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CHAPTER I 

INTRODUCTION 

Cotton production (quantity and quality) across the Cotton Belt and especially on 

the Southem High Plains of Texas is limited by a number of factors. These include cool 

spring and fall temperatures, seedling diseases, blowing sand, desiccating winds, insect 

predators, weed competition, and water deficits. However, the first obstacle to obtaining 

a productive crop is the establishment of a good stand under cool spring temperatures. 

Because of the limited number of seasonal heat units available for High Plains cotton 

production, the crop must be planted early under suboptimal temperature conditions. 

These cool conditions are very common on the High Plains due to the high elevation (ca. 

1000 meters) and dry air as well as the potential for temporarary periods of cool 

conditions during the planting season. However, early planting allows for earlier crop 

maturity, thus enhancing yields and fiber quality before fall temperamres drop below 

critical levels. Studies have indicated that if cotton is planted early under suboptimal 

temperature conditions, only 40 to 60% of the total seeds planted result in established and 

productive plants (Staus and Hopper, 1983; Gregory et al., 1986; Hopper and Gregory, 

1986). This low stand establishment percentage is currentiy costing producers millions of 

dollars in seed costs alone. If the establishment percentage could be increased from the 

current 50% to 90%, seed cost could be reduced by $1.70 per acre based on "farmer 

caught" seed. With 3.5 milhon acres of cotton planted on the High Plains, a savings of 

almost $6 million could be realized. Even greater savings would be expected from the 



use of certified, hybrid, and genetically engineered seed. In addition, millions of dollars 

are lost each year in reduced yields and fiber quality due to the currently obtained 

inadequate stands. 

Producers faced with the constraint of having to plant early risk high seedling 

mortality, delayed emergence, reduced yield, and lower fiber quality (Christiansen, 1964; 

Christiansen and Thomas, 1969; Thomas and Christiansen, 1971; Wanjura et al., 1969). 

Numerous studies have shown the detrimental effects of low temperature (chilling injury) 

on imbibing seeds and emerging seedhngs (Christiansen, 1964, 1968; Cole and Wheeler, 

1974). Christiansen (1967) reported two periods of seed chilling sensitivity. The first 

when seeds are initially imbibing water and the second after 18 to 30 hours of 

germination at 31°C. Chilling injury associated with imbibing seeds is manifest by 

radicle tip abortion while chilling the seedhng after elongation of the embryonic axis has 

started results in root cortex disintegration (Christiansen, 1963). Christiansen (1964) 

reported that subsequent seedling growth at favorable temperatures was directly related to 

the length of the cold period. Steiner and Jacobsen (1992) reported a third period of 

chilling sensitivity extending from 140 to 170 hours after planting. This time corresponds 

to impending seedling (hypocotyl) emergence. Most of these smdies used temperamres 

from approximately 5 to 15°C to induce the chilling injury, although Cole and Wheeler 

(1974) reported that temperatures below 20°C reduce germination of cottonseed and 

seedling emergence. 



Imbibition Rate and Membrane Damage under Chilling Conditions 

One of the proposed mechanisms by which cell damage occurs during imbibition 

at suboptimal temperatures is the loss of semipermeability and/or loss of membrane 

integrity, which may allow for the passive diffusion of cellular constituents out of the cell. 

Membranes are composed of a mixture of proteins and a phospholipid bilayer which act 

as boundaries between aqueous regions of the cell. The phospholipid stmcture is 

composed of a hydrophobic fatty acyl tail and a hydrophilic head. As a phospholipid 

warms, it undergoes a change in physical properties. This phase transition is due to a 

reorganization (melting) of the fatty acyl side chains which change from a highly ordered, 

gel like state to a more fluid mobile state. Generally lipids with short or unsamrated fatty 

acyl tail chains undergo the phase transition at lower temperatures than those with long or 

saturated chains. The double bonds between carbons form kinks in unsamrated fatty acyl 

chains which tend to cause a more random fluid state compared to saturated fatty acyl 

chains. Maintenance of bilayer fluidity may be essential to normal cell growth and 

reproduction. Animal and bacterial cells are able to adapt to colder temperatures by 

increasing the proportion of unsaturated to saturated fatty acids in the membrane, 

maintaining the fluid bilayer at the reduced temperature. Murata (1992) observed in plant 

tissue that lower melting points for lipids are due to a higher degree of unsamration, 

which corresponded to a higher degree of chilling resistance or tolerance. Cell 

membranes contain a mixture of different fatty acyl chains and are normally fluid at the 

temperature at which the cell is grown. However, when a warm season crop such as 



cotton is placed into a suboptimal temperamre regime, membranes may remain rigid and 

lose semipermeability. 

It has been proposed that the mechanism by which chilling injury occurs in dry 

seeds may be different than that of hydrated tissues (Bedi and Basra, 1993; Simon, 1974). 

One hypothesis proposed by Simon (1974) suggests that membranes of dry seeds are 

dehydrated and leaky, allowing passive diffusion of cellular substances when seeds are 

wetted. Upon imbibition (rehydration), the normal lamellar phospholipid stmcmre should 

reform, allowing the membrane to reorganize and selective permeability to be 

reestablished. Simon also suggests that when dry seeds imbibe at chilling temperatures 

the phospholipids are unable to change rapidly from a hexagonal (dehydrated) 

arrangement to the lamellar arrangement because they are in a gelled or rigid state. 

Membrane reorganization during hydration may be impeded at temperatures below phase 

transition, which prolongs cellular leakage and ultimately causes cellular damaged. 

Bramlage et al. (1978) suggested that imbibition at cold temperatures promoted profuse 

cellular leaking in response to delayed or faulty membrane reorganization. However, a 

review by Hemer (1992) indicated that some researchers have abandoned the hexagonal 

array hypothesis, stating evidence exists that membranes are able to maintain a bilayer 

configuration even in dehyrdated tissue. 

Bochicchio et al. (1991) expressed concem that leachates measured as a result of 

imbibitional chilling may not be due to a loss of membrane lipid semipermeability, but 

rather a case of membrane dismption caused by rapid imbibition. Powell and Matthews 

(1978) hypothesized that rapid early leakage of cell constituents during imbibition of dry 



pea embryos resulted in the death of cells caused by the physical dismption of 

membranes, suggesting that membrane reassembly did not keep up with the rate of 

imbibition. They suggested increased cellular leakage was a primary response to 

imbibitional damage, although the leakage was exaggerated at chilling temperamres. 

Numerous studies have indicated the injury incurred at low temperatures is 

directly related to imbibition rate and seed moismre content. Tully et al. (1981) showed 

that imbibition rate in peas and soybeans is related to the sensitivity of seeds to 

imbibitional chilling injury, which is a function of the intact seed coat. They determined 

that the imbibition rate for peas, a chilling tolerant crop, was much slower than that of 

soybean. Nicking the pea seed coat allowed rapid imbibition and induced symptoms of 

chilling injury. Powell and Matthews (1979) concluded that in pea embryos, chilling 

injury was caused by imbibition rate, demonstrating a relationship between percent seed 

coat damage and hydration rate. Researchers have reported success in mitigating chilling 

injury with the use of an osmotica (PEG, etc.) to reduce imbibition rates (Ashworth and 

Obendorf, 1980; Powell and Matthews, 1978; Tully et al., 1981). It may be concluded 

that the physical dismption of membranes at cold temperamres caused cellular damage in 

low moisture tissue, and thus the degree to which chilling injury occured was related to 

the rate of imbibition and the temperature of the imbibed water. 

Low Seed Moisture Content 

In a review by Bedi and Basra (1993), imbibitional chilling injury was defined as 

sensitivity of seed to a combination of low seed water content and imbibition at cold 



temperamres. Vertucci and Leopold (1984) denoted various stages of water affinity in 

soybean: a region of strongly bound water at 8% moisture content, a region of weakly 

bound water at 8-24% moisture content, and a region of very loosely bound water at seed 

moismre contents greater than 24%. They noted that imbibitional damage was greatest 

when initial seed moisture contents were in the region of strongest water binding. Other 

studies have indicated that low moisture content seed were particularly susceptible to 

chilling stress. Ashworth and Obendorf (1980) evaluated soybean embryonic axes for 

hydrational stress at cold temperatures. Their smdy indicated the presence of stelar 

lesions when low moismre axes were hydrated at 5°C; however, these were not evident in 

17% moismre axes. Cal and Obendorf (1972) found that com kemels hydrated to 13 and 

16% moismre were able to avoid sensitivity to imbibitional chilling injury, whereas seed 

imbibed at initially low moismre contents exhibited typical chilling symptoms. 

Christiansen (1969) noted that cottonseed were able to avoid the same type of chilling 

sensitivity when hydrated to levels above 13% seed moismre. 

Attempts to reduce injury to seedlings from cold temperamres have included 

selection for cold tolerance, preconditioning seed, and the use of materials to slow initial 

water imbibition. Genetic differences in susceptibility to cold injury have been reported 

and currentiy are being incorporated into a number of breeding programs (Cole and 

Christiansen, 1975; Bradow, 1991; Steiner and Jacobsen, 1992). 

A second method of reducing chilling injury to seedlings has been to precondition 

the seed prior to planting. This involves hydrating the seed at a warm temperature (25 to 

31°C) prior to chilling and/or planting. However, results have been somewhat variable 



with literature in the 1960s and early 1970s reporting favorable results predominately 

under laboratory conditions while results reported in the late 1970s showed little or no 

advantage of preconditioning under field conditions. Early work indicated that 

cottonseed were sensitive to chilling during the initial 2 to 4 hours of hydration 

(Christiansen, 1968); however, seed preconditioned by imbibing for 4 hours at 31°C were 

protected against chilling injury (Christiansen, 1968, 1969; Thomas and Christiansen, 

1969). Thomas and Christiansen (1971) indicated that a hydrated-chilhng treatment 

helped the performance of poor quality seed more than high quality seed. Cole and 

Wheeler (1974) and Cole and Christiansen (1975) also reported similar results where 

preconditioning of seed imparted chilling resistance. Buxton et al. (1977) and Fowler 

(1979) reported beneficial effects of seed preconditioning on laboratory germination and 

growth; however, both smdies reported no beneficial effects under field conditions. 

Wanjura and Minton (1974) also noted no beneficial effects on germination or emergence 

of preplant hydrated or hydrated-chilled seed under greenhouse conditions. 

A third method of reducing imbibitional chilling injury has been the use of a 

coating material on the seed to slow the entry of cold water. Priestley and Leopold (1986) 

reported that coating soybean and cottonseed with a thin coat of lanolin significantiy 

reduced chilling injury to seedlings planted in a peat:soil mixmre in the greenhouse. 

However, they reported that field studies with soybean seed to be somewhat erratic. 

More recendy seed coating and specifically film coating using polymer films have 

become available to the seed industry. Taylor (1987) noted slight improvements in 
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chilled germination tests of snap beans treated with polymers capable of slowing the rate 

of imbibition. 

Seed Coatings 

Much of the seed coating technology available today originated in New Zealand in 

the I950's. In New Zealand, coatings were used to facilitate precision planting and 

especially as a mechanism to properly weight and shape forage and mrfgrass seed for 

aerial planting. In 1968, coating tecnology was intoduced into the U.S. when Ramsey 

Seed purchased the rights from New Zealand (CoUins, 1981). Since that time a variety of 

applications as well as types of coatings and coating technology used in the seed industry 

have been exploited. Due to the initial high cost of coatings and the treatment equipment 

necessary for coating seed, most of this technology has been applied primarily to high 

value crops. The Europeans were first to adapt pharmaceutical coating technologies and 

polymer coatings to the field seed market (Burris, 1992). Recent interest in the 

apphcation of coating technology to agronomic crops has spurred several coating 

companies and manufacmrers of coating machinery to reduce the cost of applying 

coatings to these crops. 

One method commonly used in coating is called pelleting. Pelleting consists of 

sizing the elliptical seed to make it round and uniform for precision planting in 

mechanical planters. The coating layer(s) thus provide the necessary singulation and 

added protection against mechanical (plate) planters. But in many agriculmral crops, the 

added weight resulting from encmsting is not necessary, rather the need to apply a single 
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film layer around a seed as a means of controlling the microenvironment into which the 

seed is subjected. 

As seed coating technology evolves, specialized polymers and the precision in 

which they are applied becomes more critical; therefore, much of the pharmaceutical and 

foodsmffs film coating technology has come into wide use in the seed industry. Halmer 

(1987) describes film coating as the process in which additives are dissolved or dispersed 

in a liquid adhesive, usually a dyed solution of a polymer, into which the seeds are dipped 

or sprayed before drying. This is accomplished with the original shape of the seed being 

largely unaffected. Film coating depends upon efficient exposure of seed to liquid to 

ensure an even coating. This is accomplished by utilizing precision coating methods such 

as fluidized-bed techniques and/or the Wurster process. The Wurster process allows the 

seed to be circulated continually in an upward moving column of warm air, into which 

the adhesive coating formulation is sprayed so that it dries almost immediately onto seed 

surfaces (Halmer, 1987). 

Kaufman (1991) suggests that the "ideal" coating would be neutral in its influence 

on the speed, uniformity, and germination percentage of a seed lot. The coating itself 

should not be influenced by environmental conditions or adversely affect germination, 

storabiliy, or affect seed quality in any way. However, Kaufman's definition of the 

"ideal" coating does not allow the potential for a coating to have a beneficial effect on 

the seed. A better definition of an ideal coating might include... a coating which would 

be neutral or have a beneficial influence on the speed, uniformity and germination 

percentage. Thus, by altering the extemal physical properties of the seed, one may be 



able to reduce or negate potential detrimental and adverse affects of the seedling 

environment to which a seed is subjected at planting. 

Applications of Polymer Film Coatings 

Recently, many uses of polymer film coatings have been exploited in the seed 

industry. Some of the more practical and beneficial results of film coating include the 

elimination of pesticide dust hazards associated with treating, packaging and planting 

seed, as well as added protection against mechanical and human handling. Concems 

about the use of chemicals on agricultural crops and their products have prompted many 

researchers to investigate the effects of seed coatings to reduce pesticide usage in various 

crops (Burris, 1992; Dailey et al., 1993; Devay et al., 1991; McGee et al., 1994; Wilkins, 

1976). Devay et al. (1991) also noted in field tests that the Colorcon Blue Opadry 

polymer alone may provide protection against certain seedling diseases. Similar work 

has been done using polymer films to encapsulate beneficial organisms (Rhizobia and 

other biologicals) on various crop seed (Burris, 1992; DeVay et al., 1991). Devay et al. 

(1991) found polymers to be effective carriers for applying biological controls in cotton, 

with the polymers providing enough protection to sustain effective biological control for 

up to four months. Work in the development of herbicide encapsulated granules (Dailey 

et al., 1993) was promising and has larger implications with the new formulations of 

controlled release formulations of polymers being developed and utilized (Greene et al. 

1993; Dailey 1993). West et al. (1985) determined the affect of polymers as a moismre 

barrier to enhance seed storability. West et al. (1985) determined the effects of polyvinyl 
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alcohol (PVOH), polyethylene oxide (PEO), methyl cellulose (MC), and polyvinylidene 

chloride (PVDC) on water uptake in soybeans in both the liquid and vapor phases. 

PVDC was found to restrict water entry in a 100% relative humidity environment, thus 

protecting the seed from deterioration. 

Taylor (1987) suggested that coating technology may have the potential to 

decrease seed coat permeability with a coating material capable of retarding imbibition. 

Thus chilling sensitive cultivars could be treated easily, rather than relying on 

conventional breeding programs to incorporate or exploit mechanisms of chilling 

tolerance. Among the many classes of polymers available is Landec's Intelimer, which is 

purported to become permeable at any number of specified temperamres based upon its 

formulation. Stewart (1992, U.S. Patent) from Landec Corporation has developed a class 

of side chain crystallizable polymers (Intelimers) which are capable of acting as water 

gating membranes. These polymers are unique because they can be formulated to express 

a temperature controlled permeability. These polymers exist in a crystalline state below a 

switch temperamre, but transforms to an amorphous state when heated above the switch 

temperamre. With this ability to control the permeation of water, these polymers can be 

applied to seed and formulated to prevent the rapid influx of cold water. It may be 

hypothesized that coating cottonseed with this material, formulated to only become 

permeable above chilling temperatures, would prevent or reduce chilling injury in the 

field. Phan et al. (1992) demonstrated this permeability control phenomenon using 

Landec Intelimer coatings on sweet com and soybean. Phan et al. (1992) reported that 

6% germination in com and 6% in soybean were observed below the pre-selected trigger 
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temperamre in seed coated with the Intelimer, while germination was 80% in com and 

87% in soybean coated seed above the trigger temperamre. 

Poor quality seed and cool planting conditions often contribute to poor seedling 

performance and thus thin stands. The specific objectives of this research were threefold: 

1. To investigate the effects of seed preconditioning (partial hydration) as a means of 

reducing chilling injury and enhancing seedling performance of cottonseed. 

2. To investigate the effects of polymer seed coating as a means of reducing chilling 

injury and enhancing seedling performance of cottonseed. 

3. To investigate the interactions of seed preconditioning (partial hydration) and 

polymer seed coating as a means of reducing chilling injury and enhancing seedling 

performance of cottonseed. 
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CHAPTER n 

THE EFFECT OF CULTTVAR, MOISTURE PRECONDmONING, 

AND POLYMER FILM COATING ON COTTONSEED IMBIBITION, 

ELECTRICAL CONDUCnVFTY AND GERMINATION 

Introduction 

Over 3.5 million acres of cotton are planted each year on the Southem High Plains 

of Texas. Because the growing season is short, producers often plant early to take 

advantage of the limited seasonal heat units. One of the major obstacles producers face is 

acquiring a good stand under suboptimal springtime planting conditions. Getting a good 

stand requires an adequate number of plants per acre, healthy and uniform plants, and 

proper spacing between plants. All of these can be dramatically reduced by imbibitional 

chilling injury during germination. Increasing the number of established plants under 

suboptimal temperamres is very important in determining yield potential for the crop. 

Many producers lose stands under cold conditions and are required to replant, while 

others simply plant two to three times the seed necessary to ensure adequate stands. 

Thus, it would be an economical benefit to producers on the High Plains to be able to 

plant only the necessary cottonseed to maintain a healthy stand under cool conditions. 

Numerous smdies have shown the detrimental effects of low temperature (chilling 

injury) on imbibing seeds and emerging seedlings (Christiansen, 1964, 1968; Cole and 

Wheeler, 1974). One of the major hmitations for cottonseed is its sensitivity to cool 

temperatures at various stages of germination. Sensitivity to a chilling event depends on 
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factors such as (i) species and cultivar, (ii) initial water content of the seeds, (iii) the 

temperature to which the seed are exposed, (iv) the duration of chilling exposure, and (v) 

the period during germination when chilling exposure takes place (Bedi and Basra, 1993). 

Christiansen (1967) reported two periods of seed chilling sensitivity. The first when 

seeds are initially imbibing water and the second after 18 to 30 hours of germination at 

31 °C. The temperamre to which the sensitive seed are exposed determines the extent of 

chilling injury. Cole and Wheeler (1974) reported that temperamres below 20°C reduce 

germination and seedling emergence. Others (Christiansen, 1964, 1968; Cole and 

Wheeler, 1974) report chilling injury symptoms at temperamres between 5°C and 15°C. 

Detrimental effects include radicle tip abortion, which occurs if seeds are chilled during 

initial water imbibition, while chilling the seedling after elongation of the embryonic axis 

has begun results in root cortex disintegration (Christiansen, 1963). Cotton seed exposed 

to 5°C for 30 minutes resulted in reduced germination and induced root abnormalities 

(Christiansen 1963, 1967), while hydration for several hours killed the seed (Christiansen, 

1968). 

Imbibitional chilling injury is most often reported as damage incurred by the cell 

while rapidly imbibing cold water. Tully et al. (1981) showed that imbibitional chiUing 

injury in peas and soybean was related to the rate of imbibition, which was mediated by 

the intact seed coat. They determined that the imbibition rate for peas, a chilling tolerant 

crop, was much slower than that of soybean. Nicking the pea seed coat allowed rapid 

imbibition and induced chiUing injury symptoms. Powell and Matthews (1978) stated 

that cell death in the pea embryos occurred as a result of rapid water uptake within the 
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first two minutes of imbibition. Powell and Matthews (1979) in a follow-up smdy 

concluded that in pea embryos, chilling injury was caused by imbibition rate, 

demonstrating a relationship between percent seed coat damage and hydration rate. 

Leopold and Musgrave (1979) suggested that chilling injury in soybean involved lesions 

resulting from temperamre stress during the reorganization of membranes during 

imbibition. They also suggested that increases in leakage from cotyledons and reductions 

in respiration were consequences of these membrane lesions. It may be concluded that 

the physical dismption of membranes at cold temperamres caused cellular damage, and 

thus the degree to which imbibitional chilling injury occured was related to the rate of 

imbibition and the temperamre of the imbibed water. 

Imbibitional chilling injury tends to be magnified when tissue moismre levels are 

initially very low. Ashworth and Obendorf (1980) evaluated soybean embryonic axes for 

hydrational stress at cold temperatures. Their smdy indicated the presence of stelar 

lesions when low moismre axes were hydrated at 5°C; however, these were not evident in 

17% moismre axes. Cal and Obendorf (1972) found that com kemels hydrated to 13 and 

16% moismre were able to avoid sensitivity to imbibitional chilling injury, whereas seed 

imbibed at initially low moisture contents exhibited typical chilling symptoms. 

Christainsen (1969) noted that cottonseed were able to avoid the same type of chilling 

sensitivity when hydrated to levels above 13% seed moisture. 

Cell membranes may be largely affected due to their unorganized dehydrated state 

in dry seeds (Simon, 1974). Membranes are composed of phospholipids and proteins 

and act as boundaries between aqueous regions of the cell. A transformation in physical 
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properties of biological membranes occurs as they are warmed. This physical change 

(phase transition) is due to the reorganization of the lipid component, which changes from 

an ordered gel-like state to a random fluid state. However, when a warm season crop 

such as cotton is placed into a suboptimal temperamre regime, membranes remain rigid, 

thus when imbibition occurs subsequent loss of membrane semipermeability and cellular 

damage may occur. 

However, some data indicates that injury to dry seeds during imbibition may not 

be due to a loss of membrane semipermeability, but rather a loss of membrane integrity 

caused by rapid imbibition (Bochicchio et al., 1991). Powell and Matthews (1978) 

hypothesized that rapid early leakage of cell constiments during imbibition of dry pea 

embryos resulted in the death of cells caused by the physical dismption of membranes, 

suggesting that membrane reassembly does not keep up with the rate of imbibition, a 

phenomenon exaggerated at chilling temperatures. They noted that despite the fact that 

imbibition rates were reduced at lower temperamres, the resulting damage incurred by 

embryos was greater than at higher temperamres. Reorganization of membranes may be 

impeded at temperamres below phase transition and thus cells lose their contents, 

resulting in cellular damage (Bramlage et al., 1978). The solute loss and cellular damage 

subsequently equate to reductions in viability and seedling vigor. 

Secondary effects of imbibitional chilling injury also play a large role in reduced 

germination and emergence. One of these secondary events is increased and or sustained 

leakage of cellular substances from the seed. These substances may include amino acids, 

sugars, organic acids, gibberellic acid, phosphate, phenolics, succinate, and various 
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enzymes (Hemer, 1990). Hemer (1990) also suggests that the resulting leakage of cell 

constituents may also lead to seed decay. This decay was promoted by primary lesions 

that act as a port of entry for various pathogens. McCarter and Roncadori (1971) reported 

similar observations, noting increased susceptibility of cottonseed germinated under 

chilling condition to soil bome pathogenic attack. 

One method of reducing imbibitional chilling injury has been the use of a coating 

material on the seed to slow the entry of cold water. Priestley and Leopold (1986) 

reported that coating soybean and cottonseed with a thin coat of lanolin significantiy 

reduced chilling injury to seedlings planted in a peat:soil mixture in the greenhouse. More 

recently, seed coating and specifically film coating using polymer films have become 

available to the seed industry. Taylor (1987) noted slight improvements in chilled 

germination tests of snap beans treated with hydrophobic polymers capable of slowing the 

rate of imbibition. 

A second method of reducing chilling injury to seedlings has been to precondition 

the seed prior to planting. This involves hydrating the seed at a warm temperamre (25 to 

31°C) prior to chilling and/or planting. Bedi and Basra (1993) stated that preconditioning 

treatments may enable the seed to (i) avoid the critical stage of imbibitional chilling 

sensitivity, (ii) decrease the rate of initial water uptake at chilling temperamres, and (iii) 

attain a more rapid metabolic activation upon subsequent germination. Early work 

indicated that cottonseed were sensitive to chilling during the initial 2 to 4 hours of 

hydration (Christiansen, 1968); however, seed preconditioned by imbibing for 4 hours at 

31°C were protected against chilling injury (Christiansen, 1968, 1969; Thomas and 
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Christiansen, 1969). Thomas and Christiansen (1971) indicated that a hydrated-chilling 

treatment helped the performance of poor quality seed more than high quality seed. Cole 

and Wheeler (1974) and Cole and Christiansen (1975) reported similar results where 

preconditioning of seed imparted chilling resistance. 

The overall objective of this smdy was to investigate the main effects and 

interactions of cultivar, seed preconditioning (partial hydration), and polymer seed 

coating as a means of reducing imbibitional chilling injury and enhancing seedhng 

performance of cottonseed. The focus of this study was on the interaction of cultivar, 

seed preconditioning, and polymer seed coating on imbibition, electrical conductivity, 

and germination as they relate to imbibitional chilling injury in cotton. 

Materials and Methods 

Two widely planted cotton cultivars (Paymaster HS26 and Paymaster HS200) 

were utilized for this smdy. Seed from each cultivar were divided into 12 equal lots (3.8 

kg each). Selected at random, each of these lots was preconditioned by adjusting the 

moismre to approximately 8 (normal storage moismre percentage), 10, 12, and 14% 

moismre by suspending over various samrated salt solutions at 30°C. Samrated salt 

solutions (K2CO3 -8%, NaN02 -10%, NaNOs -12%, NH4CI -14%) were mixed in glass 

containers (265 mm X 375 mm X 55 mm) and placed in the bottom of large plastic 

containers (56 cm X 41 cm X 28 cm). Seed were spread evenly onto mesh trays, which 

were suspended over the samrated salt solutions. Fans were placed inside the plastic 

containers to maintain circulation. The plastic containers were sealed and maintained at a 
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constant 30°C . After five days the plastic containers were unsealed, the seed thoroughly 

mixed, and the containers resealed again. After a period of ten days, seed moismre 

equilibrium was obtained and the individual seed lots were allowed to air dry at room 

temperature. This method of partial hydration was used instead of submerging the seed in 

water to preclude exposing the seed to anaerobic conditions. Subsequently, each of the 

12 seed lots from each cultivar was further subdivided into three equal sublets (1.26 kg). 

One of these received no polymer seed coating, a second was coated with Daran SLl 12 

(4% of seed weight), and the third with Landec Seed Coating LL176-17 (a product of 

Landec Corp.) applied at approximately 0.8% of the seed weight. These polymer 

coatings were applied to seed using a laboratory fluidized bed seed treater (Burris et al., 

1994). 

The Daran SLl 12 and Landec polymers were chosen from a number of 

commercial polymers because of the potential to slow the uptake of water during the 

imbibition process, thus theoretically being capable of reducing imbibitional chilling 

injury during initial seed hydration under cool conditions. 

The 36 sublets of seed (representing four moismre preconditioning levels, three 

coating treatments, and three replications) for each cultivar were evaluated in the 

laboratory in 1994 and 1995. 

Laboratory testing included measurement of imbibition, electrical conductivity, a 

modified germination test, and standard warm and cool germination tests. 

Imbibition rates were conducted at 12°C and determined by placing approximately 

5 grams of seed from each treatment/replication onto 34 cm X 42 cm X 1 cm foam mats. 
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Seeds were weighed prior to placement on a foam mat. The foam mat was rolled up and 

samrated at the above mentioned temperature, allowing the excess water to drain from the 

foam mat. The seed were removed after 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, and 24.0 hours, 

blotted dry, and weighed. Imbibition rate was expressed as percent moismre based on 

initial seed weight at each of the above mentioned times. 

In addition to imbibiton rate, electrical conductivity values (EC) were measured 

also. Five grams of seed from each treatment/replication were placed in 50 ml vials. 

Seeds were soaked in 30 ml of distilled water for 24 hours at either 5 or 25°C. After 24 

hours, the leachate was decanted and allowed to equilibrate to room temperature. EC's 

were determined using a solute conductivity bridge. The data were expressed as the EC 

difference between 5°C and 25°C. The EC difference was used to determine electrolyte 

leakage caused by chilling temperatures. 

A germination test (modified germination test) after chilling was conducted also. 

One hundred seed from each treatment were imbibed at 5°C for 24 hours in rolled 

germination towels, then moved to 30°C for an additional 3 days. Seedlings were 

evaluated by determining the number of abnormal seedlings expressed as a percentage of 

seed that germinated. Abnormals were defined as any seedling having typical 

imbibitional chilling injury symptoms, such as an aborted root tip, swollen hypocotyl, 

proliferation of lateral roots, or extreme curling due to cellular damage. 

The warm germination test involved counting one hundred seed from each 

treatment/replication which were placed in rolled germination towels and placed in a 

Stults germinator set at an altemating 20/30°C temperature regime (16 and 8 hours, 
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respectively). Germination counts were made after four and seven days. Only 

germinated seedlings over 3.8 cm and normal were counted. 

The cool germination percentage was determined by placing one hundred seed 

from each treatment/replication onto standard germination towels, rolled and placed in a 

germinator set at a constant 18°C. Germination counts were made after seven days. Only 

germinated seedlings over 3.8 cm and normal were counted. 

The experimental design for the laboratory smdies was a complete randomized 

design with a factorial arrangement of cultivar, precondition moismre, and polymer 

coating treatments. Fisher's protected LSD was applied to determine significant 

differences among treatments. 

Results and Discussion 

Imbibition (Percent Seed Moismre) 

Table 2.1 indicates the percent seed moisture for the uncoated control, Daran, and 

Landec coated cottonseed imbibed at 12°C for 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, and 24.0 hours. 

In 1994, the Daran polymer did not influence percent seed moismre when compared to 

the control, except between the 2-16 hour time interval, at which modest increases (6 to 

42%) in imbibition were noted. Similar observations in increased imbibition with a 

related polymer (Daran 220) were made by West et al. (1985). As was reported by West 

et al. (1985), the Daran material is somewhat brittle and they attributed the increase in 

percent seed moismre to surface cracks which served as capillaries and/or improved 

surface tension on the seed coat enhancing water uptake. However this phenomenon was 
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not noted in 1995, as the imbibition rates for the Daran coated seed were not different 

from the uncoated control at any time interval. 

Unlike the Daran polymer, the percent seed moismre for the Landec coated seed 

imbibed at 12°C was significantly slower than the control at each time interval in 1994 

and 1995. In 1994, the percent seed moisture for the Landec coated seed was 

dramatically reduced through 24 hours as compared to the uncoated control. Reductions 

in seed moismre content (%) for the Landec treatment ranged from =55 to 70% through 

the 8 hour time interval. Although percent seed moisture was significantly lower for the 

Landec seed throughout the time course, the imbibition profiles for the uncoated control 

and the Landec coating began to converge after 4 hours. The Landec coated seed reduced 

the seed moismre content by only 22% and 13% at the 16 and 24 hour readings, 

respectively. 

When the imbibition smdy was repeated (1995), a similar imbibition profile was 

observed for the Landec coating treatment. Again, reductions in percent seed moismre 

for the Landec coating as compared to the control, were greatest from the 0.5 to 8 hour 

measurements (ranging from 50 to 60%). However, at the later stages (16 and 24 hours 

of imbibition) the Landec coating decreased the percent seed moismre by 27% and 12%, 

respectively. 

The imbibition data indicated that of the two polymer coatings (Daran and 

Landec) evaluated in the imbibition smdy, the potential exists for the Landec material to 

be an ideal coat to attenuate imbibition, especially during critical stages when 

imbibitional chilling injury is most likely to occur (Christiansen, 1967). 
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Imbibition values (percent seed moismre) for HS26 and HS200 at 12°C through 

24 hours are given in Table 2.2. The interaction between cultivar and time for percent 

seed moismre was significant in both years of the smdy. In the 1994 imbibition study, the 

HS26 seed had a slightiy lower percent seed moismre content than did HS200 at the 2.0 

and 4.0 hour intervals (2.1 and 2.3 percentage units, respectively). However, at the later 

time intervals (16.0 and 24.0 hours), HS200 had a slightiy lower percent seed moismre 

content as compared to HS26 (4.8 and 4.3 percentage units, respectively). 

In 1995, decreases in the percent seed moismre content for HS200 versus HS26 

were noted after 4.0 (2.2 percentage units) and 8.0 (7.5 percentage units) hours of 

imbibition (Table 2.2). However, at the 24 hour time interval, the HS26 had a lower 

percent seed moismre content (2.8 percentage units) than did the HS200 seed. 

Although the interaction between cultivar and time was significant in both years 

of the smdy, no common trends were observed in either year. The author speculates that 

perhaps the seed coat integrity (cracks, chips and saw nicks) may have allowed for 

variation in imbibition rates, and thus may explain some of the differences in the percent 

seed moismre contents between cultivars at the various time intervals. 

The percent seed moismre at 12°C for seed preconditioned to 8, 10, 12, and 14% 

moismre and imbibed through 24 hours was determined (Table 2.3). In 1994, the 

interaction between precondition moisture percentage and time was not significant. 

Appropriate mean separations (Fisher's protected LSD) for precondition moisture 

treatments and time are given (Table 2.3). In 1994, the only precondition treatment to 

influence the percent seed moisture content was the seed lot initially hydrated to 10% 
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moisture which had a lower percent seed hydration level. Since no trend was evident in 

percent seed moisture as affected by the precondition moisture treatments, the reduction 

in percent seed moismre at the 10% precondition treatment was difficult to explain. 

However in 1995, the precondition moismre by time interaction was significant 

(P<0.05). Table 2.3 indicates that no significant differences in percent seed moismre were 

evident for the precondition treatments through the 8 hour time interval; however, after 

16 hours of imbibition a slight trend was seen as preconditioning moisture treatments 

increased from 8% to 14%, with a resulting seed moismre content increased from 57.1 to 

62.2%. However, only the 14% precondition treatment was significantly greater than the 

8, and 10% precondition treatments. A similar trend was also evident at the 24 hour 

reading; as precondition moismre content increased from 8 to 14%, corresponding seed 

moismres percentages increased from 68.9 to 74.0%, with the 12% and 14% precondition 

treatments being significantly higher than the 8 and 10% treatments. 

Electrical Conductivity 

Electrical conductivity (EC) values were also measured to determine the extent of 

cellular damage (electrolyte leakage) during imbibition at a chilling temperature. 

Electrical conductivity values in Table 2.4 are expressed as the difference in EC readings 

for seed imbibed at 5°C and 25°C. Some loss of cellular contents is a natural 

phenomenon even under optimal imbibition conditions; therefore, AEC values were 

calculated to quantify only the damage incurred (i.e., loss of cellular contents) as a result 

of imbibitional chilling injury. In both years of the study, the amount of electrolytes 
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measured after imbibing at 5°C for the uncoated and Daran coated seed was much higher 

than at the 25°C readings. However, there was very little difference in the 5°C and 25°C 

readings for the Landec coated seed. The Landec polymer reduced AEC values by 

approximately 90% as compared to the control in 1994 and 1995. In 1994, the AEC for 

the uncoated control was 0.3820 mmhos/cm, with the Landec treated seed having a AEC 

of 0.0396 mmhos/cm. The 1995 electrical conductivity data indicated similar reductions 

in AEC values for the Landec coated seed with the control having an AEC value of 0.1630 

and the Landec treatment having a 0.0137 AEC value. Unlike the Landec polymer, the 

Daran coated seed, which did not slow imbibition, did not significantly reduce the AEC 

readings when compared to the uncoated control. In 1994, the AEC of Daran steep water 

was 0.3920 mmhos/cm and in 1995 the Daran steep water measured 0.1400 mmhos/cm. 

Although the Landec coated seed significantly reduced the amount of electrolyte leakage 

measured at 5°C versus 25°C, no significant differences in AEC values were found 

between cultivars or among preconditioning moismre treatments in 1994 or 1995 

(Table A. 1). 

Modified Germination 

Table 2.5 contains the number of abnormal germinated seedlings expressed as a 

percentage of the number of seedlings that germinated after imbibing at 5°C for 24 hours 

and subsequently germinated for 3 additional days at 30°C. The uncoated control and 

Daran coated seed had similar imbibition profiles (Table 2.1), suggesting that damage 
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incurred to the seed by cold water (5°C) might result in similar percentages of abnormal 

seedlings. The Daran material, which does not tend to slow imbibition, did not reduce 

the percentage of abnormal seedlings when compared uncoated control. Thus the 

inability of the Daran material to slow imbibition concepmally negates its potential to 

alleviate injury symptoms as a result of rapid hydration at cold temperatures. However, 

in 1994 and 1995 the Landec polymer significantly (P<0.05) reduced the number of 

abnormal seedlings as compared to the uncoated control. The Landec coated seed had 

fewer abnormal seedlings than the uncoated seed in the 1994 and 1995 studies (47% and 

66%, respectively), when subjected to the chilling treatment (5°C for 24 hours). Hence, 

the data imply that the Landec polymer has the potential to reduce cellular damage by 

slowing the rate of imbibition, and as a result reduce the number of abnormal seedhngs 

when exposed to chilling conditions (5°C) during imbibition. 

Preconditioning treatments had significant, yet contradicting germination results 

in 1994 and 1995. Table A.2 indicates that in 1994 that as precondition moismre levels 

increased, an increase in the percentage of abnormal seedlings was observed with the 

14% preconditioned moismre seed having a higher percentage of abnormal seedlings than 

the 8 and 10% moisture preconditioned seed (78 and 72%, respectively). The increase in 

abnormals as a response to precondition treatments in 1994 cannot be explained. It does 

seem, however, that the preconditioning treatments imposed conditions that may have 

allowed the seed to deteriorate slightiy under the warm, moist conditions to which they 

were subjected for hydration. DeLouch and Baskin (1973) proposed that a decline in 

germination is proportional to the initial physiological potential of the seed. If the 1994 
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seed lots started at an initially low state of vigor, then the abnormal seedlings might have 

been a direct result of increasing levels seed deterioration. 

Conversely, the 1995 data suggest that an inverse relationship exits between 

precondition moisture and percentage of abnormal seedlings. Thus the 1995 data suggest 

that preconditioned seed were imparted with some degree of reduced sensitivity to the 24 

hours of imbibition at 5°C. The percentage of abnormal seedlings decreased from 11.7% 

at 8% moismre preconditioning to 3.9% at 14% moismre preconditioning. Since the 

physiological mechanism(s) by which preconditioning treatments impart resistance to 

chilling injury are not well understood, it is difficult to speculate as to the variation in 

response seen in the successive years of the study. 

The number of abnormal seedlings determined as a response to the cultivar 

treatments was not significant in 1994 or in 1995 (Table A.2). Neither HS26 nor HS200 

exhibited a difference in the percentage of abnormal seedlings when exposed to 5°C for 

24 hours and then allowed to germinate under favorable conditions for three days. 

Germination (Cool and Warm) 

The direct influence on cool germination values by the Landec coating was 

significant. In 1994 the Landec coated seed had a notable decrease (26%) in the number 

of germinated seedlings as compared to the uncoated control, when averaged across 

cultivars (Table 2.6). However in 1995, reductions in cool germination were not noted 

with the Landec coated seed as compared to the uncoated control. However, it is 

important to mention that many of the Landec seedlings germinated, but did not meet the 

27 



3.8 cm criteria for the seven day count. This may be in part, due to the lag in imbibition 

attributed to the Landec polymer. Had the germination counts been made after a period 

of approximately 10-12 days, the cool germination percentages for the Landec coated 

seed would likely have approached the uncoated control. One problem that may have 

compounded the reduced rates of water uptake, was the fact that when seed were placed 

in the germination towels, very littie of the seed surface was in direct contact with the 

towel. Therefore, reductions in percent seed moismre reported in the imbibition smdy 

could thus be further compounded by the lack of seed to media contact. It is possible that 

because of the reduced imbibition rates, cool germination percentages may have been 

notably lower after seven days. 

As was noted in the cool germination data, the Landec coating tended to decreased 

the warm germination percentages (Table 2.7). In the 1994 warm germination test, the 

germination percentage for the uncoated control was 82.9% as compared to the Landec 

coated seed which had a 75.1% germination percentage when averaged across cultivars. 

In 1995 the warm germination percentage for the uncoated control was 89.3% as 

compared to 85% for the Landec coated seed. The differences, although modest, were 

significant. Although difficult to determine, it is possible that the reduced warm 

germination percentages for the Landec coated seed may have been due to noticeable 

increases in fungal growth at these temperatures (altemating 20°C-30°C). Previously, the 

author reported decreases in cool germination percentages for the Landec coated seed, 

and attributed this decrease to the slowed rate of imbibition. However, at the 

temperatures to which the seed were subjected for the warm germination (20°C-30°C), it 
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does not appear that the Landec material reduced imbibition rates enough to negatively 

affect warm germination percentages. It was evident that the Landec coating stimulated 

fungal growth on the seedlings, thus causing some seedlings to be classified as abnormal 

and subsequently not counted for the warm germination percentage. However, it seems 

likely that one or the both of these factors resulted in decreased warm germination 

percentages for the Landec treatment. 

Cool germination data (Table 2.6) indicate that the number of germinated 

seedlings was not reduced by the Daran polymer in 1994; although in 1995, the 

germination percentage for the Daran treated seed was less than the uncoated control. 

Warm germination data (Table 2.7) indicate the germination percentage for seed treated 

with the Daran polymer was not affected as compared to the uncoated control in either 

year. 

The cool germination percentages (Table 2.6) were higher for HS26 than HS200 

in both years of the smdy. In 1994 and 1995, the HS26 had a 55% and 40%, respectively, 

higher cool germination percentage than HS200. Although HS26 is thought to be 

somewhat more cold tolerant than HS200, the differences in the cool germination data 

indicate that the differences in cultivar may also be due to the relative vigor of the seed 

lots. Warm germination percentages (Table 2.7) for HS26 were somewhat higher (16%) 

than HS200 in 1994. However, the warm germination percentages for the two cultivars 

were not different in 1995. 

Precondition moismre treatments had no influence on standard cool or warm 

germination tests in either the 1994 or 1995 studies (Tables A.3 and A.4.). 
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Discussion 

Many studies have reported that imbibition rate and the temperature at which 

imbibition occurs is a major contributor to determining the amount of chilling injury in 

germinating cotton seed. Therefore, any chilling injury reduction using a material such as 

the Landec polymer may be attributed to its ability to reduce the imbibition rate. When 

applied to chilling sensitive seed, it is apparent the material may reduce cellular damage. 

Hence, membrane mpmre and the resulting loss of cellular constiments may be mitigated 

by the use of a water imbibition slowing material, such as the Landec material. The 

significant reductions in AEC values (Table 2.3) suggest that the coating plays an 

important role in reducing imbibition rates and subsequent cellular mpmre caused by 

rapid hydration of cells at suboptimal temperamres. This theory was further supported by 

significant reductions in abnormal seedlings when seed were imbibed at a cold 

temperamre for 24 hours. However, the impact of slowing imbibition also resulted in 

reduced germination percentages (cool and warm). This was probably more of a slowing 

phenomenon since the seed to media contact becomes especially critical when applying a 

hydrophobic material capable of having such a large impact on imbibition and subsequent 

germination. 

Cultivar differences in imbibitional chilling injury was not noted. Of the tests 

reported in this chapter, the only conclusion that may be inferred from the data is that the 

cool and warm germination percentages for HS26 were higher than HS200 in 1994. In 

the 1995 follow-up smdy, again the cool germination percentage was higher for the HS26 

seed. As previously mentioned, this may have been a direct result of seed vigor 
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differences between lots in each of the corresponding years of the study. However, none 

of the data collected (imbibition, EC, modified germination) indicated any trends or direct 

evidence that one cultivar has more tolerance to imbibitional chilling injury than the 

other. 

Precondition moismre treatments used in this smdy were not an effective tool in 

reducing cotton's sensitivity to imbibitional chilling injury. The specific method utilized 

to precondition the seed provided no physical or physiological protection against 

imbibitional chilling injury. Most investigators that have been successful in mitigating 

chilling injury have used hydration methods whereby seed are either soaked or seed coats 

removed when hydrating over salt solutions. However, since neither of these techniques 

is commercially practical, our decision was to use whole seed placed in a humid 

environment and subsequently dried to prevent losses of seed quality. Ultimately this 

method of preconditioning proved non-effective on consistently reducing EC's or 

abnormal seedlings. 

These studies did however indicate that there are some viable implications of 

using a synthetic polymer coating with specific physical properties that can be applied to 

seed to specifically target imbibitional chilling injury. It is important to emphasize 

however, that the application of a polymer such as the Landec material, is critical. Non

uniform coverage and/or over application of the product may reduce imbibition to the 

point that the metabolic events in seed germination are delayed. Conversely, non-uniform 

or under application could reduce or annul the impact of slowing imbibition and, 

therefore be ineffective in reducing imbibitional chiUing injury. 
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Future research is needed to test the effects of polymer coatings on seed lots 

especially low in vigor or having a large number of cracked seed with poor seed coat 

integrity (both of which are highly susceptible to imbibitional chilling injury). The 

potential exists in the future that commercial applications of polymers could encompass a 

wide variety of uses, among them being enhancement of germination under imbibitional 

chilling conditions. 
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Table 2.1 Percent seed moisture of uncoated control, Daran SLl 12, and Landec coated 
cotton seed imbibed at l2°Cfor0.5. 1.0,2.0,4.0,8.0, 16.0, and 24.0 hours. 

Time (hrs.) 

0.5 
1.0 
2.0 
4.0 
8.0 

16.0 
24.0 

Control 

5.3a^ 
6.2a 

10.4b 
21.7b 
51.0b 
69.7b 
78.6a 

1994 

Daran 

5.4a 
8.1a 

14.8a 
30.3a 
55.8a 
73.9a 
80.2a 

Year 

Landec Control 

1.8b 
2.5b 
3.8c 
6.5c 

23.4c 
54.1c 
68.0b 

4.2a 
4.7a 
6.0a 

10.7a 
40.0a 
65.6a 
74.0a 

1995 

Daran 

4.4a 
4.7a 
5.9a 

11.6a 
38.9a 
64.9a 
75.1a 

Landec 

2.0b 
2.3b 
2.8b 
4.4b 

19.6b 
48.0b 
65.1b 

tCoat means within a year and time followed by the same lowercase letter are not 
significantly different at the 0.05 level of probability. 
1994 Fisher's protected LSD=2.2% 
1995 Fisher's protected LSD=2.1% 
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Table 2.2 Percent seed moismre of HS26 and HS200 imbibed at 12°C for 0.5, 1.0, 2.0. 
4.0,8.0, 16.0, and 24.0 hours. 

Time 

0.5 
1.0 
2.0 
4.0 
8.0 
16.0 
24.0 

(hrs.) HS26 

4.3a' 
5.2a 
8.6b 

18.4b 
44.0a 
68.3a 
77.8a 

1994 

HS200 

4.0a 
5.9a 

10.7a 
20.7a 
42.7a 
63.5b 
73.5b 

Year 

— /c occu iviuijiurc— 

HS26 

3.5a 
4.0a 
5.1a 

10.0a 
36.6a 
60.2a 
70.0b 

1995 

Hs:oo 

3.5a 
3.8a 
4.7a 
7.8b 

29.1b 
58.7a 
72.8a 

tCultivar means within a year and time followed by the same lowercase letter are not 
significantly different at the 0.05 level of probability. 
1994 Fisher's protected LSD=1.8% 
1995 Fisher's protected LSD=1.7% 
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Table 2.3 Percent seed moisture of seed preconditioned to 8, 10, 12, and 14% moisture 
and imbibed at 12°C for 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, and 24.0 hours. 

Time(hrs.) 

0.5 
1.0 
2.0 
4.0 
8.0 

16.0 
24.0 
Mean 

8 

3.8 
5.3 
9.7 

19.6 
43.5 
66.7 
76.5 
32.2At 

1994 

10 

4.2 
4.8 
8.8 

16.9 
40.7 
65.2 
74.4 
30.7B 

12 

4.2 
6.1 
9.9 

21.3 
45.5 
65.2 
75.6 
32.5A 

14 

Year 

8 

— /c occu 
4.5 
6.1 

10.2 
20.3 
43.8 
66.5 
75.9 
32.5A 

3.6a1: 
3.8a 
5.1a 
9.5a 

32.1a 
57.1bc 
68.9b 

1995 

10 

3.3a 
4.0a 
4.1a 
7.7a 

32.4a 
58.8bc 
69.2b 

12 

3.4a 
3.7a 
5.2a 
9.3a 

32.6a 
59.9ab 
73.5a 

14 

3.8a 
4.1a 
5.1a 
9.2a 

34.3a 
62.2a 
74.0a 

tPrecondition moismre means within a year followed by the same uppercase letter are not 
significantly different at the 0.05 level of probability. 
1994 Fisher's protected LSD=0.964% 

^Precondition moismre means within a year and time followed by the same lowercase 
letter are not significantiy different at the 0.05 level of probability. 
1995 Fisher's protected LSD=2.46% 
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Table 2.4 Electrical conductivity expressed as the difference in EC values at 5°C and 
25°C (EC@5°C - EC@25°C) for the uncoated control, Daran SLl 12, and Landec coated 
seed. 

Year 

Coat 1994 1995 

mmhos/cm 
Control 0.3820at 0.1630a 
Daran SLl 12 0.3920a 0.1400a 
Landec 0.0396b 0.0137b 

tCoat means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=0.208 mmhos/cm 
1995 Fisher's protected LSD=0.123 mmhos/cm 

36 



Table 2.5 Abnormal seedlings expressed as a percentage of total germinated seedlings. 

Year 

1994 1995 
Coat 

% Abnormals 
Uncoated 24.7at 8.8a 
Daran SLl 12 32.0a 10.3a 
Landec 13.0b 3.0b 

tCoat means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=8.5% 
1995 Fisher's protected LSD=2.8% 
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Table 2.6 Cool germination (18°C) percentages for HS26 and HS200 treated with no 
coating, Daran SLl 12, and Landec coatings. 

Coat 

Uncoated 
Daran SLl 12 
Landec 
Means 

HS26 

80.8 
70.0 
66.2 
72.3at 

1994 

HS200 

51.8 
56.1 
32.0 
46.6b 

Year 

Mean 

%-

66.3A+ 
63.0 A 
49. IB 

HS26 

53.0 
33.2 
42.2 
42.8a 

1995 

HS200 

33.6 
27.2 
30.7 
30.5b 

Mean 

43.3A 
30.2B 
36.4AB 

tCultivar means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=5.6% 
1995 Fisher's protected LSD=9.6% 

$Coat means within a year followed by the same uppercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=6.8% 
1995 Fisher's protected LSD=11.7% 
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Table 2.7 Warm germination (altemating 20°-30°C) percentages for HS26 and HS200 
treated with no coating, Daran SLl 12, and Landec coating. 

Coat 

Uncoated 
Daran SLl 12 
Landec 
Means 

HS26 

88.6 
85.9 
82.3 
85.6at 

1994 

HS200 

77.2 
75.5 
68.0 
73.6b 

Year 

Mean 

% . . . 

82.9A:r 
80.7A 
75.1B 

HS26 

89.8 
87.9 
84.3 
87.7a 

1995 

HS200 

88.8 
88.8 
85.7 
87.3a 

Mean 

89.3A 
88.3A 
85.0B 

tCultivar means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=2.4% 
1995 Fisher's protected LSD=2.6% 

tCoat means within a year followed by the same uppercase letter are not significantiy 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=2.9% 
1995 Fisher's protected LSD=3.2% 
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CHAPTER m 

THE EFFECT OF CULTIVAR, MOISTURE PRE-CONDFTIONING 

AND POLYMER FILM COATING ON COTTON SEEDLING 

ROOT GROWTH AND FIELD EMERGENCE 

Introduction 

Cotton production (quantity and quality) on the Southem High Plains of Texas 

(where about 20% of the U.S. cotton is produced) is limited by a number of factors. 

Environmental limitations include cool spring and fall temperatures, seedling diseases, 

blowing sand, desiccating winds, water deficits, insects, and competition from weeds. 

However, the first and often most difficult obstacle to control in obtaining a productive 

crop is the establishment of a uniform, healthy stand under cool spring temperamres. 

Because of the limited growing season (ca. 2000-2500 heat units) available for High 

Plains cotton production, the crop must often be planted early under suboptimal 

temperamre conditions. These cool conditions are very common on the High Plains due 

to the high elevation (ca. 1000 meters) and dry air as well as the potential for cold fronts 

during the planting season. Variation in air temperamre, radiation, soil color, and 

precipitation can cause soil temperamres to be extremely cool during planting. However, 

early planting allows for earlier crop mamrity, thus enhancing yields and fiber quality 

before fall temperamres drop below critical levels. Smdies have indicated that when 

cotton is planted early under suboptimal temperamre conditions, only 40% to 60% of the 

total seeds planted ever result in established and productive plants (Staus and Hopper, 
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1983; Gregory et al.,1986; Hopper and Gregory, 1986). This low stand establishment 

percentage is currently costing producers millions of dollars in seed costs alone. If the 

establishment percentage could be increased from the current 50% to 90%, seed cost 

could be reduced dramatically. Even greater savings would be expected from the use of 

certified, hybrid, and genetically engineered seed. Each year reduced yields and fiber 

quality are consequences of currently obtained inadequate stands. 

Producers faced with the constraint of having to plant early risk high seedling 

mortality, delayed emergence, reduced yield, and lower fiber quality (Christiansen, 1964: 

Christiansen and Thomas, 1969; Thomas and Christiansen, 1971: Wanjura et al., 1969). 

Numerous studies have shown the detrimental effects of low temperature (chilling injury) 

on imbibing seeds and emerging seedlings (Christiansen, 1964, 1968; Cole and Wheeler, 

1974). Christiansen (1967) reported two periods of seed chilling sensitivity during seed 

imbibition and germination. The first when seeds are initially imbibing water and the 

second after 18 to 30 hours of germination at 3rC. Chilling injury associated with 

imbibing seeds is manifest by radicle tip abortion while chilling the seedling after 

elongation of the embryonic axis has started results in root cortex disintegration 

(Christiansen, 1963). Christiansen (1964) reported that subsequent seedling growth at 

favorable temperamres was directly related to the length of the cold period. Steiner and 

Jacobsen (1992) reported a third period of chilling sensitivity extending from 140 to 170 

hours after planting. This time corresponds to impending seedling (hypocotyl) 

emergence. Most of these studies used temperatures from approximately 5° to 15X to 
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induce the chilling injury, although. Cole and Wheeler (1974) reported that temperatures 

below 20°C reduce germination of cottonseed and seedling emergence. 

Although chilling injury in cotton is not limited to the period of initial water 

uptake (Christiansen, 1967), numerous smdies have indicated initial imbibition to be an 

extremely critical stage of chilling sensitivity. One of the results of imbibitional chilling 

injury is a profuse amount of leakage of cellular constiments (Bramlage et al., 1978). 

Leopold and Musgrave (1979) also observed this phenomenon in soybean, where they 

determined that the outmsh of solutes from coteledonary tissue was almost twice what 

was observed in the unchilled control. 

Bramlage et al. (1978) suggested that leakage during hydrational chilling is 

related directly to delayed and/or faulty membrane reorganization. Membranes are 

composed of a mixmre of proteins and a phospholipid bilayer. As a phospholipid warms, 

it undergoes a change in physical properties. This phase transition is due to a 

reorganization (melting) of the fatty acyl side chains which change from a highly 

ordered, gel like state to a more mobile state. However, when a warm season crop such 

as cotton is placed into a suboptimal temperature regime, membranes remain rigid, thus 

when imbibition takes place subsequent membrane mpmre and cellular damage may 

occur. 

Imbibitional injury in seeds primarily occurs in response to initially low seed 

moismre contents. Simon (1974) proposed that membranes of dry seeds are dehydrated 

and leaky, allowing passive diffusion of cellular substances when seeds are wetted. Upon 

imbibition (rehydration) the normal lamellar phospholipid stmcture should reform, 
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allowing the membrane to reorganize and selective permeability to be reestablished. He 

also suggested that when dry seeds imbibe at chilling temperamres, the phospholipids are 

unable to change rapidly from a hexagonal (dehydrated) arrangement to the lamellar 

arrangement because they are in a gelled or rigid state. Membrane reorganization may be 

impeded at temperamres below phase transition and thus cells may be damaged. Many 

smdies have indicated that hydrational stress during imbibition of cold water was a direct 

result of low tissue moismre. Ashworth and Obendorf (1980) noted that 6% moisture 

content soybean axes when imbibed under chilling conditions exhibited a break or lesion 

that transversed the stele. Cohn and Obendorf (1978) observed similar lesions in 5% 

moismre com kemels. In cotton, Christiansen (1969) indicated that cottonseed was more 

sensitive to chilling when moismre levels were below 13%. However in all of these 

cases, chilling injury was averted by raising the initial moismre content. 

The cellular damage incurred at low temperatures has been directly related to 

imbibition rate. Tully et al. (1981) showed that the sensitivity of seeds to imbibitional 

chilling injury was related to the imbibition rate in peas and soybean, which is a function 

of the intact seed coat. They determined that the imbibition rate for peas, a chilling 

tolerant crop, was much slower than that of soybean. Nicking the pea seed coat allowed 

rapid imbibition and induced chilling injury symptoms, suggesting that cell death in the 

pea embryos occurred as a result of rapid water uptake within the first two minutes of 

imbibition. Powell and Matthews (1978) hypothesized that rapid early leakage of cell 

constiments during imbibition of dry embryos resulted from the death of cells caused by 

the physical dismption of membranes, suggesting that membrane reassembly does not 
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keep up with the rate of imbibition, a phenomenon exaggerated at chilling temperamres. 

In a follow-up study, Powell and Matthews (1979) concluded tiiat in pea embryos, 

chilling injury was caused by imbibition rate, demonstrating a relationship between 

percent seed coat damage and hydration rate. Attempts to reduce chilling damage on dry 

pea embryos by slowing imbibtion rates with osmotic solutions have proven successful 

(Ashworth and Obendorf, 1980; Powell and Matthews, 1978: Tully et al., 1981). It may 

be concluded that the physical dismption of membranes at cold temperamres causes 

cellular damage, and thus the degree to which chilling injury occured was related to the 

rate of imbibition. 

Attempts to reduce injury to seedlings from cold temperamres have included 

selection for cold tolerance, preconditioning seed, and the use of coating materials to slow 

initial water imbibition. Genetic differences in susceptibility to cold injury have been 

reported and currently are being incorporated into a number of breeding programs (Cole 

and Christiansen, 1975; Bradow, 1991; Steiner and Jacobsen, 1992). 

A second method of reducing chilling injury to seedlings has been to precondition 

the seed prior to planting. This involves hydrating the seed at a warm temperamre (25 to 

31°C) prior to chilling and/or planting. However, results have been somewhat variable 

with literamre in the 1960s and early 1970s reporting favorable results predominately 

under laboratory conditions while results reported in the late 1970s showed little or no 

advantage of preconditioning under field conditions. Early work indicated that 

cottonseed were sensitive to chilling during the initial 2 to 4 hours of hydration 

(Christiansen, 1968); however, seed preconditioned by imbibing for 4 hours at 3rC 
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were protected against chilling injury (Christiansen, 1968, 1969: Thomas and 

Christiansen, 1969). Thomas and Christiansen (1971) indicated that a hydrated-chilling 

treatment helped the performance of poor quality seed more than high quality seed. Cole 

and Wheeler (1974) and Cole and Christiansen (1975) also reported similar results where 

preconditioning of seed imparted chilling resistance. Buxton et al. (1977) and Fowler 

(1979) reported beneficial effects of seed preconditioning on laboratory germination and 

growth; however, both smdies reported no beneficial effects under field conditions. 

Wanjura and Minton (1974) also noted no beneficial effects on germination or emergence 

of preplant hydrated or hydrated-chilled seed under greenhouse conditions. 

A third method of reducing imbibitional chilling injury has been the use of a 

coating material on the seed to slow the entry of cold water. Priestley and Leopold (1986) 

reported that coating soybean and cottonseed with a thin coat of lanolin significantly 

reduced chilling injury to seedlings planted in a peat:soil mixture in the greenhouse. 

However, they reported that field smdies with soybean seed to be somewhat erratic. 

More recently seed coating and specifically film coating using polymer films have 

become available to the seed industry. Taylor (1987) noted slight improvements in 

chilled gennination tests of snap beans treated with hydrophobic polymers capable of 

slowing the rate of imbibition. 

The overall objective of this smdy was to investigate the interactions of cultivar, 

seed preconditioning (partial hydration), and polymer seed coating as a means of reducing 

imbibitional chilling injury and enhancing seedling performance of cottonseed. The focus 
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of this study was on the interaction of cultivar, seed preconditioning and polymer seed 

coating on laboratory root growth and field emergence and establishment. 

Materials and Methods 

In tills smdy, two widely planted cotton cultivars (Paymaster HS26 and Paymaster 

HS200) were used. Seed from each cultivar were divided into 12 equal lots (3.78 kg 

each). Selected at random, each of these lots were preconditioned by adjusting the 

moismre to approximately 8 (normal storage moismre percentage), 10, 12, and 14% 

moismre by suspending the seed over various saturated salt solutions at 30°C. Samrated 

salt solutions (K2CO3 - 8%, NaN02 -10%, NaNOs -12%, NH4CI -14%) were mixed in 

glass containers (265 mm X 375 mm X 55 mm) and then placed in the bottom of large 

plastic containers (56 cm X 41 cm X 28 cm). Seed were spread evenly onto mesh trays, 

which were suspended over the samrated salt solutions. Fans were placed inside the 

plastic containers to maintain circulation. The plastic containers were sealed and 

maintained at a constant 30°C. After five days, the plastic containers were unsealed and 

the seed thoroughly mixed and the containers resealed. After a period of ten days, 

equilibrium was obtained and the individual seed lots were allowed to air dry at room 

temperamre. This method of partial hydration was used instead of submerging the seed in 

water to preclude exposing the seed to anaerobic conditions. Subsequently, each of the 

12 seed lots from each cultivar was further subdivided into three equal sublets (1.26 kg). 

One of these received no polymer seed coating, a second was coated with Daran SLl 12 

(4% of seed weight), and die tiiird with Landec Seed Coating LL176-17 (a product of 

46 



Landec Corp.) applied at approximately 0.8% of the seed weight. These polymer 

coatings were applied to seed using a prototype laboratory fluidized bed seed treater 

(Burris etal., 1994). 

The Daran SLl 12 and Landec polymers were chosen from a number of 

commercial polymers with the potential to slow the uptake of water during the imbibition 

process, thus theoretically being capable of reducing imbibitional chilling injury during 

initial seed hydration under cool conditions. 

The 36 sublets of seed (representing four moismre preconditioning levels, three 

coating treatments, and three replications) for each cultivar were evaluated in the 

laboratory and field. All tests were conducted in 1994 and 1995. 

Laboratory testing was conducted to determine root length after seven days in 

germination growth pouches. Five seeds from each treatment/replication were evaluated 

for radicle length after seven days at 12°, 15°, 18°, and 2rC. The seeds were placed in 

clear plastic growth pouches (17.5 cm x 16.5 cm), to which 25 ml of water was 

previously added and allowed to equilibrate to the above mentioned temperamres. Each 

pouch contains a 15.5 cm x 12.5 cm piece of germination paper, which had a 2 cm fold 

across the top. Five small perforations were made in the fold to which individual seed 

were placed, allowing radicles to grow through the perforation. The pouches were 

arranged on stainless steel racks and placed in a Smlts germinator at the above mentioned 

temperamres. Radicle lengths (mm) were measured with a digital caliper after seven 

days of growth. The experimental design used for the root smdy was a split-plot factorial. 

Temperamre treatments were the main plots and with a factorial subplot arrangement of 
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cultivar, polymer coating, and precondition moisture treatments. The smdy was twice 

repeated to provide three replications. Fisher's protected LSD was applied to determine 

significant differences among treatments. 

Seed from the 36 sublets (representing the four moisture preconditioning levels, 

three coating treatments, and three replications) were field tested at the Texas Tech 

University research farm, east of New Deal, Texas. The soil type at the New Deal farm 

was a Pullman clay loam (torrertic Paleustoll). The planting was done with an 

International 800 series 4 row bed planter with research cone attachments. Four row plots 

11 meters long were utilized as individual experimental units. In 1994, the plots were 

planted on April 21 (considered early for the Lubbock area) at a rate of 19.69 seeds per 

meter of row. In 1995, plots were planted on April 23 at a rate of 16.40 seeds per meter 

of row. The experimental design for the field smdy was a randomized block design with 

a factorial arrangement of cultivar, preconditioning moismre, and polymer coating 

treatments. Fisher's protected LSD was applied to determine significant differences 

among treatments. 

An emergence rate index was calculated by taking stand counts (emergence) on a 

three meter section of a center row that was collected daily for 28 days after planting. 

The following formula was used to calculate the emergence rate index. 

28 
ERI = I [ E i ( ( Y + l ) - X i ) ] 

i=l 

where: ERI = Emergence rate index, 

Ei = Accumulative emergence on day i, 
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Y = Total number of days of emergence counts, 

Xi = Assumes the value of i (day of counting after planting). 

An establishment index was also calculated four weeks after planting (4 WAP). 

The number of surviving plants 4 WAP expressed as a percentage of tiie total number of 

seeds planted constimted the establishment index. 

Results and Discussion 

As reported in the earlier work done by the author (Chapter A), Landec coated 

cotton seeds imbibed water at a slower rate than did the untreated seed. This trend was 

seen at 12°C which has been reported as a temperature responsible for imbibitional 

chilling injury. As discussed in Chapter n, the potential of the Landec coating to slow 

imbibition, reduce electrical conductivity values, decrease the number of abnormal 

seedlings, and therefore mitigate imbibitional chilling injury was noteworthy. It is 

important to note that the slowed imbibition rate for the Landec polymer also may be 

partly responsible for reducing germination in standard warm and cool germination tests 

(Chapter II). The ultimate test, however, is to evaluate these treatments under field 

conditions. Therefore, the objective of this smdy was to evaluate growth parameters. 

Root growth rates measured in the laboratory and field trials to determine emergence rate 

and establishment index for two cultivars of cotton that were moisture preconditioned and 

film coated for the purpose of reducing imbibitional chilling injury were conducted. 
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Root Length (Growth Pouch) 

In order to determine the potential of the treatments to mitigate imbibitional 

chilling injury in cotton, growth pouches were used to assess average root length. Root 

lengths were measured after seven days at four temperatures (12°, 15°, 18°, 2rC). Of the 

four temperatures used, two (12°C and 15°C) have been reported to induce chilling injury 

symptoms in cotton seedlings (Christiansen, 1964). Table 3.1 indicates that in 1994 die 

seed coatings at the chilling temperatures (12°C and 15°C) had no effect on radicle 

growth. The Daran polymer at 21°C tended to decrease average root lengtiis when 

compared to the uncoated and Landec coated seed. 

In 1995, no differences in average root growth were observed at 12°, 15° or 18°C. 

There were no visible radicles at tiie 12°C temperamre. In 1995, the only significant 

differences among coatings occurred at 2rC. At 21°C, die Landec coated seed exhibited 

somewhat shorter roots than the uncoated seed. The shorter roots may have been a result 

of slower imbibition rate when the Landec material was used. Also apparent was the 

noticeable increase in fungal growth on the Landec coated seed at the 21°C temperamre. 

A similar observation was made in germination tests conducted at 20°-30°C (Chapter II). 

The seed were not treated with fungicides and thus many seeds were subject to severe 

fungal growth at 21 °C. It is probable that one or a combination of these factors resulted 

in shorter root lengths for the Landec treatment at 21 °C. 

In 1994, the temperature by cultivar interaction for root growth was significant. 

Table (3.2) indicates average root growth data after seven days for HS26 and HS200 
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germinated at 12°, 15°, 18°, and 2l°C after seven days. Differences in root length for the 

two cuUivars were not observed at 12° or 15°C. Slightly shorter root lengtiis were 

observed at 18°C for HS200 as compared to HS26, and at 21°C HS26 had somewhat 

shorter radicles than HS200. In 1995, the interaction between temperature and cultivar 

was not significant, however, HS26 did exhibit longer roots when averaged across all 

temperamres (25.1 mm) as compared to HS2(X) (21.8 mm). As expected, average root 

growth increased with increased temperamres (Table 3.2). 

Seed preconditioned to 8, 10, 12, and 14% moisture (Table 3.3) had no effect on 

average root growth in the 1994 or 1995 laboratory smdy. In 1994, average root lengths 

after seven days (averaged across all temperamres) ranged from 31.4 mm to 33.7 mm for 

preconditioning treatments, however no differences were noted. Comparable results were 

found in the 1995 smdy, as average root lengths ranged from 22.3 mm to 25.6 mm, again 

with no differences among preconditioning treatments. 

Field Emergence and Establishment 

Field plantings were conducted in the spring of 1994 and 1995. It is important to 

note that planting conditions in 1994 were unusually warm. Approximately 130 heat 

units had been received as of April 21. However, a cold front moved into the area about 

one week after planting, and for a period of seven continuous days, no heat units were 

accumulated as low temperamres remained in the mid to upper 30's and low 40's. But 

very little to no imbibitional chilling conditions were noted within the first seven days 

after planting. The 1995 planting date was typically cold for April as night time 
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temperatures dropped into the mid to upper 30's within the first 48 hours after planting. 

The cold temperattires persisted for 5 days after planting (DAP), with lows dropping into 

the 40's, after which heat units started being accumulated. 

Establishment percentages were determined four weeks after planting. A six 

week establishment count was not conducted in 1994 or 1995 because the crops were 

destroyed by hail on May 28th and June 2nd, respectively. 

In 1994, no differences in establishment percentages were noted among the 

coating treatments when averaged across cultivars (Table 3.4). The author suggests that 

this was likely due to the unusually warm planting conditions to which the seed were 

subjected the first seven days after planting. However, a cultivar difference was noted 

(Table 3.4), with a significantly higher number of HS26 seedlings emerging than HS200 

(35.4 and 27.1%, respectively). Low estabhshment indexes (4 WAP) in 1994 were 

primarily attributed to a cold front which severely damaged already established seedlings, 

as well as pressure from seedling disease. 

However, the 1995 data (Table 3.4) suggested that the Landec coating 

significantiy (P<0.05) increased the establishment percentage (4WAP) as compared to the 

uncoated control. The number of surviving seedlings (4WAP) was approximately 18% 

greater than the uncoated control. The Daran coating, which was previously reported to 

have little effect on the rate of imbibition, was not different than the uncoated control or 

tiie Landec polymer. Cultivar differences noted in 1994 were not observed in the 1995 

establishment percentages. 
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Table 3.5 indicates the establishment index percentages for seed preconditioned to 

8, 10, 12 and 14% moisture. Preconditioning moisture treatments were found to have no 

influence on the establishment index in either year of the study. Although others have 

reported mixed results with the use of hydration treatments, the preconditioning 

treatments did not affect establishment of seedlings under the unusually warm planting 

conditions of 1994 or under the cool conditions of 1995. 

Field emergence (ERI) was measured to determine the rate and totality of 

emerging seedlings. Table 3.6 indicates the emergence rate index through 28 days after 

planting for HS26 and HS200 seed with no coating, Daran SLl 12 and Landec coatings. 

In 1994 and 1995 there was no difference in emergence rate found among coating 

treatments. It was previously reported in Chapter n that a reduction in percentage of 

seedlings qualifying for germination was reduced by the Landec material primarily 

because of reduced imbibition rate. However, the emergence data (Table 3.6) indicated 

that the Landec coating does not adversely affect the rate at which the seedlings emerge 

under field conditions. 

Emergence rate indexes for the two cultivars (HS26 and HS200) are given in 

Table 3.6. In 1994, the emergence rate was higher for HS26 tiian HS200 (1598 and 1018 

units, respectively). In 1995, no differences in emergence rate were noted among the two 

cultivars. 

Table 3.7 indicated emergence rate (ERI) for seed preconditioned to 8, 10, 12 and 

14% moismre. In 1994 the means for preconditioning moismre U-eatments ranged from 

1197 to 1514 units, but no differences were found among the treatments. Similar results 
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were noted in 1995 as means ranged from 2794 to 2937 units with no differences among 

the precondition treatments. 

Discussion 

It appears that the Landec polymer coating has the ability to reduce imbibitional 

chilling injury by slowing the initial rate of imbibition (Chapter U) without adversely 

affecting the rate of emergence. No reductions in average root growth due to the Landec 

coating were seen in laboratory tests in either year, except at 21°C in 1995. However, 

slowed imbibition rate for the Landec coated seed in combination with fungal pressure at 

21°C combined to slightly inhibit root growth as compared to the control. 

Field data indicate that emergence rate is not reduced by the coating treatments 

(Table 3.5). It was suspected that due to reduced imbibition rates and slightiy reduced 

germination percentages for the Landec coated seed (Chapter H), that field emergence 

rates might be somewhat reduced. However, this was not the case as the Landec coated 

seed exhibited similar emergence rates as the Daran coated seed and the uncoated control. 

Once the radicle protmdes through the seed coat the polymer coating has littie or 

no effect on negating imbibitional chilling injury as was evident in the 1994 planting 

season. However in 1995, establishment percentages were greater for the Landec coated 

seed when planted into cold soils. Since imbibition is the initial process by which 

embryonic tissue is hydrated, the Landec coating may act as a protective barrier against 

the damaging chilhng events that occur during this sensitive stage in germination. Field 

data indicated that a polymer capable of slowing the rate of imbibition at chilling 
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temperatures may reduce cellular damage and increase cotton seedling survival without 

reducing the rate of emergence. 
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Table 3.1 Average growth pouch root length (mm) after seven days of uncoated, Daran 
SLl 12, and Landec coated seed at 12°C, 15°C, 18°C, and 21°C. 

Coat 

Uncoated 
Daran SLl 12 
Landec 

Year 

1994 

12C 15C 18C 21C 12C 

2.4atA$ 10.2aB 48.7abC 70.8aD 0.0 aA 
1.4aA 10.5aB 45.8bC 63.4bD O.OaA 
2.4aA 11.3aB 53.2aC 70.6aD O.OaA 

1995 

15C 18C 

10.3aB 23.5aC 
10.4aB 22.8aC 
9.0aB 18.8aC 

21C 

67.4aD 
62.9abD 
56.1bD 

tCoat means within a year and temperature followed by the same lowercase letter are not 
significantly different at the 0.05 level of probability. 
1994 Fisher's protected LSD=4.6mm 
1995 Fisher's protected LSD=4.5mm 

^Temperamre means within a year and coat followed by the same uppercase letter are not 
significantly different at the 0.05 level of probability. 
1994 Fisher's protected LSD=4.6nmi 
1995 Fisher's protected LSD=4.5nun 
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Table 3.2 Average growth pouch root length (mm) after seven days of HS26 and HS200 
seed germinated at 12°, 15°, 18°, and 2l°C. 

Year 

Cuhivar 
1994 1995 

12C 15C 18C 21C 12C 15C 18C 21C Mean 

HS26 
HS200 
Mean 

•mm-
2.9atA1: 9.9aB 51.9aC 64.2bD 0.0 11.3 24.5 64.4 25.1A1 
1.2aA 11.4aB 46.6bC 72.4aD 0.0 8.5 18.9 59.8 21.8B 

0.0d§ 9.9c 21.7b 62.1a 

tTemperamre means within a year and cultivar followed by the same upperrcase letter are 
not significantly different at the 0.05 level of probobility. 
1994 Fisher's protected LSD=3.8mm 

tCultivar means within a year and temperature followed by the same lowercase letter are 
not significantiy different at the 0.05 level of probability. 
1994 Fisher's protected LSD= 3.8mm 

§Temperamre means (averaged across cultivars) within a year and followed by the same 
lowercase letter are not significantiy different at the 0.05 level of probability. 
1995 Fisher's protected LSD=3.5mm 

ICultivar means (averaged across temperamres) within a year followed by the same 
uppercase letter are not significantly different at the 0.05 level of probability. 
1995 Fisher's protected LSD= 1.9mm 
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Table 3.3 Average root lengths (mm) after seven days of seed preconditioned to 8, 10, 12 
and 14% initial moisture and germinated at 12°, 15°, 18°, and 21°C. 

Precondition Year 
Moisture (%) 

1994 1995 

mm 
8 32.3 25.6 

10 32.9 22.3 
12 33.7 23.5 
14 31.4 22.4 
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Table 3.4 Establishment index percentages (4WAP) for HS26 and HS200 with no 
coating, Daran SLl 12, and Landec coatings. 

Year 

Coat 

Uncoated 
Daran SLl 12 
Landec 
Mean 

HS26 

32.7 
39.2 
34.2 
35.4at 

1994 

HS200 

30.6 
23.3 
27.5 
27.1b 

Mean 

% -

31.7 At 
31.3A 
30.8A 

HS26 

44.4 
42.3 
48.9 
45.2a 

1995 

HS200 

43.2 
51.6 
54.4 
49.7a 

Mean 

43.8B 
47.0AB 
51.6A 

tCultivar means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=7.1% 
1995 Fisher's protected LSD=5.0% 

tCoat means within a year followed by the same uppercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=8.7% 
1995 Fisher's protected LSD=6.1% 
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Table 3.5 Establishment index percentages (4WAP) for seed preconditioned to 8. 10, 12. 
and 14% moisture. 

Year 

Precondition 
Moismre (%) 

8 
10 
12 
14 

1994 

31.1 
31.5 
29.1 
33.3 

% 

1995 

49.6 
46.0 
48.3 
46.1 
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Table 3.6 Emergence rate index through 28 days after planting for HS26 and HS200 with 
no coating, Daran SLl 12, and Landec coatings. 

Coat 

Uncoated 
D2u-an 
Landec 
Mean 

HS26 

1546 
1675 
1572 
1598at 

1994 

HS200 

n i l 
834 

1106 
1018b 

Year 

Mean HS26 

1329 At 2659 
1255A 2482 
1339A 3010 

2717a 

1995 

HS200 

2698 
3102 
3217 
3006a 

Mean 

2678A 
2792A 
3114A 

tCultivar means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=366 units 
1995 Fisher's protected LSD=362 units 

tCoat means whithin a year followed by the same uppercase letter are not significanUy 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=449 units 
1995 Fisher's protected LSD=444 units 
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Table 3.7 Emergence rate index through 28 days after planting for seed preconditioned at 
8, 10, 12, and 14% moisture. 

Year 

Precondition 
Moismre (%) 

8 
10 
12 
14 

1994 

1197 
1277 
1243 
1514 

units 

1995 

2937 
2871 
2794 
2844 
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Table A. 1 Electrical conductivity expressed as the difference in EC values at 5°C and 
25°C (EC@5°C - EC@25°C) for HS26 and HS200 preconditioned at 8, 10, 12 and 14% 
moisture. 

Precondition 
Moisture (%) 

8 
10 
12 
14 
Mean 

HS26 

0.3744 
0.2389 
0.2700 
0.2067 
0.2725 

1994 

HS200 

0.2833 
0.3544 
0.2456 
0.1956 
0.2697 

Mean 

Year 

HS26 

mmhos/cm 
0.3289 
0.2967 
0.2578 
0.2011 

0.1300 
0.1156 
0.1278 
0.1278 
0.1253 

1995 

HS200 

0.0867 
0.1200 
0.0778 
0.0578 
0.0856 

Mean 

0.1083 
0.1178 
0.1028 
0.0928 
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Table A.2 Abnormal seedlings expressed as percentage of total germination for HS26 
and HS200 preconditioned at 8, 10, 12 and 14% moismre and imbibed at 5°C and 
subsequently germinated for 3 days at 31°C. 

Precondition 
Moisture (%) 

8 
10 
12 
14 
Mean 

HS26 

17.5 
20.3 
26.0 
37.0 
25.2at 

1994 

HS200 

19.1 
17.5 
20.6 
27.9 
21.3a 

Mean 

Year 

HS26 

18.3Bt 
18.9B 
23.3AB 
32.5A 

11.4 
7.0 
3.6 
4.0 
6.5a 

1995 

HS200 

12.0 
8.4 
8.7 
3.9 
8.3a 

Mean 

11.7A 
7.7B 
6.2BC 
3.9C 

tCultivar means within a year followed by the same lowercase letter are not significantly 
different at the 0.05 level of probability. 
1994 Fisher's protected LSD=7.0% 
1995 Fisher's protected LSD=2.3% 

tPrecondition moismre means within a year followed by the same uppercase letter are not 
significantiy different at the 0.05 level of probability. 
1994 Fisher's protected LSD=9.9% 
1995 Fisher's protected LSD=3.2% 
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Table A.3 Cool germination (18°C) percentages for seed preconditioned to 8, 10, 12 and 
14% moisture. 

Precondition 
Moismre (%) 1994 

Year 

1995 

8 
10 
12 
14 

62.4 
58.4 
56.5 
60.4 

32.9 
38.2 
36.2 
39.2 
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Table A.4 Warm germination (altemating 20°-30°C) percentages for seed preconditioned 
to 8, 10, 12 and 14% moisture. 

Precondition 
Moisture (%) 

8 
10 
12 
14 

1994 

81.4 
80.1 
79.9 
76.8 

Year 

C/^ 

1995 

88.4 
87.5 
87.8 
86.3 
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