aldicarb in the dryland system. 
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Visual observation 

In the laboratory study, although technical procedures exist in ceU culture for pesticide 

metabohsm and toxicity study, no standard metiiod of screening for comparing rate of 

metabolism in plant is available, except a few such as the screening technique used for 

soybean and wheat (Schuphan et al., 1984; and Ebing et al., 1984). Visual ranking and 

statistical analysis data are shown in Table 9, and Fig. 3, respectively. 

Cells cultured in treatments receiving 1.13kg/ha of aldicarb or phorate, 4.54kg of 

carbofuran or no insecticide at all, had a greener, more photosynthetic appearance (Rank-

1). When the aldicarb amount was doubled, cells appeared pale and greenish, suggesting 

some phenological and physiological modification (Rank-2). Cell deterioration was 

gradual in cultures treated with 1.71kg/ha, the highest rate of phorate or with 7.54kg/ha, 

the highest rate for carbofuran (Rank-3). At the highest level of aldicarb, ca. 3.96kg/ha, 

microscopic observation showed most of the cells with dark brown cytoplasm (Rank -4), 

possibly due to high concentration of phenolic compounds, resulting in phytotoxicity. In 

their study of paraquat and diquat on soybean, Davis and Shimabukuro (1980) suggested 

the presence of photosynthetic inhibitor activity, probably resulting from the breakdown of 

plant cells responsible for photosynthesis (Ware, 1989). 

In addition, a slight difference between cells at different layers in the same dish was 

found. Cells in closer contact with the treated medium were darker in coloration than the 

ones on the upper layer. I suspect either a difference in light amount received to carry out 

photosynthesis, or a filtering effect of the cells, rendering the compound less active in the 

upper cell layer while more potent at the closer proximity to the cells. This trend has been 

reported by Swisher (1987) in addition to the difficulty in accurately assessing the pesticide 

toxicity when considering the possible lack of fully functional photosystem and/or the 

presence of secondary sites of action in some cells. This occurtence presented one 

drawback of callus culture, ca. less homogeneous, compared to liquid suspension cukure 

(Swisher, 1987). 

The highly photosynthetic appearance of the cells treated with 1.13kg/ha of phorate and 

cells treated with 4.54kg/ha of carbofuran, resulting in more fresh weight produced, 

supported the findings of Venugopal and Listinger (1984) who reported enhanced 

photosynthesis on rice due to carbofuran treatment, but without specifying the amount of 

chemical used. Untt-eated cells, had a healthy green coloration (Rank-1) with no dark 

coloration inside the cytoplasmic region when observed under microscope. 
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Fresh weight production 

The analysis of fresh weight expressed as the amount of cell produced in grams from 

an initial one gram of cells under different pesticide application rate cortoborated the visual 

ranking conclusion. 

A significant difference in fresh weight produced was observed (Fig. 3a). Phorate at 

the moderate amount of 1.13kg/ha yielded significantly more than the other treatments 

(11.06grs.), except the lowest aldicarb rate of 1.13kg/ha. Carbofuran at 4.54kg/ha had the 

same effect as aldicarb at 1.13kg/ha (8.65grs.) and did not differ from phorate treatments at 

0.56kg/ha (7.43grs.). Cells receiving 2.25kg/ha of carbofuran, 1.71kg/ha of phorate and 

the untreated check produced statistically the same amount of fresh weight with tiends 

favoring carbofuran, followed by phorate and control, respectively. Davis and 

Shimabukuro (1980) associated pesticide metabohsm to plant species, pesticide and rate 

applied as previously stated by Feung et al. (1971). Their findings supported by Mumma 

and Davidonis (1983) were also verified in my study. There was no significant difference 

between carbofuran at the lowest and highest rates. 

In general, the highest rate of any of the pesticides studied showed a detrimental effect 

on cell proliferation, with more inhibitory effect found at the highest level of aldicarb 

application. In addition, where no insecticide was applied, fresh weight production was 

limited (Fig. 3a). 

Dry matter accumulation 

Distinctive, significant effects were observed in fresh weight production as a function 

of different pesticide rates. However, the results in the dry weight analysis did not reflect 

clear cut differences (Fig. 3b). 

Dry weight was significantly affected by insecticide treatments, much more between 

insecticides than between rates within insecticides. Among all, the lowest rate of aldicarb, 

ca. 1.13kg/ha, phorate at all three levels, and carbofuran at moderate and lowest rates were 

not significantly different. However, trends indicated jelatively more dry weight 

accumulation at the lowest aldicarb rate. 

The moderate and highest rates of aldicarb, i.e., 2.25kg/ha and 3.96kg/ha, respectively, 

yielded the least dry matter production as the result of severe phytotoxicity as observed also 

in the visual observation, the amount of fresh weight produced, and ranking. Excess 

presence of phenolic compounds in the cell cytoplasm were suspected. Carbofuran at the 

highest rate had also a negative effect on final dry weight, probably because of dead 
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cells related to tiie pesticide toxicity (rank = 3). Cells receiving no insecticide treatment 

were not prolific. 

During the visual observation, the untreated cells had the same high rank as for 

photosynthesis and phenology. However, cell production in this treatment was not prohfic 

in either the fresh weight measurement or in the oven dried ones. This finding suggests a 

dose response associated with pesticide application at the cellular level; furthermore, 

treatment effect could not be the result of unconn-olled factors such as the ones found in the 

field. 

The concem about dose response being a function of conditions in which the 

investigation is carried out, and plant species, as reported previously, is not cmcial in the 

present smdy due to the more controlled study environment and the commonness of cotton 

cultivar used. The compound involved and the application rates were highly determinant. 

Determination of the main metabolites of the compounds and the mechanism involved in the 

different cell responses needs to be investigated. The results would help in choosing or 

manufacmring novel cotton cultivars less vulnerable to the toxic effect. Cell response to the 

insecticide by stimulation or inhibition could either be via rate of ceU growth, elongation, 

reduction or increase of size or their combination. Consideration of these factors would be 

appropriate in future studies. Cell membranes act as barriers to protect the different 

organelles within the cytoplasm. The behavior of these membranes in the presence of 

systemic pesticides could further explain the results reported herein. 

Plant Reproduction 

First fmiting position 

The insecticide application-water regime combinations had a significant effect on 

earhness in 1989. Plants receiving aldicarb and irrigation set their fkst fruiting sites lower 

at 4.90 node. No difference was found between the second best treatments (i.e. the 

irrigated, untreated plants), phorate-irrigated and non irrigated, carbofuran-dryland, and the 

untreated-dryland treatments. Carbofuran treated and irrigated, aldicarb with no krigation, 

and phorate irrigated plants did not significantly differ in setting late thek first fmiting sites. 

In 1990, no treatment combination produced a significant effect on earliness. Trends 

showed relative earliness in plants grown in krigated plants with or without insecticide 

application. Plants treated with phorate in dryland set their first fmiting site relatively 

higher at node 6.6, whereas plants in the aldicarb-krigated treatments initiated fmiting 

earher at node 5.1. The same occurtence was observed in 1989 in the krigated-aldicarb 

treated plots (Table 10). 
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Number of squares set 

At 57-774, the treatment combination had a significant effect on square production. 

The highest square number was produced in the aldicarb-krigated tt-eatments, compared 

with the lowest amount of squares produced in the unft-eated but irrigated plants,the 

aldicarb-dryland and phorate-dryland treatments . At peak square production of 70-930 

DAE-DDA, a statistical difference was not found; however, plants in aldicarb-krigated 

treatments produced more squares (21.00/plt) than plants in untreated but krigated 

treatments. 

The last monitoring period at 82-1372 in 1990 was the only date where significant 

differences were found. Plants in aldicarb-irrigated and phorate-irrigated treatments, 

produced significantiy the same amount of squares. Plants in aldicarb, carbofuran and 

untreated-dryland treatments resulted in plants with fewer squares (Table 10). 

Number of green bolls 

Significant treatment effect was not found in 1989. However, at peak of green boll 

production (111-1351), aldicarb-irrigated plants had more bolls (19.90/plt.) than plants in 

the other treatments. This observation was true throughout the sampling period, and was 

similar to the trend found in the square production pattem. Untreated plants produced 

fewer bolls (11.03/plt.). 

In 1990, the only significant difference was found at the final count at peak boll 

production of 89-1489. Aldicarb treated and irrigated plants again had the largest number 

of green bolls per plant (26.40). All other treatments seemed detrimental as compared to 

the insecticide-free but irrigated plants (19.73/plt.). Dryland carbofuran-treated plots and 

dryland plots with no insecticide treatment had plants with the least number of bolls per 

plant (12.07 and 11.27/plt. respectively) (Table 11). 

Number of open bolls 

In general, the treatment combinations did not reflect a clear separation on the parameter 

measured, even though significance was found in 1989 at 125-1397. On the last sampling 

period at peak production of 139-1437, krigated plants with no insecticide application and 

aldicarb treated and non-krigated plants produced more open bolls with no statistical 

difference compared with the other treatment combinations. In 1989, phorate application 

with and without water supplement produced less open bolls at peak production of 139-

1437. 
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During the 1990 study, significant treatment effect was not observed. Overall, 

relatively more boUs were produced per plant in 1990 than in 1989. Plants in the phorate-

irrigated, and carbofuran-krigated treatments had a more positive trend in open boll 

production (10.53 and 10.00/pk.) in 1990. This occurtence could be due to the more 

favorable weather conditions, coupled with higher rainfall, longer growing season, and 

more DDA in 1990 (Table 12). 

Number of locks per boll 

In both years, final count taken at the last sampling date (139-1437 in 1989, and 145-

1929 in 1990) for number of open bolls showed no treatment difference in the number of 

locks per boll. However, in 1989, trends favored dryland plants with carbofuran 

application (5.00/boll), whereas the dryland aldicarb-treated plants had fewer locks per 

boll. In 1990, irrigated plants with no insecticide apphcation produced bolls with more 

locks, averaging 4.90/boll. Plants in dryland phorate treatment had less locks per boll 

(4.49) (Table 13). 

Plant Mapping 

Results reported here were obtained from a one-time sampling prior to harvesting. A 

sample was made of 15 plants (5plts./plot/rep.) and modeled into a typical plant for a given 

treatment. Horizon or stratum was interchangeably used to denote the three plant spheres, 

each comprised of three fmiting branches. Apical branches above the 9th branch were 

excluded to minimize variation due to indeterminate plant growth and developmental 

characteristics. Results are illustrated on Tables 14 and 15, and Figures 4-8. 

Aldicarb 

Dryland 

The fkst fruiting position was set at node 6.1. Open bolls distribution was mostiy 

located in the basal stratum (horizon 1) with 45%. The intermediate stratum (horizon 2) 

contributed 37% and only 18% on horizon 3 (Table 15). Boh set was limited to the fu-st 

three fmiting sites of most sympodial branches, with the sites closest to the monopodial 

branches usuaUy producing the highest number of open bolls. 
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Irrigation 

Compared to the non-irrigated ti-eatment, the first fruiting position was set at node 5.1, 

indicating more earhness, by shortening the vegetative stage by one node. Furthermore, a 

contiasting plant architecture between the two treatments. Aldicarb irrigated plants had a 

wider basal span and a heavier boll set. In some cases, boll set was found at the fourth or 

fifth sites m the sympodial branches, mainly in horizon 1. Boll production was higher in 

sites adjacent to the main stem as in plants grown in aldicarb dryland treatment. 

Disttibution of open bolls indicated contribution of 41, 36, and 23% in horizon 1, 2, and 3, 

respectively. Plants in aldicarb-krigated plots produced more open bolls in the upper 

horizon than the ones in aldicarb-dryland plots. The final number of open boUs per plant 

was higher in the aldicarb-krigated treatments (10.1 vs. 8.5) (Table 15). 

Phorate 

Dryland 

The fkst fmiting site in this treatment was located at 6.6 node, allowing to conclude that 

longer vegetative growth was associated with phorate applied without the water 

supplement. In general, observation indicated more bolls frequently associated with the 

fruiting sites with closer vicinity of the main stem. Horizon 2 produced a slightly higher 

number of open bolls than horizon 1 and 3. More fruiting sites were found in this 

treatment compared with the aldicarb-dryland one. 

Irrigation 

Reproductive stage was initiated almost one node earlier than in the dryland treatment 

(5.7 vs. 6.6). Even though with less fruiting sites and narrower plant architecture, final 

open boll production was higher than in phorate-dryland. More bolls were found in the 

basal horizon 44.4%, compared to 36.4 and 19.2% for horizon 2 and 3, respectively. The 

higher boll production in the phorate-krigated plots compared to the dryland one was 

mainly attributable to the higher boh retention in its horizon 1. 

Carbofuran 

Dryland 

Emit setting was initiated at node 6.1, the same position as in aldicarb-dryland 

treatments. Horizon 2 contributed the most to the total number of open bolls produced, 

with 42%, compared to 34 and 24% on horizon 1 and 3, respectively. In this treatment, 

the late bolls produced in the upper horizon (3) had the ability to mature and produce more 
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bolls tiian any other similar stratum in the different treatments. When considering the total 

number of open bolls produced, carbofuran dryland and phorate-krigated treatments 

yielded tiie same number of boUs, but with different boll disttibution between horizons and 

fmiting site initiation. 

Irrigation 

This ti-eatment had the second earliest fruiting period (5.4) after aldicarb-krigated (5.1) 

and the highest number of open bolls of all (10.46/plt.). Horizons 1 and 2 contributed 

equally to yield (40%), while horizon (3) was half the amount (20%). 

Control 

Dryland 

As with carbofuran-irrigated plants, horizon 1 and 2 had the same contribution to the 

final number of open bolls, doubling the yield in the upper horizon (40% vs. 20%). 

Irrigation 

Water regimes did not affect open boll production as indicated by the relatively similar 

trend found in dryland control treatments. However, the lowest horizon was more 

contributive to the final number of harvested bolls with 42% compared to 37 and 21% in 

horizons 2 and 3, respectively. 

Lint production and fiber quality 

Lint production 

In both years, among all parameters measured, the only significant difference was 

found in yield assessment in 1989 where untreated but watered plots, carbofuran irrigated 

and phorate krigated plants yielded significantly more lint than the other treatment 

combinations (864.24, 851.51 and 712.21 kg/ha, respectively (Table 16)). In general, 

when plants were treated with insecticide applications without water supplement, yield was 

significantly reduced. 

In 1990, a significant treatment effect was observed. Plants receiving phorate or 

carbofuran application and water supplement yielded significantiy higher than the plants in 

other tt-eatments (1,039.13 and l,002.73kg/ha, respectively (Table 17)). This difference 

was not found between the two higher yielding treatments; however, the trend was more 

favorable for phorate tiian carbofuran. No difference was found between the other 

treatments. Plots receiving krigation regime and insecticide application had plants with 
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relatively higher lint production. Consequentiy, insecticide applications alone without 

water supplement did reflect a negative relation with lint production (Table 17). 

These results did not support recent studies (Rhone-Poulenc, 1991) showing a positive 

yield increase in most of the tests conducted with Temik®. Furthermore, tiiey did not find 

any significant difference on earliness due to Temik® applications, contrary to this present 

study. However, in either case, fiber quality was not affected. Different growing 

conditions and chmatic factors could be the reason for this occurtence. 

Micronake index 

No significant effect was found in either years. Trends indicated in 1989 a relatively 

higher micronaire value in dryland plots treated with carbofuran (3.57) and lower a value in 

the phorate irrigated plots (3.01) (Table 16). In 1990, carbofuran irrigated plants produced 

fiber with higher micronake value (3.73), and lower value in the aldicarb irrigated plants 

(3.20) (Table 17). 

Fiber length 

In 1989, trends indicated longer fiber in phorate irrigated plants (2.67cm), whereas 

aldicarb treated plants in dryland produced shorter fiber (2.61) (Table 16). In 1990, a 

reverse trend showed longer fiber in dryland-aldicarb treatment (2.69cm). Shorter fiber 

was produced in dryland plots treated with carbofuran. Trends differed from 1989 except 

for results in dryland-phorate treatments (Table 17). 

Fiber strength 

Both years had a generaUy similar pattem with stronger fiber found in dryland aldicarb 

tieated plants (24.33grams/tex, and 26.33 in 1989 and 1990, respectively). In 1989, 

control-irrigated plants or with carbofuran application produced low strength values 

(23.(X)) (Table 16); in 1990, carbofuran application either in dryland or irrigated systems 

had lower strength values of 24.33 (Table 17). 

Percent of gin tumout 

Relatively higher tumout was associated with aldicarb-irrigated plants and lower 

tumout with dryland-aldicarb in 1989 (Table 16). Untreated but krigated plots in 1990 had 

more tumout, and dryland-untt-eated plots had less tumout (Table 17). 
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Table 1. Effect of insecticide tt-eatment and water regime combinations on insect pest 
and beneficial arthropod number per plant, 1989. Dry. = Dyland, 
Irrig.= Irrigation. 

Thrips Fleahopper Aphids BoUowrms Beneficial 

Treatments Dry. Irrig. Dry. Irrig. Dry. Irrig. Dry. Irrig. Dry. Irrig. 

Aldicarb 0.0 0.0 0.2 0.2 2.9 4.6 0.0 0.2 0.9 0.3 

Phorate 0.1 0.1 0.1 0.1 6.5 3.9 0.1 0.0 0.4 0.9 

Carbofuran 0.0 0.0 0.2 0.1 6.4 5.7 0.0 0.0 0.3 0.6 

Contiol 0.0 0.0 0.3 0.1 4.8 3.8 0.0 0.0 0.4 0.8 

Means in each arthropod group in dryland or irrigated regimes are not significantly 
different. D.M.R.T. P < 0.05. 

Table 2. Effect of insecticide treatment and water regime combinations on insect pest 
number per plant, 1990. Dry. = Dryland, Irrig. = Irrigation. 

Treatments 

Aldicarb 

Phorate 

Carbofuran 

Control 

Dry. 

0.8 

1.1 

1.3 

1.3 

Thrips 

Irrig. 

1.1 

0.8 

0.9 

1.0 

Aphids 

Dry. 

11.1 

32.2 

31.7 

41.8 

Irrig. 

17.7 

7.4 

22.6 

102.6 

Bollowrms 

Dry. 

0.1 

0.1 

0.1 

0.1 

Irrig. 

0.1 

0.0 

0.1 

0.1 

Means m each arthropod group in dryland or krigated regimes are not significantly 
different. D.M.R.T. P < 0.05. 
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Table 3. Effect of insecticide tt-eatment and water regime combinations on beneficial 
arhtt-opod number per plant, 1990. Dry. = Dryland, krig. = Irrigation. 

Treatoients 

Aldicarb 

Phorate 

Carbofuran 

Control 

Lady bkd 

Dry. Irrig. 

0.1 

0.1 

0.1 

0.1 

0.2 

0.1 

0.1 

0.2 

Lacewing 

Dry. Irrig. 

0.6 

0.8 

0.7 

0.5 

0.6 

0.4 

0.8 

0.8 

Nabis 

Dry. 

0.1 

0.0 

0.0 

0.0 

Irrig. 

0.0 

0.0 

0.0 

0.0 

Spid 

Dry. 

0.1 

0.2 

0.2 

0.1 

er/other 

Irrig. 

0.1 

0.2 

0.2 

0.1 

Means in each arthropod group in dryland or krigated regimes are not significantly 
different. D.M.R.T. P < 0.05. 

Table 4. Effect of insecticide treatment and water regime combinations on plant height (cm) 
at different Days After Emergence and Degree-Days Accumulation (DAE-DDA), 
1989 and 1990. 0 = Dryland. 1 = Irrigated. 

DAE-DDA 1989 DAE-DDA 1990 

Treatoients 21-220 35-414 42-555 70-930 68-1184 82-1372 89-1489 

TemikO 7.07 10.97f 14.60 37.50 34.73 58.40 73.60 

PhorateO 6.70 11.23e 14.53 33.77 38.00 60.47 69.73 

FuradanO 6.78 10.37g 14.20 36.53 34.93 57.93 68.13 

Contt-olO 6.87 11.03f 14.97 31.97 35.40 54.53 65.26 

TemUcl 6.90 12.63b 16.47 47.23 56.60 79.53 86.27 

Phoratel 7.07 12.11c 15.70 43.07 52.67 76.80 76.53 

Furadanl 6.90 12.87a 14.53 41.03 53.87 81.27 84.93 

Contioll 6.33 11.87c 16.20 39.73 48.47 73.73 79.00 

Means in the same column followed by the same letter(s) are not significantiy different. 
DMRT. P<0.05. 
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Table 5. Effect of insecticide treatment and water regime combinations on number of nodes 
per plant at different Days After Emergence and Degree-Days Accumulation 
(DAE-DDA), 1989 and 1990. 0 = Dryland. 1 = Inigated. 

DAE-DDA 1989 DAE-DDA 1990 

Treatoients 57-774 70-930 84-1161 118-1371 33-778 40-905 47-971 54-1047 

TemikO 8.60c 11.87 14.53 15.87 8.07 8.73 11.80 13.00 

PhorateO 8.57c 11.33 14.00 15.67 7.80 9.13 12.13 12.93 

7.60 9.33 11.87 13.13 

7.73 9.07 11.60 12.67 

8.07 9.87 12.53 13.87 

9.13 9.60 12.07 14.40 

8.00 9.87 12.60 13.87 

8.53 9.00 11.67 13.20 

Means in tiie same column foUowed by the same letter(s) are not significantly different. 
D.M.R.T. 
P < 0.05. 

FuradanO 

ContiolO 

Temik 1 

Phoratel 

Furadanl 

Contt-oU 

9.13b 

9.33b 

9.87a 

8.60c 

9.97a 

8.40c 

11.73 

11.37 

12.57 

12.83 

12.13 

12.13 

15.07 

14.87 

15.40 

14.43 

14.73 

15.73 

15.67 

17.33 

16.80 

16.00 

16.13 

17.07 
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Table 6. Effect of insecticide tt-eatment and water regime combmations on the number of 
branches at different Days After Emergence and Degree-Days Accumulation 
(DAE-DDA), 1989 and 1990. 0 = Dryland. 1 = krigated. 

DAE-DDA 1989 DAE-DDA 1990 

Treattnents 57-774 70-930 84-1161 118-1371 68-1184 82-1372 

TemUcO 3.17 7.37 11.27b 10.47 12.40 18.27 

PhorateO 3.00 6.10 9.20d 9.40 13.13 18.33 

FuradanO 3.13 7.10 11.97a 9.40 12.40 17.53 

Contt-olO 3.36 6.10 10.10c 11.87 12.67 17.40 

Temikl 4.27 8.90 11.40ab 11.73 15.07 19.93 

Phoratel 2.97 7.90 11.00b 10.33 12.87 20.00 

Furadanl 3.43 6.93 11.10b 11.33 14.00 19.33 

Contioll 3.10 7.63 11.37ab 11.33 12.93 18.20 

Means in the same column foUowed by the same letter(s) are not significantly different. 
DMRT. P<0.05. 
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Table 7. Effect of insecticide tt-eatoient and water regime combmations on the number of 
leaves at different Days After Emergence and Degree-Days Accumulation (DAE-
DDA), 1989 and 1990. 0 = Dryland. 1 = Irrigated. 

Treatments 

TemikO 

PhorateO 

FuradanO 

ContiolO 

Temikl 

21-220 

1.93 

1.90 

1.90 

2.17 

2.03 

DAE-DDA 1989 

29-313 

3.50 

3.70 

4.43 

4.27 

4.30 

35-414 

6.87 

5.93 

6.20 

5.87 

6.46 

42-555 

8.33 

7.47 

9.00 

8.40 

9.97 

13-349 

2.33 

2.20 

2.20 

2.27 

2.27 

DAE-DDA 1990 

19-488 

4.47 

4.13 

3.80 

4.13 

4.20 

26-630 

5.53 

5.73 

5.93 

5.70 

5.47 

33-778 

8.87 

9.00 

9.07 

9.27 

9.87 

Phoratel 1.90 3.73 5.86 8.87 2.33 4.13 5.87 10.47 

Furadanl 1.90 3.83 6.23 8.13 2.20 3.80 5.67 10.60 

Contioll 2.13 4.30 6.30 10.23 2.40 4.27 5.33 10.07 

Means in the same column followed by the same letter(s) are not significantly different. 
D.M.R.T. P<0 .05 
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Table 8. Effect of insecticide tteatment and water regime combinations on leaf area (cm^) 
at different Days After Emergence and Degree-Days Accumulation (DAE-DDA), 
1989 and 1990. 0 = Dryland. 1 = Irrigated. 

DAE-DDA 1989 DAE-DDA 1990 

Treattnents 21-220 29-313 35^14 42-555 13-349 19^88 26-630 33-778 

TemUcO 7.23 29.17 50.53 93.37ef 7.27 28.05 40.50 96.31 

PhorateO 6.77 23.03 49.87 79.87g 7.23 28.70 45.21 100.14 

FuradanO 6.60 32.04 42.10 85.97g 8.17 22.84 42.21 100.63 

ContiolO 7.13 23.33 47.37 103.03d 8.44 25.70 37.77 109.70 

Temikl 8.10 32.50 66.20 143.67a 7.11 28.67 41.32 122.03 

Phoratel 9.23 29.77 55.90 118.00c 10.50 25.26 43.02 139.89 

Furadanl 6.93 24.67 54.83 95.23e 8.37 25.07 49.26 123.60 

Contioll 6.46 32.63 50.07 132.67b 7.53 23.41 31.40 115.99 

Means in the same column followed by the same letter(s) are not significantly different. 
D.M.R.T. P<0 .05 
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Table 9. Effect of systemic insecticides applied at different rates on cell appearance 
(visual) ranking from an initial Igr. of cell culmre per tteatoient. 

Insecticide Rates Visual Rank* 

Aldicarb 

0.50ppm(1.13kg/ha) 1 

l.Oppm (2.25kg/ha) 2 

1.75ppm (3.96kg/ha) 4 

Phorate 

0.25ppm (0.56kg/ha) 2 

0.50ppm (1.13kg/ha) 1 

0.75ppm(1.71kg/ha) 3 

Carbofuran 

l.OOppm (2.25kg/ha) 2 

2.00ppm (4.54kg/ha) 1 

3.35ppm (7.54kg/ha) 3 

Contt-ol 1 

* 1 = Green cells (fully photosynthetic); 2 = Pale green (moderately photosynthetic); 
3 = Slightiy dark brown (slight inhibition; 4 = dark (complete inhibition) 
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Table 10. Effect of insecticide tieatment and water regime combinations on first fmiting 
position and square setting per plant at different Day After Emergence and 
Degree Day Accumulation (DAE-DDA), 1989 and 1990. 0 = Dryland. 
1 = Irrigated. 

1989 1990 

Treatments First Squares set at DAE-DDA of First Squares set at DAE-DDA of 
Fruiting Fruiting 
Position 42-555 57-774 70-930 Position 40-905 54-1047 82-1372 

AldicarbO 5.67 a 1.73 

PhorateO 

CarbofuranO 5.40b 1.87 

ContiolO 5.43b 2.53 

Phoratel 5.50ab 1.77 

Carbofuranl 5.67a 1.97 

Contioll 5.37b 2.47 

7.23c 14.60 5.33 6.80 16.40 17.33e 

5.37b 1.30 7.37c 12.00 6.20 6.20 14.46 25.20cd 

8.73b 13.97 5.73 7.40 15.27 19.87de 

8.57b 11.00 6.13 5.53 14.00 21.27de 

Aldicarbl 4.90c 2.97 10.13a 21.00 

8.67b 19.40 

9.07b 17.20 

7.17c 16.16 

5.87 7.47 20.07 37.07a 

6.00 7.47 22.13 34.60ab 

5.43 9.00 17.80 32.27ab 

5.47 5.53 16.47 28.20bc 

Means in the same column followed by the same letter(s) are not significantiy different. 
D.M.R.T. P<0 .05 
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Table 11. Effect of insecticide tteatment and water regime combinations on the number of 
green bolls per plant at different Days After Emergence and Degree-Days 
Accumulation (DAE-DDA), 1989 and 1990. 0 = Dryland. 1 = krigated. 

Treatments 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

DAE-DDA 1989 

84-1161 

9.50 

6.60 

7.97 

6.50 

11.20 

7.17 

10.17 

10.37 

111-1351 

12.40 

12.40 

12.30 

11.03 

19.90 

15.67 

15.27 

13.70 

DAE-DDA 1990 

68-1184 

2.93 

2.60 

2.27 

2.13 

3.27 

3.13 

4.07 

1.33 

89-1489 

14.67c 

15.67c 

12.07d 

11.27d 

26.40a 

17.07c 

16.33c 

19.73b 

Means in the same column followed by the same letter(s) are not significantly different. 
D.M.R.T. P<0 .05 
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Table 12. Effect of insecticide tteatment and water regime combinations on the number of 

open bolls per plant at different Days After Emergence and Degree-Days 
Accumulation (DAE-DDA), 1989 and 1990. 0 = Dryland. 1 = krigated. 

Treattnents 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

125-1397 

2.93ab 

2.93ab 

3.60ab 

2.73b 

4.53a 

2.07b 

2.20b 

3.20ab 

DAE-DDA 1989 

131-1427 

4.87 

2.40 

4.33 

4.00 

5.20 

2.60 

2.80 

4.33 

139-1437 

6.33 

3.27 

6.40 

5.13 

5.27 

4.60 

5.20 

6.47 

DAE-DDA 1990 

117-1778 

4.67 

2.27 

2.33 

3.73 

4.93 

5.27 

4.53 

4.20 

145-1929 

8.5 

9.2 

10.1 

9.7 

10.1 

10.1 

10.6 

9.7 

Means in the same column followed by the same letter(s) are not significantly different. 
D.M.R.T. P<0 .05 



39 

Table 13. Effect of insecticide tteatment and water regime combinations on the number of 
locks per boll at different Days After Emergence and Degree-Days 
Accumulation (DAE-DDA), 1989 and 1990. 0 = Dryland. 1 = krigated. 

Treatments 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

139-1437 

3.67 

4.67 

5.60 

4.00 

4.00 

4.13 

4.00 

4.63 

DAE-DDA 198 DAE-DDA 1990 

145-1929 

4.88 

4.49 

4.64 

4.58 

4.53 

4.50 

4.74 

4.90 

Means in the same column followed by the same letter(s) are not significantly different. 
D.M.R.T. P<0 .05 
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Table 14. Effect of insecticide tieatment and water regime combinations on the number of 

actual and potential fruiting sites and square production at different plant 
horizons per plant. Plant mapping, 1990. 0 = Dryland 1= Irrigated 

Treatments 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

1st Fruit. Pes. 

6.1 

6.6 

6.1 

6.3 

5.1 

5.7 

5.4 

5.9 

Horizon 1 

4.87b 

7.80a 

6.67ab 

6. Dab 

7.40a 

8.33a 

6.73ab 

7.70ab 

Acmal sites 

Horizon2 

5.40b 

7.33a 

7.00ab 

7.73a 

6.13ab 

6.53ab 

7.20ab 

6.67ab 

Horizon3 

4.13b 

6.00ab 

6.33ab 

6.60a 

5.27ab 

4.93ab 

5.40ab 

5.67ab 

Numb, squares 
(at 82-1372) 

17.33e 

25.20cd 

19.97de 

21.27de 

37.07a 

34.60ab 

32.27ab 

28.20bc 

Potential sites 
(actual+squares) 

31.70 

46.30 

39.90 

42.00 

55.90 

54.30 

51.70 

47.70 

Means in the same column foUowed by the same letter(s) are not significantly different. 
D.M.R.T. P<0.05 
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Table 15. Effect of insecticide treatment and water regime combinations on the distribution 
and percent of the number of open bolls per horizon per plant. Plant mapping, 
1990. 0 = Dryland 1 = Inigated 

Treatments 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

H.I 

3.8 

3.4 

3.5 

3.8 

4.1 

4.5 

4.2 

4.1 

Number and 

%H1 

45.0 

38.0 

34.0 

40.0 

41.0 

44.4 

40.0 

42.0 

percent 

H.II 

3.1 

3.6 

4.2 

3.9 

3.6 

3.7 

4.2 

3.6 

of open bolls 

%H.II 

37.0 

39.0 

42.0 

40.0 

36.0 

36.4 

40.0 

37.0 

per horizon 

H.III 

1.6 

2.1 

2.4 

2.0 

2.3 

1.9 

2.1 

2.0 

%H.III 

18.0 

23.0 

24.0 

20.0 

23.0 

19.2 

20.0 

21.0 

Total 
open bolls 

8.5 

9.2 

10.1 

9.7 

10.1 

10.1 

10.5 

9.7 

Means in the same column followed by the same letter(s) are not significantly different. 
D.M.R.T. P<0 .05 
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Table 16. Effect of insecticide treatoient and water regime combinations on lint production 
(yield kg/ha) and fiber quahty, 1989. 0 = Dryland. 1 = Irrigated. 

Tn^f^tiriHp 
Treatments 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

Yield 
(kg/ha) 

645.23b 

546.21b 

639.65b 

5.80.24b 

600.79b 

712.21ab 

851.51a 

864.24a 

Fiber Production and Quality 

Micronake 
Index 

3.43 

3.40 

3.57 

3.63 

3.13 

3.01 

3.43 

3.27 

Length 
(cm) 

2.61 

2.63 

2.64 

2.66 

2.62 

2.67 

2.63 

2.62 

Sttength 
(grams/tex) 

24.33 

23.67 

24.33 

24.00 

23.67 

24.00 

23.00 

23.00 

Gin Tumout 
(%) 

21.28 

21.26 

22.15 

22.13 

21.58 

22.14 

22.59 

22.07 

Means ki same column followed by the same letter (s) are not significantiy different. 
D.M.R.T. P<0 .05 
*A tex unit is equal to the weight in grams of 1,000 meters of fiber. Therefore, the strength reported is the 
force in grams required to break a bundle one tex unit in size. 
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Table 17. Effect of insecticide tieattnent and water regime combinations on lint production 

(yield kg/ha) and fiber quality, 1990. 0 = Dryland. 1 = krigated. 

Insecticide 
Treatoients 

AldicarbO 

PhorateO 

CarbofuranO 

ContiolO 

Aldicarbl 

Phoratel 

Carbofuranl 

Contioll 

Yield 
(kg/ha) 

894.53bc 

660.70c 

684.03bc 

578.30c 

869.13bc 

1,039.13a 

l,002.73ab 

901.63bc 

Fiber Production and Quahty 

Micronake 
Index 

3.33 

3.43 

3.40 

3.40 

3.20 

3.40 

3.73 

3.37 

Length 
(cm) 

2.69 

2.62 

2.55 

2.61 

2.68 

2.58 

2.59 

2.64 

Strength 
(grams/tex) 

26.33 

25.00 

24.33 

25.67 

25.33 

25.00 

24.33 

25.33 

Gin Turnout 
(%) 

25.97 

27.22 

27.88 

25.88 

27.95 

28.58 

28.40 

29.47 

Means in same column followed by the same letter (s) are not significantiy different. 

D.M.R.T. P<0 .05 
A tex unit is equal to the weight in grams of 1,000 meters of fiber. Therefore, the strength reported is the 

force in grams required to break a bundle one tex unit in size. 
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-orth 

Insecticide or Untreated Dryland Insecticide or Untreated Irrigated 

1 O O O O * Irrigation Pipe 

b — D — D — n — n — Q 
i 

Row 1 

^f 

B 

Y./ 

S 

B 

B 

.&M. 

• A . 

B 

-

Fig. 1. Field Smdy, Erskkie fields, 1989 and 1990. Randomized block design witii spUt 
plot arrangement. A tieatment is a combination of one insecticide or a control and 
one water regime. Row 3 and 4 were weekly monitored in each plot. 
B = Buffer; S.A. = Samplmg Area; Y.A.&M. = Yield Assessment and Mapping. 
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Aldicarb (Temik 15G) Thimet (Phorat* 20G) Carbofuran (FuradamsG) 

0.00 0.50 1 .00 1.75 
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0.00 0.25 0.50 0.75 
0.00 0.56 1.13 1.71 
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oooo 

ooooioooo 

0.00 1.00 2.00 3.35 

0.00 2.25 4.54 7.54 

OOOO 
oooo 
OOOO 
oooo 

Fig. 2. Tissue culture smdy. 3*4*4 completely randoniized design with factorial 
arrangement of the three pesticide rates in laboratory (ppm/dish), and field 
condition (kg/ha). 
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Fig. 7. Effect of different water regknes in untreated plots (control) on open boll 
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Fig. 8. Survivorship curve of plant reproductive organs at different insecticide apphcation 
and water regime combmations. Mapping, 1990. 



CHAPTER IV 

SUMMARY AND CONCLUSION 

Due to the lack of insect pest pressure in both years, one could not conclude any 

tieatment effect on arthropod population and activity . However, the results showed a 

general tendency to associate insect pest presence and number to tieatment combinations 

having a dryland regkne component. This observation led tiie author to beheve that water 

regime has a neghgible effect vis-a-vis a water-stiessed plant, as indicated by the relatively 

higher pest incidence found in the dryland regime. 

The low pest pressure observed in both years should be taken into consideration when 

interpreting these results. However, in some cases, association of aphids and thrips with 

stiessed plants has been reported. 

In light of these results and the manifest lack of significant effect of tieatment 

combinations, possibly due to the low arthropod population in both years, one could not 

suspect or infer any plant response to insecticide application and water regime due to good 

pest contiol. Therefore, other factors held constant, effects observed in the parameters 

under study should be associated with a direct tieatment response, unless pertinent reasons 

dictate other alternative explanations or interpretations. 

With the exception of aphid numbers in 1990, relative insect pest number was 

associated with tieatments in dryland regime. Overall, phorate-dryland and carbofuran-

irrigated tieatments were less detrimental to beneficial arthropods, mainly lacewings. 

Treatments with irrigation and no insecticide application tended also to favor lacewing 

build-up. 

Systemic tianslocation and action were significantly noticed on plant growth parameters 

such as height, number of nodes, branches, and leaf area in 1989. In addition, no 

significant response for the same parameters including number of leaves was found. I 

suspect that tiie relatively abundant rainfall (see Table A.1 in appendix) upset tiie two water 

regimes. In most of the significant tieatments in 1989, carbofuran-krigated plants had a 

more favorable effect than the other tieatments. In both years, there was a clear tiend for 

more positive response associated witii any combination with a water supplement regime. 

The systemic insecticides under laboratory conditions had an effect on ceU growtii by 

ekher stimulating or inhibiting fresh weight accumulation, final dry weight production, and 

photosynthesis (cell appearance, visual observation). A negative effect due to pesticide 

toxicity was expressed as either loss of photosynthesis ability, cell mass reduction or the 

combination of both. 
52 
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The tieatment effects were associated with the different insecticides used and their rates 

of apphcation. Even though the study was carried out in a relatively controlled 

envkonment, interpretation of the results should take into account a probable non-

homogeneous state of the cell culture media (callus). The filtering effect of the pesticide, as 

recognized in early works, and the clumped cell structure should not be overiooked when 

interpreting the results. 

CeU response was associated with the type of insecticide involved and the rate at which 

it was applied. More stimulatory effect was associated with the moderate rate of phorate, 

and the lowest rate of aldicarb, whereas considerable inhibitory effect was attributed to the 

highest aldicarb rate. The same results were applicable to the dry weight production. 

There was a negative response of cell proliferation at the highest rate of any of the 

insecticides tested. 

Analysis of plant reproductive organs did not always show a clearly defined tiend, even 

when a significant effect was found. In 1989, the first fruiting positions were initiated 

significantly earher in plants receiving the aldicarb-irrigation tieatment. A tendency for 

lateness, i.e., longer vegetative growth prior to fruiting initiation, was observed in plots 

receiving an insecticide application in the dryland regime. 

In general, a relation between earliness and final number of open bolls produced was 

found. Insecticide application supplemented with a water regime promoted earliness in 

fruiting. In treatments where only water was applied, the same tiend was noticed. 

Aldicarb application in dryland regime was less conducive to open boll production; the 

observation that could possibly explain the lowest yield associated with that tieatment. 

Lock number was not affected by treatments. However, larger bolls were found in 

tieatments receiving carbofuran, resulting in higher yield, while smaller size bolls were 

found in aldicarb dryland tieatment, one of the lowest yield tieatments. Such an 

observation was not verified in 1990, where bolls with more locks were found in the 

aldicarb dryland and the irrigated contiol plants. Fiber quality did not respond significantly 

to the tieatment. 

Lint production was significantiy affected by the tieatment combinations. In general, 

carbofuran and phorate in krigation regimes were more productive than aldicarb at any 

combination. Yield reduction was observed in the dryland plots tieated with either aldicarb 

or phorate. The krigation regime was generally beneficial to the plants receiving an 

insecticide application. 

Contribution to hnt production in a per-horizon basis was favorably affected by the 

proximity of the the fmiting site to the monopodial main stem. Plant architecture was also 
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modified according to insecticide-water combination, with generaUy broader plant base 

associated with insecticide tieatment with additional water supplement. 

Overall, the relatively low number of the arthropod population (pests and beneficial) did 

not allow to show any significant difference due to tieatments; therefore, treatment effects 

were the main factors responsible for the plant response. Plant growth and reproduction 

were affected by insecticide applications in the presence or absence of water supplement. 

There was a significant tieatment effect on ceU production. Visual observation of the callus 

culture showed a positive effect of the systemic insecticides when apphed either at the 

lowest or moderate rates, while negatively affected at any higher level. Treatments with no 

insecticide application produced healthy green cells, but in lesser amount than the ones in 

the lowest and the moderate rates. Yield and plant architecture (mapping) were 

significantiy affected; however, fiber quality did not respond significantly to the 

tieatments. Higher rain incidence in 1990 may have altered some of the water regime's 

component. In some parameters smdied, non-significant tieatment effects could be the 

result of suspected small sample sizes. 

Practical applications of these findings could be the use of the systemic insecticide 

properties to alter plant growth habit, reproduction pattem and to improve yield. 

Furthermore, synergistic effect could be achieved by adequate soil water supply to the 

systemic insecticide applications. Growth impairment, usually attributed to insect pressure, 

soil nutrient deficiency and others, could also be a result of systemic activity at the cell 

level. 

Further investigations could be to determine through cell cukure smdies the plant 

response mechanism to systemic insecticides and the metabolite(s) involved; to verify the 

present callus culture results through cell suspension culture (more homogeneous); to 

determine if the systemic insecticide behavior is the main factor responsible for the plant 

response(s), or if it is a part of other plant biochemical components. 
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Table A. 1. Monthly climatic synopsis of the number of Day After Emergence (DAE), 

Degree Day Accumulation (DDA) at base 650F (18.3^0) and rakifaU (mm) 
ki 1989 and 1990. 

Months 

-

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Year Total 

Weeks 

-

4 

8 

12 

17 

21 

24 

26 

Year Average 

DAE 

-

-

30 

61 

91 

122 

152 

178 

178 

DDA* 

160 

274 

292 

517 

442 

182 

93 

0 

1,960 

1989 

Raint 

65.8 

9.9 

126.5 

6.6 

77.5 

95.0 

Trace 

Trace 

381.3 

Temp.'' 

-

22.8 

23.6 

27.4 

26.1 

20.6 

17.8 

10.6 

18.3 

DAE 

-

-

28 

59 

89 

120 

151 

163 

163 

DDA 

55 

231 

590 

401 

423 

270 

41 

9 

2,020 

1990 

Rain 

131.0 

29.2 

Trace 

79.5 

47.5 

31.5 

48.5 

32.8 

400.1 

Temp, 

16.4 

20.8 

29.1 

25.4 

25.2 

23.2 

16.4 

11.8 

21.0 

Planting date: May 21,1989 
Harvest: Nov. 19, 1989 
*DDA units = I ((Daily High - Daily Low)/2) -18.3^0. 
tRaki (mm) = kich * 2.54cm * 10mm 
'n'emp(OC) = (OF - 32) * 5/9) 
Source: National Weather Service. Lubbock, Texas. 

Planting date: May 25,1990 
Harvest : Nov. 12, 1990. 
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Table A. 2. Effect of insecticide tieatments on plant height (cm) at different Day After 
Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 1990. 

Sampling Periods (DAE-DDA) 

1989 1990 
Insecticide 
Treatinents 70-930 84-1161 111-1351 118-1371 68-11184 82-1372 89 1489 

Aldicarb 42.37a 58.13a 63.40a 61.83a 45.67a 68.97a 79.93a 

Phorate 38.42ab 54.38ab 60.65ab 61.17a 45.33a 68.63a 73.13a 

Carbofuran 38.78ab 51.70b 57.07c 58.03b 44.40a 69.60a 77.03a 

Contiol 35.85b 55.47ab 58.03b 62.63a 41.93a 64.13a 72.13a 

Means in same column followed by same letter(s) are not significantiy different. D.M.R.T. 
P < 0.05. 

Table A.3. Effect of insecticide tieatments on the number of leaves per plant at different 
Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 
1990. 

Samphng Periods (DAE-DDA) 

1989 
Insecticide 
Treatments 21-220 29-313 42-555 118-1371 

Temik 1.98a 3.90a 6.67a 9.15a 

Phorate 1.90a 3.72a 5.90a 8.17a 

Carbofuran 1.90a 4.13a 6.22a 8.57a 

Contiol 2.15a 4.28a 6.08a 9.32a 

1990 

13-349 19-488 26-630 33-778 

2.30a 4.33a 5.50a 9.37a 

2.27a 4.00a 5.80a 9.73a 

2.20a 3.77a 5.80a 9.83a 

2.33a 4.20 5.53a 9.67a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Effect of insecticide tieatinents on the number of nodes per plant at different 
Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 
1990. 

Sampling Periods (DAE-DDA) 

1989 1990 
Insecticide 
Treatments 70-930 84-1161 111-1351 118-1371 33-778 40-905 47-971 68-1184 

Aldicarb 12.22a 14.97a 17.48a 16.33ab 8.07a 9.30a 12.17a 13.43a 

Phorate 12.08a 14.22b 16.62ab 15.83b 8.47a 9.37a 12.10a 13.67 

Carbofuran 11.93a 14.90ab 15.22a 15.90b 7.80a 9.60a 12.23a 13.50a 

Contiol 11.75a 15.30a 15.88bc 17.20a 8.13a 9.03a 11.63a 12.93a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.5. Effect of insecticide treatments on the number of branches per plant at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989 and 1990. 

Insecticide 
Treaments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

70-930 

8.13a 

7.00a 

7.02a 

6.87a 

84-1161 

11.33a 

10.10a 

11.53a 

10.73a 

Sampling Periods (DAE-DDA) 

1989 

111-1351 

11.03a 

10.23a 

10.35a 

10.03a 

118-1371 

ll.lOab 

9.87b 

10.27b 

11.60a 

1990 

68-1184 

13.73a 

13.00a 

13.20a 

12.80a 

82-1372 

19.10a 

19.17a 

18.43a 

17.80a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Table A.6. Effect of insecticide tieatments on leaf area (cm2) per plant at different Day 
After Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 
1990. 

Insecticide 
Treatments 29-313 

Sampling Periods (DAE-DDA) 

1989 

35-414 42-555 19-488 

1990 

26-630 33-778 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

30.83a 

30.83a 

26.40a 

27.48a 

58.37a 

52.88ab 

48.47b 

48.72b 

118.52a 

98.93a 

90.60a 

117.85a 

28.36a 40.91a 109.17a 

26.98a 44.11a 120.02a 

23.96a 45.73a 112.12a 

24.55a 34.54a 112.84a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.7. Effect of insecticide treatments on first fruiting position, 1989 and 1990. 

Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

1989 1990 

5.25a 

5.52a 

5.33a 

5.42a 

5.78a 

5.82a 

5.75a 

5.87a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 



70 
Table A.8. Effect of insecticide tieatments on the number of squares per plant at different 

Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 
1990. 

Sampling Periods (DAE-DDA) 

Insecticide 
Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

1989 

42-555 57-774 

2.35a 

1.53a 

1.92a 

2.50a 

8.68a 

8.02a 

8.90a 

7.87a 

1990 

40-905 54-1047 82-1372 70-930 

17.80a 

15.70a 

15.58a 

13.58a 

7.13b 

6.83b 

8.20a 

5.55c 

18.23a 

18.30a 

16.53a 

15.23a 

27.20ab 

29.90a 

26.07b 

24.73b 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.9. Effect of insecticide treatments on the number of green bolls per plant at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989 and 1990. 

Insecticide 
Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

84-1161 

10.35a 

6.88a 

9.07a 

8.43a 

Sampling Periods (DAE-DDA; 

1989 

111-1351 

16.15a 

14.03b 

13.78b 

12.37b 

125-1397 

9.90a 

10.63a 

9.00a 

11.57a 

68-1184 

3.10a 

2.87a 

3.17a 

1.73a 

) 

1990 

82-1372 

4.23a 

3.73a 

4.07a 

2.70a 

89-1489 

20.53a 

16.37b 

14.20b 

15.50b 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Effect of insecticide tieatments on the number of open bolls per plant at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989 and 1990. 

Insecticide 
Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

125-1397 

3.73a 

2.50a 

2.90a 

2.97a 

1989 

131-1427 

5.03a 

2.50a 

3.75a 

4.17a 

Sampling Periods (DAE-DDA) 

139-1437 

5.80a 

5.93a 

5.80a 

5.80a 

117-1778 

4.80a 

3.77b 

3.43b 

3.97b 

1990 

138-1869 

9.00a 

8.67a 

8.60a 

7.00a 

145-1929 

8.73a 

8.67a 

8.67a 

8.90a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05 

Table A. 11. Effect of insecticide tieatments on the number of locks per boll at different 
Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 
1990. 

Insecticide 
Treattnents 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

1989 

138-1869 

3.80a 

4.40a 

4.88a 

5.00a 

Sampling Periods (DAE-DDA) 

1990 

145-1929 

4.71a 

4.50a 

4.69a 

4.74a 

Means in same column foUowed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Table A. 12. Effect of insecticide tieatments on fiber production (kg/ha) and fiber quahty, 

1989. 

Tn^p>rtiHHp 
Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

Yield 
(kg/ha) 

623.01a 

629.21a 

745.58a 

722.24a 

Fiber Production and 

Micronake 
Index 

3.28ab 

3.23b 

3.50a 

3.45ab 

Length 
(cm) 

2.61a 

2.65a 

2.64a 

2.64a 

. Quality 

Strength 
(grams/tex) 

24.00a 

23.83a 

23.67a 

23.50a 

Gin Tumout 
(%) 

21.43a 

21.70a 

22.37a 

22.10a 

Means in same column foUowed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
*A tex unit is equal to the weight in grams of 1,000 meters of fiber. Therefore, the strength reported is the 
force in grams required to break a bundle one tex unit in size. 

Table A. 13. Effect of insecticide tieatments on fiber production (kg/ha) and fiber quahty, 
1990. 

Insecticide 
Treattnents 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

Yield 
(kg/ha) 

881.83a 

629.21a 

745.58a 

722.24a 

Fiber Production and Quality 

Micronaire 
Index 

3.27a 

3.23b 

3.50a 

3.45ab 

Length 
(cm) 

2.69a 

2.60a 

2.57a 

2.63a 

Stiength 
(grams/tex) 

25.83a 

25.00a 

24.33a 

25.50a 

Gin Tumout 
(%) 

26.97a 

27.90a 

28.14a 

27.68a 

Means in same column followed by same letter(s) are not significantiy different. D.M.R.T. 
P < 0.05. 
*A tex unit is equal to the weight in grams of 1,000 meters of fiber. Therefore, the strength reported is the 
force in grams required to break a bundle one tex unit in size. 
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Table A. 14. Effect of water regimes on plant height (cm) at different Day After Emergence 

PAE) and Degree Day Accumulation (DDA), 1989. 

Samphng Periods (DAE-DDA) 
Water 
Regimes 70.930 78-1050 84-1161 91-1278 104-1338 111-1351 118-1371 

Dryland 34.94a 35.11a 50.33b 52.92b 46.00b 56.67a 57.18a 

Irrigated 42.77a 45.48a 59.51a 63.38a 56.17a 63.60a 64.65a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A. 15. Effect of water regimes on the number of leaves per plant at different Day 
After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 21-220 29-313 35-414 42-555 

Dryland 1.98a 3.98a 6.22a 8.30a 

krigated 1.99a 4.04a 6.22a 9.30a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Table A. 16. Effect of water regimes on the number of nodes per plant at different Day 
After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 70-930 78-1050 84-1161 91-1278 104-1338 111-1351 118-1371 

Dryland 11.57b 14.03a 14.62a 14.78b 15.43b 16.07a 16.13a 

krigated 12.42a 12.58b 15.08a 16.28a 16.43a 16.53a 16.50a 

Means in same column foUowed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A. 17. Effect of water regimes on the number of branches per plant at different Day 
After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 70-930 78-1050 84-1161 91-1278 104-1338 111-1351 118-1371 

Dryland 6.67a 7.63b 10.63a 8.83b 9.32b 9.71b 10.28b 

krigated 7.84a 9.40a 11.22a 10.65a 11.00a 11.12a 11.13a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Table A. 18. Effect of water regimes on leaf area (cm^) per plant at different Day After 
Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Water 
Regimes 

Dryland 

Irrigated 

21-220 

6.93a 

7.68a 

Sampling Periods (DAE-DDA) 

29-313 

26.89a 

29.64a 

35-414 

47.47a 

56.75a 

42-555 

90.56a 

122.39a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A. 19. Effect of water regimes on first fmiting position, 1989 and 1990. 

Treattnents 1989 1990 

Dryland 5.19a 6.03a 

Irrigate 4.92a 5.77a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Table A.20. Effect of water regimes on the number of squares per plant at different Day 

After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water regimes 
DAE-DDA 42-555 49-641 57-774 64-865 

Dryland 1.86a 5.11a 7.98a 10.53b 

Contiol 2.29a 5.96a 8.76a 13.52a 

Means in same column foUowed by same letter(s) are not significantiy different. D.M.R.T. 
P < 0.05. 

Table A.21. Effect of water regimes on the number of blooms per plant at different Day 
After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 57-774 64-865 70-930 78-1050 84-1161 91-1278 

Dryland 0.09a 1.19a 0.61a 0.95a 1.34a 0.77a 

Contiol 0.12a 1.38a 0.79a 1.22a 1.67a 1.05a 

Means in same column foUowed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
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Table A.22. Effect of water regimes on the number of green bolls per plant at different 

Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Samphng Periods (DAE-DDA) 
Water 
Regimes 70-930 78-1050 84-1161 91-1278 111-1351 118-1371 125-1397 

Dryland 2.16a 3.92a 7.64b 10.48b 12.03b 10.93a 9.30a 

krigated 1.93a 5.49a 9.73a 13.78a 16.13a 13.08a 11.25a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.23. Effect of water regimes on the number of open bolls per plant at different Day 
After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 111-1351 118-1371 125-1397 131-1427 139-1437 

Dryland 0.18a 1.80a 3.05a 3.90a 5.38a 

krigated 0.32a 1.18a 3.00a 3.73a 5.28a 

Means in same column followed by same letter(s) are not significantiy different. D.M.R.T. 
P < 0.05 
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Table A.24. Effect of water regimes on the number of locks per boll at different Day After 

Emergence (DAE) and Degree Day Accumulation (DDA), 1989 and 1990. 

Sampling Periods (DAE-DDA) 

1989 1990 
Water 
Regimes 139-1437 145-1929 

Dryland 4.48a 4.65a 

Irrigated 5.00a 4.67a 

Means in same column followed by same letter(s) are not significantiy different. D.M.R.T. 
P < 0.05. 

Table A.25. Effect of water regimes on fiber production (kg/ha) and fiber quahty, 1989 

Fiber Production and Quality 
Water 
Regimes 

Dryland 

Irrigated 

Yield 
(kg/ha) 

602.83b 

757.19a 

Micronake 
Index 

3.51a 

3.23a 

Length 
(cm) 

2.64a 

2.63a 

Strength 
(grams/tex) 

24.01a 

23.42b 

Gin Turnout 
(%) 

21.71a 

22.09a 

Means in same column foUowed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 
*A tex unit is equal to the weight in grams of 1,000 meters of fiber. Therefore, the strength reported is the 
force in grams required to break a bundle one tex unit in size. 
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Table A.26. Effect of insecticide tieatments on the number of fleahoppers per plant at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989. 

Insecticide 
Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

57-774 

0.00a 

0.00a 

0.17a 

0.33a 

64-865 

0.33a 

0.00b 

0.00b 

0.00b 

Samphng Periods (DAE-DDA) 

70-930 

0.17a 

0.67a 

0.17a 

0.00a 

78-1050 

0.00a 

0.50a 

0.50a 

0.67a 

84-1161 

2.17a 

1.17a 

3.17a 

3.00a 

91-1278 

2.33a 

0.83a 

1.50a 

2.50a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.27. Effect of insecticide tieatments on the number of aphids per plant leaf at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989. 

Insecticide 
Treattnents 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

57-774 

6.25a 

46.17a 

11.17a 

11.75a 

64-865 

19.17a 

18.83a 

16.58a 

18.42a 

Sampling: 

70-930 

72.50a 

42.25a 

43.08a 

37.50a 

Periods (DAE-DDA) 

78-1050 

44.33a 

76.17a 

104.83a 

98.58a 

84-1161 

9.75b 

23.42ab 

38.08a 

7.83b 

91-1278 

0.00a 

0.00a 

0.75a 

0.00a 

Means in same 
P < 0.05. 
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Table A.28. Effect of insecticide tieatments on the number of bollworms per plant at 

different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
i !7o9. 

Insecticide 
Treatments 

Aldicarb 

Phorate 

Carbofuran 

Contiol 

70-930 

0.00b 

0.33a 

0.00a 

0.00b 

Sampling Periods (DAE-DDA) 

78-1050 

0.17a 

0.17a 

0.00a 

0.33a 

84-1161 

0.00a 

0.17a 

0.00a 

0.17a 

91-1278 

0.17a 

0.00a 

0.33a 

0.17a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T 
P < 0.05. 

Table A.29. Effect of insecticide treatments on the number of secondary pests per plant at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989. 

Sampling Periods (DAE-DDA) 
Insecticide 
tieatinents 35-414 49-641 57-774 64-865 70-930 78-1050 

Aldicarb 1.00a 0.17a 0.00a 0.00a 0.17a 0.00a 

Phorate 0.50ab 0.17a 0.33a 0.33a 0.17a 0.17a 

Carbofuran 0.17b 0.00a 0.00a 0.00a 0.00a 0.00a 

Contiol 0.00b 0.17a 0.00a 0.00a 0.00a 0.00a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 



81 

Table A.30. Effect of water regimes on the number of fleahoppers per plant at different 
Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 57-774 64-865 70-930 78-1050 84-1161 91-1278 

Dryland 0.08a 0.00a 0.25a 0.33a 3.08a 2.17a 

krigated 0.17a 0.17a 0.25a 0.50a 1.67a 1.42a 

Means in same column foUowed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.31. Effect of water regimes on the number of aphids per plant leaf at different 
Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Samphng Periods (DAE-DDA) 

DAE-DDA 57-774 64-865 70-930 78-1050 84-1161 91-1278 

Dryland 19.08a 17.79a 44.54a 99.08a 34.71a 0.33a 

krigation 18.58a 18.71 53.13a 62.88b 4.83a 0.00a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 



82 
Table A.32. Effect of water regimes on the number of bollworms per plant at different 

Day After Emergence (DAE) and Degree Day Accumulation (DDA), 1989. 

Water 
Regimes 

Dryland 

Irrigation 

70-930 

0.17a 

0.00a 

Sampling Periods Q^AE-DDA) 

78-1050 

0.17a 

0.17a 

84-1161 

0.00a 

0.17a 

91-1278 

0.17a 

0.17a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 

Table A.33. Effect of water regimes on the number of secondary pests per plant at 
different Day After Emergence (DAE) and Degree Day Accumulation (DDA), 
1989. 

Sampling Periods (DAE-DDA) 
Water 
Regimes 49-641 57-774 64-865 70-930 78-1050 

Dryland 0.00a 0.17a 0.00a 0.08a 0.00a 

krigated 0.17a 0.08a 0.17a 0.08a 0.08a 

Means in same column followed by same letter(s) are not significantly different. D.M.R.T. 
P < 0.05. 




