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CHAPTER I 

INTRODUCTION 

Soil erosion caused by wind is considered to be of serious 

consequence mostly in arid and semi-arid regions, and occurs wherever 

soil, vegetation and climatic conditions are conducive. 

Tlie Great Plains of the U.S., because of low and variable 

precipitation, high frequency of drought, high temperatures and 

evaporation rates, and variable high wind velocities, has a history of 

wind erosion because of the removal of its natural vegetative cover. 

Wind erosion increased after cultivation of the Southern Great Plains 

began approximately 70 years ago. Wind erosion is an annual threat 

especially in the sandy soil areas in the early spring, because of 

frequent high winds. In 1932, Keating reported that special conditions 

were required to prevent soil blowing in March and April. 

Wind erosion is a serious problem in most of the cotton producing 

areas of the Southern Great Plains, The loamy sands, and sandy loams 

are much more susceptible to wind erosion than the sandy clay loams 

and clay loam soils. In 1966, 1967, and 1968, it was estimated that 

wind erosion in the Southern Great Plains damaged 615,000, 881,000, and 

464,000 acres, respectively. Much of this acreage was in the West 

Texas cotton producing area (Fryrear, 1969). 

The High Plains of West Texas produce a variety of vegetable 

crops, including potatoes, onions, snapbeans, carrots, cucumbers, 

1 



lettuce, tomatoes, watermelons, cabbage and green peppers. In 1974 on 

The High Plains of West Texas vegetable plantings included 10,000 acres 

of Irish potatoes, 3,500 acres of onions, 1,800 acres of carrots, 900 

acres of cucumbers, 800 acres of lettuce, 200 acres of tomatoes, 1,850 

acres of watermelons, 1,100 acres of cabbage, and 800 acres of green 

peppers (Texas Department of Agriculture, 1974). 

Many counties on the High Plains have vegetable acreages on 

sandy soils. These soils present a potential danger to the vegetable 

grower due to their erosive characteristics. During the spring plant

ing months high winds prevailing from the southwest cause considerable 

damage especially to young vegetable seedlings and transplants, result

ing in loss of stands, delayed maturity, reduced yields and crop quality. 

There is a real need to control sand damage by wind and windblown 

soil on the High Plains, therefore, the objectives of this research 

study were: 

1. To characterize type and extent of injury resulting from 

wind and windblown soil, and to evaluate various components 

of protective systems. 

2. To develop practical and economic systems for controlling 

wind and sand damage to vegetables. 



CHAPTER II 

REVIEW OF LITERATURE 

The Effect of Wind-Blown Sand on Plant Growth 

Sandblast injury to vegetable crops is a serious problem where 

large acreages of vegetables are grown on sandy soils especially in 

areas where high winds occur during and following seedling emergence. 

In the seedling stage the soil surface is usually bare and therefore 

exposed to solar radiation. The soil surface dries quickly and is 

susceptible to blowing. The erosion that results makes establishment 

of seedlings difficult, damages early growth, and reduces the market

ability of many crops. The extent of injury to a particular plant 

species will vary with several factors: (1) wind speed, (2) abrasive 

flux, (3) growth stage and vitality of the plants, (4) temperature and 

humidity of plant root and aerial environment, (5) duration of exposure, 

(6) size, shape, and density of abrasion, and (7) gustiness of wind 

(Skidmore, 1966). Histological studies have shown that wind and sand 

may cause seedling damage in two different ways: (1) by rupture of the 

plant cells by sand grains, and (2) by dessication of the injured tissue. 

Both retard plant development and increase the hazard of diseases and 

insects (Fryrear, 1971). 

In wind tunnel experiments, Lyles and Woodruff (1960) tested 

four grasses and one alfalfa variety to ascertain plant damage and 

effect on yield. Plants in flats were exposed to 12 minutes of wind

blown sand at wind velocities varying from 22 to 31 MPH. Average 
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maximum reductions in yield of fresh plant material for two years were 

18 percent for sideoats gramma, 40 percent for Indian grass, and 55 

percent for alfalfa. 

Woodruff (1956) in a similar wind tunnel experiment with winter 

wheat and wind velocities varying from 17 to 25 MPH, found that the 

heading and ripening of grain was delayed one week to 10 days on 

severely exposed plants. The depression of plant growth was found to 

be a function of the total amount of soil striking the plant. 

Skidmore (1966) conducted wind tunnel experiments to determine 

wind and sandblast injury to seedling green beans (Phaseolus vulgaris, L.). 

The treatment variables employed were: wind speeds of 20, 30, and 40 

MPH; durations of exposure of 5, 10, and 15 minutes; and abrasive flux 

of 0.0, 0.2, 0.4, and 0.6 tons of sand. The physical damage caused 

by the treatments ranged from none with winds of 20 MPH and no sand 

to almost complete destruction of plant leaves by the most severe 

treatment. Those plants exposed to wind alone showed no signs of 

damage except wind whipping. The moderately damaged plants showed 

wet necrotic areas. As the damage became more severe, the **wet spots" 

enlarged and the leaves wilted and eventually became ragged in appear

ance. Plants receiving the most severe wind and sand treatment were 

said to appear like inverted umbrellas with supports removed and the 

edges frayed. Skidmore concluded that the extent of damage increased 

linearly with wind speed and duration of exposure. Also, a small 

amount of abrasive flux greatly increased this damage. A IS-minute 

exposure of 100 pounds of sand per rod width per hour was much more 

damaging than a 5-minute exposure at 0.6 tons per rod width per hour. 



Wind-blown sand damage to cotton plants has been reported by 

both Armbrust and Fryrear. In an experiment conducted at Big Spring, 

Texas, Armbrust (1968) studied damage to cotton seedlings caused by 

wind and sand. He found that cotton lint yields were not decreased 

when 1 to 3 week old plants were exposed to less than 3.8 kg/ha 

(1.7 tons/acre) of wind-blown soil. Increases in amounts of soil 

movement greater than 3.8 kg/ha damaged young cotton plants resulting 

in decreased growth rate and lint yields, delayed first bloom and in-

creased plant mortality. 

Fryrear (1971) conducted an experiment under wind tunnel condi

tions to determine the influence of soil moisture stress on the survival 

and growth of cotton plants damaged by wind-blown sand. He concluded 

that plant survival was dependent upon age at exposure. Exposing three 

day old plants to abrasive injury resulted in an average loss of 36 

percent. When the soil was wet, recovery was significantly higher 

where the soil moisture was maintained at 11 percent. Fryrear found 

that exposing the plants to abrasive injury increased the leaf area 

per unit change in plant height. This indicated that the exposed 

plants developed new leaves to replace the damaged leaves even though 

the height of the plant was reduced. 

Armbrust (b) (1972) studied the recovery and nutrient content 

of sandblasted soybean seedlings in wind tunnel experiments. The 

seedlings tolerated 6 g/cm width/min of soil loss for 5 minutes with

out a significant decrease in dry matter production. Wind plus sand 

was more damaging than wind alone, but wind alone for 15 minutes 

reduced dry matter production although it did not affect plant height 



or root weights. Even though the dry matter production was not signif

icantly reduced by 5 minutes of wind plus sand, the concentration of 

Fe and total nitrate in the plant was increased. These were the only 

nutrients that were significantly affected. The increase of nitrate 

without a change in total N indicated a possible decrease in the 

activity of nitrate reductase. Armbrust offered no explanation for an 

increase in Fe concentrations where dry weight was unaffected. He 

concluded that sandblasting may change a plant's metabolic processes 

before there is any visual damage. 

In the 1972 Summary Annual Report of the Wind Erosion Research 

Laboratory at Manhattan, Kansas, Armbrust and Grieg conducted experi

ments with wind-blown sand on grain sorghum, winter wheat, and 

tomatoes. 

In one experiment, Parker winter wheat which fixes CO2 primarily 

by the C3 pathway, was compared to grain sorghum (RS-610), that fixes 

CO2 by the C^ pathway, for responses to damage by a 13.4 m/sec wind, 

plus 5, 10, or 15 kg of sand. Different responses were obtained in 

the two species in regards to dry weight production, net photosynthesis 

rates which, in turn, were due to reduced viable leaf area and reduced 

Ribulose 1-5 Diphosphate carboxylase activity. Sorghum dry weight was 

increased by sandblast injury. This increase was attributed to in

creased net photosynthesis and decreased dark respiration. Leaf area 

was found to increase on the treated plants while chlorophyll concen

tration decreased. Phosphophenol Pyruvate carboxylase activity and 

Total nitrogen were unaffected by the treatments (Armbrust, 1972). 



In a similar experiment designed to determine the effect of wind 

and sandblasting on number of flowers, fruit set, yield, and quality 

of transplanted tomatoes, Armbrust and Grieg (1972) exposed Jetstar 

hybrid tomatoes to a 13.4 m/sec (30 MPH) wind speed and sand 

(.297 to .42mm) at a rate of 6 g/cm width/min for 10 to 20 minutes at 

4 and 5 weeks after seeding. They found that wind and sandblast damage 

reduces yields by reducing the number of flowers per cluster and the 

number of mature fruit. Reduction in number of flowers was found in 

at least the first three clusters when tomato seedlings were sand

blasted. Total yields were found to be reduced to a lesser extent 

(19 percent for wind plus sand for 20 minutes), than early season 

yields which were drastically reduced (83 percent for wind and sand 

for 20 minutes). 

Fryrear, Stubbendieck, and McCully (1973), conducted an experi

ment to determine grass seedling response to wind and wind-blown sand. 

Four grass species, (sideoats gramma, cane blue stem, green sprangletop, 

and sand blue stem), were exposed to 450, 900, and 1350 cm/sec wind 

with .5 mg sand at 20 minute intervals when the plants had reached a 

2-leaf or 6-leaf stage. They determined that exposure of grass at the 

2-leaf stage to winds of 450, 900, or 1350 cm/sec reduced seedling 

survival. Adding sand to the wind reduced seedling survival an addi

tional 3 to 16 percent. With increasing age, the young grass plants 

were found to become more tolerant of wind and sand damage. Fryrear 

concluded that if the grass seedlings could be protected from wind and 

sand damage for 4 to 6 weeks after emergence, survival would be signifi

cantly improved. 
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In an experiment to discover physiological responses in winter 

wheat plants to wind and sand injury, Armbrust, Paulsen, and Ellis (1974), 

attempted to determine if yield depression was due to physiological 

changes within the plant or to the loss of viable plant tissue. They 

concluded that reduced growth of sandblasted wheat seedlings was caused 

by a loss of viable leaf tissue and physiological changes, which included 

reduced photosynthesis and increased respiration. They were not able to 

ascertain if the changes resulted from partial defoliation, short-term 

high-intensity moisture stress, or a combination of both. 

Wind-blown sand damage to onions and other vegetables has been 

reported by Downes (1973). In a greenhouse wind tunnel experiment, six 

species of vegetables were exposed to varying wind velocities and sand 

loads at three stages of seedling development, from the seed leaf stage 

through appearance of the first true leaf to fully expanded first true 

leaf. Injuries were found to increase and percent of survival decreased 

with wind velocity, and sand flux density, especially when sand loads 

were .1 gm/cm/sec or greater. Older seedlings were found to be more 

resistant to wind-blown sand injury, and some crops were more resistant 

than others. The data collected showed that carrots (Danvers 126) and 

onion yields and average bulb size (Yellow Sweet Spanish) were decreased 

with increasing sand storm severity. The percent survival in bell 

pepper (Yolo Wonder) and growth of cucumber vines (SMR 58) were also 

reduced as the kinetic energy of the wind-blown sand to which they were 

exposed as seedlings increased. Results showed that the abrasion and 

dessication of young leaves and tender stems and growing points by 

soil particles and high winds led to the death of seedlings and 



serious stand reduction, and that some crops did not readily outgrow 

the effects of seedling injury by sand storms even though they survived. 

The Control of Wind and Sand Daraage to Plants 

Wind erosion is caused by a strong turbulent wind blowing across 

an unprotected soil surface that is smooth, bare, loose, and dry. The 

soil particles begin to move when wind forces overcome gravity. The 

minimam wind speed necessary to begin particle movement depends on the 

size and weight of the soil particles and the friction provided by 

adjacent particles. 

After soil particles start to move, they are carried by the 

wind in three t)'pes of movement: (1) suspension, (2) saltation, and 

(3) surface creep. Dust particles less than 0.1 millimeters in diame

ter are lifted high into the airstream and are carried in suspension 

sometimes for many miles before they are redeposited. Particles that 

fall into the range of 0.1 to 0.5 millimeters move in a bouncing manner 

called saltation. These particles will rise almost vertically and 

rotate at several hundred revolutions per second, travelling horizon

tally 10 to 15 times their height of rise, and returning to the surface 

at forward and downward angles of 6 to 12 degrees. When they strike 

the soil surface, they breakdown clods and crusts and dislodge more 

particles. Dislodged particles ranging from 0.5 to 1.0 millimeters 

roll over the soil surface and move by surface creep. High velocity 

winds may move particles larger than 1.0 millimeters but particles 0.1 

millimeters in diameter are the most erodible (Woodruff, Lyles, Siddoway, 

and Fryrear, 1972). 
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According to Downes (1973), to reduce crop injury from wind

blown soil particles, three methods have been shown to be feasible: 

(1) reduce wind velocity below the threshold required to carry sand 

particles through the use of windbreaks; (2) stabilize soil surface 

particles to keep them from moving under heavy winds; and (3) trap 

wind-blown soil particles to reduce the mass of injurious high energy 

particles which might strike tender seedling stems and leaves by in

creasing soil surface roughness, and by the use of barriers, traps, 

and windbreaks. 

Cotton Gin Trash for Wind Erosion Control 

Utilizing surface mulches to reduce wind erosion on sandy soils 

has been shown to reduce wind erosion, increase soil moisture storage, 

improve dry aggregate stability, and increase crop yields (Fryrear and 

Koshi, 1971). Cotton gin trash has been shown to increase soil fertility 

(Box, 1959) and serves to stabilize both soil surface particles and trap 

wind-blown soil particles. 

In an experiment conducted by Fryrear and Armbrust (1969), an 

attempt was made to determine the minimum quantities of cotton gin trash 

necessary to protect sandy soils from wind erosion. Cotton gin trash 

was applied on an Amarillo loamy fine sand at rates of zero, 2,240, 

6,720, 11,200, 15,800, and 22,400 kg/ha. Different application proce

dures were employed to incorporate the gin trash. These consisted of 

application to a flat soil surface, to a chiseled soil surface, to a 

listed soil surface, and chiseling the gin trash into the soil surface 

to a depth of 30cm. 
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A portable wind tunnel was utilized to create a wind speed of 

1,560 cm. per second for three minute durations. Results showed that 

cotton gin trash significantly reduced soil losses, even at low appli

cation rates. The application of 2,240 kg/ha of gin trash reduced soil 

losses 43 percent. Soil losses were reduced 69 percent by applying 

6,700 kg/ha of gin trash. The 22,400 kg/ha application reduced soil 

loss but reductions were not significantly different from the 11,200 

kg/ha rate. They concluded that annual soil losses from wind erosion 

were reduced 87 percent by applying 11,200 kilograms per hectare of gin 

trash, however, the widespread use of gin trash may be restricted by 

its availability. 

Fryrear and Koshi (1971) conducted further research to determine 

the effect of cotton gin trash and other mulches on the susceptibility 

of sandy soils to wind erosion. Field studies using a portable wind 

tunnel showed that an application of 3.6 tons per acre of cotton gin 

trash in the early spring will protect an Amarillo loamy fine sand from 

wind erosion. The percent of soil covered with mulch was used to 

develop a mulch coefficient of 1.0, which was 100% coverage. It was 

shown that mulch coefficients ranging from 0.6 to 0.8 were sufficient 

to control wind erosion. 

In another experiment on an Amarillo loamy fine sand, Fryrear 

and Koshi (1974) evaluated the improvement of sandy soils by surface 

mulching with cotton gin trash. They concluded that annual applications 

of 5 tons/acre or more of cotton gin trash on the surface of a sandy 

soil controlled wind erosion, improved soil-water-air relations, and 

increased cotton lint yields. The cotton gin trash applied as a surface 
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nulch reduced soil temperatures to a depth of 76 cm and bulk density to 

a depth of 19 cm. It also increased air capacity and total porosity to 

a depth of 7.6 cm, increased hydraulic conductivity and organic matter 

to a depth of 30 cm, and increased water storage to a depth of 10 feet. 

Mulch applied at 2.5 tons/acre was insufficient to control wind erosion. 

Commercial Soil Stabilizers for Wind Erosion Control 

Commercial soil stabilizers have been shown to stabilize soil 

surface particles. If the soil surface is sprayed at seeding time, 

soil stabilizers will prevent wind erosion for 5 to 7 weeks or until 

the crop establishes a canopy to protect the soil surfaces (Lyles, 

Schrandt, and Schneidler, 1974). 

In a field evaluation of four materials, Lyles, Armbrust and 

Dickerson (1969) found that pre-hectare costs can be reduced by using 

higher water-dilution ratios than those recommended by manufacturers, 

or by using lower total volumes at recommended dilution ratios and 

applying the material with fine-spray nozzles. 

Armbrust and Dickerson (1971) tested 34 materials in field ex

periments. Problems with plugging of fine spray nozzles occurred with 

some of these materials. They suggested 6 stabilizers, based on certain 

criteria, that would cost less than $125 per hectare and provide tempo

rary wind erosion control. 

Lyles, Schrandt, and Schneidler (1974) conducted field experi

ments extending previous research by Armbrust and Dickerson (1971) by 

including field trials of selected soil stabilizers found effective in 

laboratory tests. In 2 field trials, 5 stabilizers reduced soil losses 
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to less than 1 ton per acre. The stabilizers, applied at 2,440 liters 

per hectare, were cationac asphalt emulsion at 1:1 water-dilution ratio; 

Coherex at 1:1 water-dilution ratio; a mixture of Coherex and TRI-DAR 

100 at 2:1 and 49:1 water-dilution ratio; TRI-DAR 33/1 at 2:1 water-

dilution ratio; and TRI-DAR at 9:1 and 4:1 water-dilution ratios. 

Coherex is a petroleum resin-in-water emulsion, and the two TRI-DAR 

product are linseed oil-based emulsions. 

Only asphalt emulsion and Coherex proved to be economically 

feasible for use in preventing wind erosion through seedling emergence 

and early growth of high-value crops. They concluded, however, that 

unless more economical products are developed and weed control problems 

solved, spray-on stabilizers will have limited use in controlling wind 

erosion on agricultural fields. 

Tillage for Wind Erosion Control 

Tillage to control erosion of soils has been reported by Lehmann 

(1921), Overholt (1922), and Ramser (1928). According to Chepil (1950), 

wind erosion is directly dependent upon the physical condition of the 

soil. Only those soils that are in a dry state are moved by wind. 

Changes in dry clod structure which affect the resistance of the soil 

to wind action can be brought about by various field practices. These 

include types of tillage implements employed, soil conditions at the 

time of tillage, and kinds of crops grown. In experiments conducted to 

determine properties of soil which influence wind erosion, Chepil (1950) 

found that the principle of soil roughness was the most important prop

erty. He concluded that two aspects of soil structure influenced the 
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rate of soil eroded by wind. First, the smaller the size of the non-

erodible clods present in the soil, the higher was the initial rate of 

removal and the shorter the time required for movement to cease. Second, 

the larger the ratio of erodible to nonerodible fractions held in the 

soil, the higher was the initial rate of soil removal and the longer was 

the time required for movement to cease. The amount of soil erodible by 

wind was found to be limited by the critical height of and distance 

between the nonerodible fractions that were exposed at the surface of 

the wind. 

Englehorn, Woodruff, Zingg (1952) found that soil loss by wind 

in pounds per acre varied linearly with the surface drag of the wind 

and the percent of soil fractions less than .42 mm in diameter. 

Fryrear (1969) stated that the most satisfactory method for 

reducing wind erosion on the Southern Great Plains depended on the soil 

profile characteristics, the ascendant agronomic practice, the prevail

ing wind direction, and the climatic conditions. If clay layers are 

found in the surface horizons where they are accessible through the 

use of plows or chisels, then deep tillage is recommended in order to 

bring erosion resistant clods to the surface. However, if the soil has 

a predominantly sandy profile, Fryrear recommended tillage as a last 

resort. Fryrear concluded that deep plowing for wind erosion control 

is dependent upon soil type. Only those soils having large quantities 

of clay in the surface horizons offered control through deep plowing. 

Emergency tillage or "sand fighting" to control wind erosion has 

been reported by Woodruff, Chepil, Lynch (1957), Moldenhauer, Coover, 

Everhart (1958), and Fryrear (1969). Fryrear (1969) reported that the 
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most satisfactory emergency tillage operation is the one that produces 

both the roughest and the cloddiest surface. Chisels have been shown 

to be effective on some soils. Tractor speeds of 3.5 to 4 MPH were 

shown to be best to create the cloddiest, roughest, and the most 

erosion-resistant soil. Fryrear recommended that loose soils should 

be deep chiseled to bring erosion-resistant clods to the surface; 

however, if clods are not brought to the surface, then listing may be 

the only satisfactory method of roughening the soil surface. Small 

rainstorms have been shown to delapidate sand clods; therefore, he 

recommended that sandy soils be tilled after each rain to control wind 

erosion. 

Strip Cropping and Plant Residue for Wind Erosion Control 

Wind breaks to prevent soil erosion by wind have been utilized 

for quite some time. Coldwell (1942) found that certain crops such as 

com, cane, and sudan offered protection from wind-blown sand because 

they are usually planted at high population densities. He also reported 

that the ability of wheat to control wind erosion depended entirely upon 

the kind of stand obtained. 

The control of wind erosion on soils in North China has been 

reported by Chepil (1949). The Chinese method consisted of growing 

trees or shrubs in single rows 20 to 60 feet apart in one direction and 

100 to 500 feet apart at right angles to the general direction of the 

main barriers. 

Zingg, Woodruff, and Englehorn (1952) found that the planting of 

sorghum in rows running at right angles to the direction of the prevailing 
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wind was an effective practice for reducing wind erosion. They concluded 

that when the rows of sorghum stubble were transverse to the wind the 

relative velocity and the drag of the wind on the soil surface were 

decreased. 

Fryrear (1964) found that sudan grass and sorghum stubble were 

effective for wind erosion control in West Texas. 

Ferber (1969) summarized the use of trees for windbreaks dating 

back to 1854 in Kansas and Nebraska. He stated that a 35 to 75 percent 

reduction in wind velocity was possible depending upon the density of 

the shelterbelt. He concluded that effective protection extended from 

8 to 15 tree heights from the shelterbelt, and that thick, wide barriers 

provided a higher reduction percentage close in, but less dense ones 

gave more protection farther out. 

Wind erosion as influenced by row spacing, row directions and 

grain sorghum population was reported by Skidmore, Nossaman, and 

Woodruff (1966). They found that soil loss was reduced by narrow row 

spacing, high plant populations, and rows perpendicular to the prevail

ing wind direction. They also found that nearly three times as much 

erosion occurred with wind blowing parallel as perpendicular to row 

direction. 

Fryrear (1969) conducted experiments on various sorghum, cotton, 

and grass-cotton row systems to control wind erosion. He found that in 

order to keep the annual soil loss below 5 tons per acre, the number of 

consecutive cotton and blank 40-inch rows should not exceed 5. Since 

most cotton farming is on a 2 x 2 or 2 x 4 system, Fryrear suggested 

that if the center two blank rows in a 2 x 4 system are planted to 
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grass or sorghum, then wind erosion could be controlled on most sandy-

land farms. He also stated that the grass or perennial barriers will 

protect the soil year round, but these wind barriers may compete with 

cotton for soil moisture. 

Experiments to determine turbulent wind velocity fluctuations 

and vertical wind flow as affected by windbreak porosity were conducted 

by Hagen and Skidmore (1971). They stated that the porosity of the 

windbreak is the major factor determining reduction in wind speed. 

They found that windbreaks reduced the leeward turbulent velocity 

fluctuations below the windward values close to the windbreaks, but 

the turbulent fluctuations increased in the leeward directions. 

The effect of windbreaks in an irrigated sugarbeet field was 

reported by Brown and Rosenberg (1971). They stated that reduced verti

cal wind transport resulted in a slight reduction in CO2 concentration 

and a relatively large increase in water vapor in the sheltered area. 

Because of reduced evaporative demand during periods of the greatest 

water stress, stomatal aperture remained greater in the sheltered area. 

They concluded that this factor may offset the effects of reduced COj 

concentration on photosynthetic rates and may, in cases where water 

stress is frequent, result in a significantly greater photosynthetic 

rates which, in turn, can result in increased yields. 

The effect of strip cropping on the growth and yield of rasp

berries was reported by Waister (1970). He found that windbreaks of 

63 percent permeability, planted at right angles to the prevailing 

wind increased growth and yield of raspberries. 
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The effect of windbreaks on plant microclimate was evaluated by 

Siddoway (1970). He found that the modification of wind speed and flow 

patterns is the primary effect of wind barrier on microclimate. He 

stated that this modification affected other microclimate parameters 

such as soil moisture, day and night air tenqperature, soil temperature, 

and relative humidity. Air temperature was found to be higher in the 

daytime and lower at night in the protected areas. Soil temperatures 

were higher in the sheltered than in the unsheltered areas. Relative 

humidity was shown to be slightly higher in the sheltered areas. He 

concluded windbreaks effectively reduced the wind speed blowing perpen

dicular to the barriers for a leeward distance of 8 to 12 times the 

height of the barrier. 

Hagen, Skidmore, and Dickerson (1972) conducted experiments to 

determine the best designs for crop barriers to control wind erosion. 

They reported that in order to control wind erosion a crop barrier 

system must reduce soil movement to a tolerable level, adequately hold 

the soil it traps, and permit optimum use of a field for crops. Data 

was combined from winter wheat and sudan grass wind barriers to form 

109 Total Energy (TE) observations. Stepwise multiple regression was 

applied to the data, and a TE prediction equation with a coefficient 

of determination (R^) of .75 was obtained from the equation, TE= 

[83.8 • 7.54(N) - 3.24(V) = .206(H) (V) - .653(H)(N)], where N = num

ber of rows, H = the barrier height of inches, and V - wind speed in 

miles per hour. Hagen, et al., concluded that if wind erosion is the 

only goal, then high TE per row of barrier would minimize the use of 

land for barriers. This could be accomplished by increasing the height 
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of low barriers and using barrier widths with high TE per row. Hagen, 

et al., found that single-row barriers did not perform consistently and 

tended to break-over at high wind speeds. Hagen, et al., suggested the 

use of two row barriers as the most effective control over a wide range 

of conditions. 

The use of crops for wind erosion control has also been reported 

by Skidmore, Hagen, and Carstenston (1972), and Dickerson and Woodruff 

(1972). Woodruff, et al. (1972) concluded that nearly any plant that 

reaches substantial height and retains its lower leaves can be used as 

an annual crop or grass barrier. He recommended the use of bamboo, 

tall wheat, plains bristlegrass, hybrid forage sorghum, com, and sun

flowers as effective wind control barriers. 
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CHAPTER III 

METHODS AND MATERIALS 

Downes (1973) showed that species of vegetable crops differed 

in their vulnerability to wind-blown sand damage. He found that carrots 

were more vulnerable than peppers, peppers were more vulnerable than 

onions and onions were more vulnerable than cowpeas. 

Due to the intermediate vulnerability of onion seedlings 

(Allium cepa, L.) to wind and sand damage, onions were selected as the 

cultivar in two different experiments in 1974 and 1975 to evaluate pro

tective systems against wind and sand damage and to ascertain the 

injuries resulting on the onion crop. In 1974, an experiment was 

conducted in the field on the Agronomy Farm of Texas Tech University 

at Lubbock, Texas, in an Acuff sandy loam utilizing Yellow Sweet 

Spanish and Cima Hybrid onions. The 1975 experiment was conducted in 

a greenhouse utilizing a laboratory wind tunnel at the U.S.D.A., Agri

cultural Research Station at Big Spring, Texas. The soil was a surface 

horizon of an Amarillo fine sandy loam and the onion variety was Yellow 

Sweet Spanish. 

The High Plains of Texas produces 15 percent of the state's 

onion acreage or more than 40 percent of the total summer onions grown 

in the United States. In 1973 the estimated value of the High Plains 

onion crop was $10 million, therefore, the decision to use onion cul-

tivars in the experiments was not only due to their intermediate 
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vulnerability to wind and sand damage, but because of their economic 

importance as well. 

Experiment I - 1974 

In early October, 1973, winter wheat (cv. Witchita) was seeded 

with a grain drill to create two macrosystems protecting later planted 

onions from wind erosion. The first macrosystem consisted of four beds 

of onions (40" beds) seeded between two strips of wheat, (one 40" bed) 

800 feet long running East to West, one wheat strip to the North and 

another to the South of the crop rows (designated 4B2W). The second 

macrosystem consisted of two beds of onions (40" beds) protected again 

by two 40" wheat strips (designated 2B2W) as shown in (Figure 1). 

Fig. 1. Protective macrosystems against windblown 
sand damage to onion seedlings consisting of two rows of 
winter wheat bordering four beds of onions (4B2W) and two 
beds of onions (2B2W) at Lubbock, Texas in 19"4. 
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A third macrosystem consisted of four 40" beds of onions seeded 

with no wheat or other wind barriers, corresponding to normal practice 

or check treatment, and was designated OPEN. 

A 16-20-6 fertilizer was applied preplant at the rate of 400 

pounds per acre within the macrosystems where the onions were to be 

seeded. A disk grain drill set to incorporate the fertilizer to a 

depth of three to four inches was used to apply the fertilizer. Beds 

were reshaped by shallow listing after application of the fertilizer. 

Prefar 4-E herbicide was then applied in 25 gallons of water per 

acre. Immediately after application, the herbicide was incorporated to 

a depth of two to three inches with a rolling cultivator. 

On April 5, 1974, Cima Hybrid and Yellow Sweet Spanish onions 

were seeded in two rows on each crop bed in all three macrosystems. 

As the onions began to emerge and identify the rows, five wind protect

ing microsystems were applied within the three macrosystems. These 

consisted of the control millet straw stubble pushed into the soil 

parallel to the onion rows, (Figure 2), cotton gin trash spread between 

the onion rows and on the shoulders of the bed and lightly anchored by 

chopping it into the soil with a straightened hand hoe, (Figure 3), 

cultivation and roughening of the soil surface to simulate the use 

of a sand fighter, and a low 1-1/2" paper fence pushed into the soil 

surface. 

The microsystems were randomized within the three macrosystems 

so as to create a randomized split plot design. Recommended controls 

for insect and disease were practiced. 
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Fig. 2. Protective microsystem against windblown 
sand damage to onion seedlings consisting of millet straw 
stubble pushed into the soil parallel to the onion rows 
at Lubbock, Texas in 1974. 

Fig. 3. Protective microsystem against windblown 
sand damage to onion seedlings consisting of a cotton 
gin trash mulch spread between the onion rows at Lubbock, 
Texas in 1974. 
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The data was taken from plots measuring 1.5* x 40" within all 

systems. All onions were thinned twice during the growing season, and 

stand counts and leaf measurements in centimeters were taken in the 

research plots on June 27, 1974, 83 days after seeding. Both verities 

were harvested on August 8, 1974. Total fresh bulb weights and total 

top fresh weights in grams, average leaf lengths in centimeters, and 

individual bulb weights in grams were then recorded. 

Experiment II - 1975 

The design for the 1975 experiment consisted of a 3 x 4 x 6 

factorial employing three ages of seedlings at time of exposure, four 

protective systems and six wind and sand exposure treatments in a 

greenhouse experiment using an experimental wind tunnel to simulate 

sandstorm exposure of seedlings. The plant ages at exposure were: 

A^ = seven days after emergence, A2 = 12 days after emergence, and 

A3 = 20 days after emergence. 

The four wind protection treatments consisted of cotton gin 

trash, rye stubble, ammonium lignosulfonate, (a mixture of high mole

cular weight polyelectrolytes and wood sugars), and an open system 

with no protection. 

The wind and sand exposure periods consisted of: 1 = check, no 

exposure, 2 = 12 minutes wind, no sand, 3 = 6 minutes wind and sand, 

4 = 12 minutes wind and sand, 5 = 18 minutes wind and sand, and 

6 = 24 minutes wind and sand. The sand flux density in all exposure 

treatments except 1 and 2 was .5 g/cm/sec and wind velocity was 1500 

cm/sec in treatments 2-6 inclusively. 
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On May 15, 1975, Yellow Sweet Spanish onions were seeded at 1" 

depth in plywood containers 30 cm wide, 50 cm long, and 38 cm deep 

filled with a surface horizon of an Amarillo fine sandy loam at Big 

Spring, Texas. Seed was placed so as to insure two rows of onions per 

plywood container, with rows four inches apart and creating four inches 

of space on both sides from the edges of the container. A 16-20-6 

fertilizer was applied two inches below the seed at seeding at a rate 

of 80-100-30 lbs. per acre. 

Four days after seedling emergence, they were thinned to a stand 

of 1" intervals, stand counts recorded and then followed by wind and 

sand protection treatments. 

In the ammonium lignosulfonate treatment, three rows of soil 

aggregates were mounded to form soil ridges on the inside and outside 

of the onion rows at a height of one inch. A hand sprayer was then 

used to apply 5.5 ml of lignosulfonate diluted with 2110 ml of water 

to the soil surface in each plot (Figure 4). 

Cotton gin trash was applied by hand between the onion rows and 

on the outside of the onion rows creating a surface mulch covering the 

soil surface of the entire container. It was applied at the rate of 

150 g per container (dry weight) and lightly anchored into the soil 

surface (Figure 5). 

Rye stubble (partially dry) was incorporated into the stubble 

treatment containers at the rate of 100 g per container and at a height 

of 2" to 5" between and to the outside of the onion rows (Figure 6). 
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Fig. 4. Protective system against windblown sand 
damage consisting of soil ridges (1") mounded between 
and bordering onion seedlings stabilized by ammonium 
lignosulfonate at Big Spring, Texas in 1975. 

Fig. S. Protective system against windblown sand 
damage to onion seedlings consisting of a cotton gin 
trash mulch at Big Spring, Texas in IQ^S. 



Fig. 6. Protective system against windblown sand 
damage to onion seedlings consisting of rye stubble 
pushed into the soil as a wind barrier. 

All 72 containers of onions were kept inside a greenhouse and 

were only moved outside for a short duration when the wind tunnel ex

periments were conducted. All wind and sand exposures for a given 

plant age were conducted on the same day, and on June 5, 1975, all 

containers with onions were sprayed with an insecticide and fungicide. 

Plant counts and average heights in cms per treatment plot were 

taken immediately before and 10 days after exposure to wind and sand. 

Calculated percent survival was based on stand counts before exposure 

to the wind and sand treatments, 10 days after exposure, and at harvest 

On July 1, 1975, all 72 plots were measured for plant heights 

just before harvest and leaf counts were taken. The following day, all 

plots were harvested and total fresh weights in grams recorded. The 

onions were then transported to Lubbock and air dried. 
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Analysis of variance was employed to test the significance of 

deviation of factor and group means from the general mean. Correlation 

and regression analysis were used to evaluate rate relationships among 

the dependent and independent variables. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Experiment 1-1974 

Onion Yields in Relation to Wind 
and Sand Protection Systems 

Table 1 lists the mean yields obtained in 1974 with the various 

macrosystems and microsystems employed to reduce wind and sand damage 

to Cima onions. 

TABLE 1 

CIMA ONION YIELDS IN RELATION TO PROTECTION FROM 
WIND AND SAND, AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Average 

Op en Field 

419 

530 

411 

527 

471.8 

Main Protection System 
2B2W 4B2W 

(50 lb. bags/A) 

612 

467 

595 

786 

615 

523 

502 

535 

633 

548.3 

Average 

518 

499.7 

513.7 

648.7 

545 

Highest average yields were obtained with the macrosystem con

sisting of two 40" beds of onions bordered on the north and south by 

two 40" beds of winter wheat (2B2W). The average yield of this macro-

system was 615 bags per acre, 12% higher than average yields from the 

29 
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4B2W system and 30% higher than the open field. Four 40" beds of onions 

bordered on the north and south by two 40" beds of winter wheat (4B2W) 

provided more protection in relation to yield than did the open field 

macrosystem. The higher yields resulting from the 2B2W macrosystem may 

be attributed to the shorter distance between the winter wheat barriers 

and their effectiveness in reducing wind velocity and sand flux density. 

The most outstanding microsystem was the cotton gin trash mulch 

with an average of 649 bags per acre of Cima onions. This is presum

ably due to the benefits derived from the cotton gin trash mulch which 

were shown in the literature to increase soil moisture storage, stabi

lize soil surface particles, and trap windblown soil particles before 

they were able to strike the onion seedlings, (Fryrear, 1971). The 

millet straw stubble and sandfighter microsystems appeared to be no 

more effective than the check in terms of onion yields. 

The most effective system appeared to be the 2B2W macrosystem 

when combined with the cotton gin trash microsystem, with an average of 

786 bags per acre. The least effective system appeared to be the open 

field using a sandfighter to increase the soil surface roughness param

eter. Since these systems were unequally replicated, due to lack of 

materials for the microsystems, the Duncan's Multiple Range Test could 

not be reliably used to separate the mean yields, but partitioning of 

"treatment" means showed the differences discussed to be statistically 

significant. 

Yields of Yellow Sweet Spanish onions in relation to protection 

from wind and sand are shown in Table 2. The trend in yields of Sweet 
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Spanish in relation to protection systems was similar to those obtained 

with the Cima hybrid. 

TABLE 2 

YELLOW SWEET SPANISH ONION YIELDS IN RELATION TO PROTECTION 
FROM WIND AND SAND, AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Paper 

Average 

Op en Field 

707 

793 

646 

813 

673 

726 

Main Protection System 
2B2W 4B2W 

(50 lb. bags/A) 

817 

937 

860 

1262 

— 

969 

744 

— 1 / 

866 

989 

_-_ 

866.3 

Average 

756 

865 

790.7 

1021.3 

673 

853.8 

\j protective system not replicated 

TVo 40" beds of onions bordered on the north and south by two 

40" beds of winter wheat (2B2W) was the macrosystem that produced the 

highest average yield of 969 bags per acre, about 12% greater than the 

4B2W system average and 33% greater than the open field average. Four 

40" beds of onions bordered by two 40" beds of winter wheat, (4B2W) 

produced about 19% higher average yields than the open field macrosystem, 

The winter wheat wind barriers in the 2B2W and the 4B2W macrosystems 

appeared to offer greater protection to the onions than the open field 

macrosystem. 
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The cotton gin trash mulch once again offered more protection 

than the other microsystems judging by the yields obtained. It pro

duced 1021 bags per acre of Yellow Sweet Spanish averaged over all 

macrosystems. As in the case of the Cima onions, the greater benefits 

offered by the mulch resulted in the highest yields. 

The most outstanding protective system was the 2B2W macro-

system in combination with the cotton gin trash microsystem. This 

system produced 1262 bags of Yellow Sweet Spanish per acre, followed 

by the 4B2W macrosystem in combination with the cotton gin trash 

microsystem which produced 989 bags per acre. The difference in yield 

between the two systems is probably due primarily to the distance in

volved between the two bordering winter wheat barriers. 

The open field macrosystem in combination with the paper fence 

microsystem offered the least protection of all other systems in rela

tion to Yellow Sweet Spanish onions because there were only three plots 

in this system combination. 

Cima onions relative to numbers of plants produced per acre are 

shown in Table 3. 

As was found with yields in bags per acre, the 2B2W macro-

system produced the highest number of plants per acre. As an average 

of all microsystems, 169,300 plants were obtained, followed by 154,300 

plants for the 4B2W macrosystem. Both macrosystems bordered by winter 

wheat wind barriers were more effective than the open field macrosystem. 

The reason for this is due to the protection offered by the winter 

wheat wind barriers. 
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TABLE 3 

CIMA ONION YIELDS IN RELATION TO PROTECTION FROM 
WIND AND SAND, AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Average 

Opi en Field 

1348 

981 

1262 

1480 

1267.8 

Main Protection System 
2B2W 4B2W 
(Hundreds of plants/A) 

1524 

1698 

1853 

1698 

1693 

1603 

1371 

1607 

1589 

1542.5 

Average 

1491.7 

1350 

1573.7 

1589 

1501.1 

The cotton gin trash microsystem produced more plants than the 

other microsystems. Benefits derived from the cotton gin trash mulch 

resulted in the differentiation in plant populations among microsystems. 

The sandfighter microsystem was more effective than the millet straw 

stubble and check microsystems. 

Yellow Sweet Spanish onion yields in hundreds of plants per 

acre are shown in Table 4. Once again, the 2B2W macrosystem produced 

the highest average number of plants, (226,000/A). 

The most outstanding macrosystem in combination with its micro

system was 2B2W with millet straw stubble in regards to plant nunibers 

due to a higher percentage of plant survival. However, in terms of 

marketable yields in bags per acre (Table 2), the cotton gin trash 

microsystem produced highest yields. Average size of bulb was uncor-

related with stands (r«-.235) suggesting that bulbs did not grow larger 

as stands were thinned by the windblown sand. 
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TABLE 4 

YELLOW SWEET SPANISH ONION YIELDS IN RELATION TO PROTECTION 
FROM WIND AND SAND, LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Paper 

Average 

Open Field 

1698 

1535 

1743 

1698 

1657 

1662.2 

Main Protect: 
2B2W 
(Hundreds of 

2111 

2615 

2179 

2134 

2259.8 

Lon System 
4B2W 

plants/A) 

1961 

-...1/ 

2025 

2157 

2047.7 

Average 

1923.3 

2075 

1982.3 

1996.3 

1657 

1923.2 

1/ protective system not duplicated. 

Wind and Sand Damage in Relation to Growth 

The effect of wind and sand damage upon total top or leaf weight 

of Cima onions in relation to 12 protective systems is shown in Table 5, 

The open field macrosystem sustained the most damage because it was 

more susceptible to wind and sand blasting. This macrosystem produced 

an average of 249 cwt per acre of onion tops compared to 275.5 cwt for 

the 4B2W system and 289.8 cwt for the 2B2W system. The 249 cwt/A of 

top growth was 16% less than the 2B2W macrosystem and 10% less than 

the 4B2W system. 

The check microsystem sustained the most wind and sand damage 

and as a result produced only 232 cwt/A of onion tops. In contrast, 

the cotton gin trash produced 302 cwt/A of onion tops. Damage by 
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wind and sand seemed to increase as the degree of protection offered by 

the macrosystems and microsystems decreased, thus a considerable reduc

tion in top leaf weight resulted. 

TABLE 5 

CIMA ONION TOP WEIGHTS AT HARVEST IN RELATION TO PROTECTION 
FROM WIND AND SAND, AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Average 

Op en Field 

206 

304 

225 

261 

249 

Main Protection System 
2B2W 4B2W 

(cwt/A) 

260 

264 

280 

355 

289.8 

229 

331 

253 

289 

275.5 

Average 

231.7 

299.7 

252.7 

301.7 

271.5 

A similar response was found for Yellow Sweet Spanish onions 

(Table 6). The open field macrosystem had the lowest top weights among 

the three macrosystems. This indicates that if wind velocity and sand 

load is not controlled, more damage to plant leaves will result, and 

plant growth and yields could be reduced. 

The check microsystem sustained more damage than any other 

microsystem except for the paper fence resulting in reduced top growth 

and yields. As was found with Cima onions (Table 5), the cotton gin 

trash mulch produced the highest top fresh weights among the micro

systems . 
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TABLE 6 

YELLOW SWEET SPANISH ONION TOP WEIGHTS AT HARVEST 
IN RELATION TO PROTECTION FROM WIND AND SAND, 

AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Paper 

Average 

Op( en Field 

113 

139 

112 

132 

111 

121.4 

Main Protectier 
2B2W 

(cwt/A) 

127 

136 

135 

188 

146.5 

1 

4B2W 
1 

118 

— !_/ 

148 

159 

_-_ 

141.7 

Average 

119.3 

137.5 

131.7 

159.7 

111 

131.8 

1/ protective system not replicated 

In order to determine whether the total number of bulbs at harvest 

or fresh top weights at harvest was more important in determining yield 

of bags per acre, the standard partial regression coefficients were 

computed (Table 7). 

TABLE 7 

STANDARD PARTIAL REGRESSION COEFFICIENTS RELATING ONION YIELDS (Y) 
AND STANDS (X^) TO TOP FRESH WEIGHT AT HARVEST (X2) 

Onion Variety 

Cima Hybrid 

Yellow Sweet Spanish 

* blyxi » "^^^ 

b^yxj* 

0.4004 

0.2238 

• ryx2rxiX2 
(rxiX2)2 

b^yx2 

bVx2* 

0.6706 

.8771 

ryx2 -

1 -

ratio 

ryxirxiX2 

(rxiX2)2 

b^yx2 

b^yxi 

1.675 

3.919 
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Employing the yields of Cima onions in 50 lb. bags per acre as 

Y, number of bulbs harvested as Xj, and fresh weight of tops at harvest 

as X2 the coefficients were derived from the means presented in Tables 

1, 3, and 5. These coefficients suggest that top fresh weight was about 

67% more important than bulb number in determining bulb yields; moreover, 

the correlation of top fresh weight and bulb number was low (r=.0864) 

indicating that top fresh weight was not a function of number of plants 

per plot. 

In the Yellow Sweet Spanish variety, the corresponding partial 

regression coefficients were 0.2238 for bulb yields and bulb number, 

0.8771 for bulb yields and fresh weight, and the correlation coefficient 

relating top fresh weight to bulb number was r=.3476. Again it is 

apparent that top growth was much more important (about 292%) than 

number of bulbs in influencing bulb yields. 

These statististics suggest that the beneficial effect of the 

various protection systems on bulb yields was through their influence 

on crop growth rather than on survival of seedlings or density of stands. 

Mean results for the two cultivars were closely correlated: 

coefficients (r) for yields, top fresh weights and bulb numbers being 

.858**, .793**, .899** respectively despite distinctive differences 

between them. For example, Cima with a mean yield of 272.5 cwt/A and 

an average top fresh weight of 271.4 cwt/A, produced about 1.004 lbs. 

of bulbs/lb. of tops. Cima averaged about 5.5 bulbs/lb. The Yellow 

Sweet Spanish variety was apparently more efficient, producing an 

average 3.13 lbs. of bulb yield/lb. top fresh weight, and 4.6 bulbs 

per pound of yield. 
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Plant heights at harvest for Cima onions are shown in Table 8. 

The open field macrosystem produced an average of 47 cms/plant. 

TABLE 8 

CIMA ONION HEIGHTS AT HARVEST IN RELATION TO PROTECTION 
FROM WIND AND SAND, AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Average 

Open Field 

41 

52 

43 

48 

47 

2B2W 

40 

42 

40 

51 

43.3 

4B2W 
(cms/plant) 

40 

47 

41 

47 

43.8 

Average 

40.3 

47 

41.3 

48.7 

44.3 

In comparison, the 2B2W macrosystem produced 43 cms/plant and the 4B2W 

macrosystem produced 44 cms/plant through all microsystems. Plant 

heights were found to be the highest in the open field macrosystem but 

as previously noted top fresh weight at harvest was relatively low for 

the open field macrosystem. The retardation in early growth appeared 

to result in slightly taller growth without corresponding development 

in leaf bulk. 

Among the microsystems the check and sandfighter microsystems 

had lower plant heights than did the cotton gin trash and millet straw 

stubble microsystems. 

Table 9 lists the average plant heights at harvest for Yellow 

Sweet Spanish onions. There was not much difference among the 



microsystems employed. Lower plant heights were found in the check, 

sandfighter, and paper fence microsystems compared to the millet straw 

stubble and cotton gin trash. 
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TABLE 9 

YELLOW SWEET SPANISH ONION HEIGHTS AT HARVEST IN REUVTION TO 
PROTECTION FROM WIND AND SAND, AT LUBBOCK, TEXAS, IN 1974 

Subsystem 
Protection 

Check 

Straw 

Sandfighter 

Gin Trash 

Paper 

Average 

Op en Field 

40 

45 

37 

43 

39 

40.8 

2B2W 

39 

42 

39 

49 

--

42.3 

(cms/plj 
4B2W 

mt) 

37 

- 1 / 

39 

44 

--

40 

Average 

38.7 

43.5 

38.3 

45.3 

39 

41 

1/ protective system not replicated 

Average centimeters per leaf and leaves per plant in relation 

to wind and sand damage and protective systems for Cima onions are 

shown in Table 10. The open field macrosystem appeared to have more 

leaves per plant on June 23, 1974, than did the 2B2W and 4B2W macro-

systems. This can probably be related to the amount of wind and sand 

damage that occurred within the open field macrosystems. The onion 

leaves within this system were subjected more to sand damage due to 

the absence of the winter wheat barriers. The damage sustained could 
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have caused the shorter plant leaves, and as a result, could have stim

ulated the plant to produce more leaves to survive at the expense of 

bulb formation. 

Damage by wind and sand within the microsystems appeared to be 

the most severe among the check and sandfighter systems. They both 

produced less centimeters per leaf (F=8.78**) and leaves per plant than 

did the cotton gin trash and millet straw stubble microsystems in Cima 

onions. 

Results with Yellow Sweet Spanish onions (Table 11) appeared to 

be similar to those of Cima, the correlation coefficient for cms/leaf, 

r=.7669**, and for leaves/plant, r=.6001, (rQ5=.6021). The open field 

macrosystem had less centimeters per leaf but more leaves per plant 

than did the other two macrosystems in Yellow Sweet Spanish. Yellow 

Sweet Spanish yields were significantly correlated (r=.775**) with 

average leaf length, but not with average number of leaves/plant, 

(r=.3277). In Cima, yields were not correlated with either leaf num

ber (r=.0616) or leaf length (r=.5035). 

Experiment 11-1975 

Percent Survival 

Percent survival of Yellow Sweet Spanish onions 10 days following 

exposure to sand loaded wind in the greenhouse at Big Spring, Texas 

was found to be essentially a linear function of the duration of the 

exposure period and age of the seedling at time of exposure as shown in 

Table 12 and Figure 7. 
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TABLE 12 

REGRESSION EQUATIONS RELATING PERCENT SURVIVAL OF 
ONION SEEDLINGS 10 DAYS AFTER EXPOSURE 

TO WIND LOADED SAND 

Age IJ Intercept Linear Regression 2/ r V syx £/ 
Coefficient 

97.4 -1.57083 -.764*** 11.9 

97.1 -0.79167 -.725*** 6.7 

100.5 -0.43333 -.576** 5.5 

1/ Age 1 = 7 days Age 2 = 12 days Age 3 = 20 days 
2/ Time in minutes of exposure duration. 
V Linear correlation coefficient, TQ^ - -561, rgoi ~ -679 
4/ Standard error of estimate in percent survival. 

The data indicate that seedling survival improved with age at 

the time of exposure. The intercept was greater and the reduction in 

survival was reduced with increased age of seedling at the time of 

exposure to the simulated sand storm. The average decline in percent 

survival of seedlings at Age 2 (12 days) per minute of exposure duration 

was 0.79%, only 50.4% of the average decline of 1.57% per minute at 

Age 1 (7 days). At Age 3, seedlings averaged a reduction in percent 

survival of 0.43/minute which was only 27.6% the rate at Age 1 and 

54.7% that at Age 2. The age of seedling and the wind-sand treatment 

interaction was significant (F-2.78**). 

Average percent survival 10 days after exposure to wind and 

sand and at harvest in relation to three different seedling ages and 

four protective systems is shown in Table 13. An average of all ages 

at time of exposure, the stubble and cotton gin trash protective 
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systems provided the most protection as noted by seedling survival 10 

days after exposure. The differences among the three ages were highly 

significant (F=32.00***), as were those among the four protection sys

tems (F=20.94***), but the interaction was not significant (F=1.56). 

Partitioning of the sum of squares for the four protection systems gave 

F=17.69**, for the open field vs. the other three treatments and F=1.38 

for the ammonium lignosulfonate vs. the means of the rye stubble and the 

cotton gin trash. Percent survival at harvest was similar to survival 

10 days after e.xposure (r=.974*** for Age 1, r=.910*** for Age 2, and 

r=.681** for Age 3). However, there was a slight increase in onions 

surviving in the open and ammonium lignosulfonate systems and a decrease 

in those surviving in the rye stubble and cotton gin trash systems, due 

to later emerging seedlings. 

Table 14 lists seedling survival 10 days after exposure averaged 

over three seedling ages in relation to wind and sand exposure duration 

and the protective systems employed adjusted by covariance analysis for 

variation in initial stands. Once again the stubble and cotton gin 

trash seemed to offer the most protection as evidenced by seedling 

survival 10 days after exposure to a simulated sandstorm. Percent 

survival in these protective systems did not tend to decline with in

creased exposure; the correlation with time of exposure was not 

significant, r=.8492 for rye stubble and r=.8370 for cotton gin trash 

(rQ5«.8783). These protective systems appeared to disturb the tendency 

for extended exposure to consistently decrease percent survival. 

In the open and ammonium lignosulfonate systems, percent survi

val 10 days after exposure declined linearly with exposure duration; 
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r*.9247* for the open system and r=.9609** for the ammonium lignosul

fonate systems respectively. The ammonium lignosulfonate system in 

relation to percent survival fit a quadratic curve quite well. The 

F value for the quadratic regression being 167.52**, with R2=.994 

(Figure 8), and indicated that stabilizing the soil surface particles 

in a one inch high protective ridge may provide additional protection 

to seedlings. 

TABLE 14 

PERCENT ONION SEEDLING SURVIVAL 10 DAYS AFTER EXPOSURE TO 
WIND AND SAND IN RELATION TO SIX EXPOSURE DURATIONS 

AND FOUR PROTECTIVE SYSTEMS 1/ 

Exposure 
Duration 

Check 

12 min. wind 

6 min. wind 
and sand 

12 min. wind 
and sand 

18 min. wind 
and sand 

24 min. wind 
and sand 

Average 

Open 

99.9 

96.3 

87.7 

78.3 

65.0 

70.7 

83.0 

Protection 
A. Ligno Rye 
Sulfonate Stubble 

99.9 

90.3 

96.7 

91.7 

85.0 

71.4 

89.2 

94.7 

101.7 

97.3 

87.7 

83.0 

85.4 

91.6 

System 
Cotton 

Gin Trash 

99.9 

99.3 

88.9 

89.3 

91.3 

78.7 

91.2 

Average 

98.6 

96.9 

92.7 

86.8 

81.1 

76.6 

88.8 

1/ Adjusted by covariance for original stand counts. 
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A comparison of percent onion seedling survival 10 days after 

exposure and up to 24 minutes to a simulated sandstorm in relation to 

age at time of exposure for the open system (no protection) and the 

system utilizing one inch ridges stabilized with ammonium lignosulfo

nate are shown graphically in Figure 9. The ammonium lignosulfonate 

stabilized ridges appeared to provide significant protection to the 

seedlings regardless of age at time of exposure compared to the open 

system where no protection was provided. Despite one abberant value. 

Age 1 (Aj) declined in survival about as expected with extended exposure. 

Older plants (A2 and A3) at time of exposure were more resistant to 

sandstorm injury. Stand reduction even after 24 minutes exposure was 

relatively low at Ages 2 and 3 in the ammonium lignosulfonate system 

when compared to the open system. 

Plant Growth 

Plant Heights 

Early growth of the surviving onions in terms of average cm 

height 10 days after exposure to the sand loaded wind was improved with 

age of seedling at time of exposure as shown in Table 15 and Figure 10. 

As with survival, the intercepts were increased and the early groirth 

reduction rate decreased with increased age at time of exposure to the 

simulated sandstorm. At all ages plant height was reduced as exposure 

was increased. Average plant heights in relation to protective systems 

from wind and sand are shown in Table 16. The rye stubble, and cotton 

gin trash systems by providing protection from wind and sand damage, 

improved height of plants 10 days after exposure to the simulated sand 
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TABLE 15 

ONION SEEDLING HEIGHTS AT THREE DIFFERENT TIMES IN RELATION TO THREE 
PLANT AGES BEFORE AND AFTER EXPOSURE TO WIND AND SAND (cm) 1/ 

Age 1 

Age 2 

Age 3 

Average 

Before Exposure 

9.4 

13.5 

19.7 

14.2 

10 Days After Exposure 

15.8 

22.5 

29.6 

22.64 

At Harvest 

28.6 

29.8 

31.9 

30.1 

1/ Averaged over 6 exposure treatments and 4 protection systems. 

TABLE 16 

ONION SEEDLING HEIGHTS TAKEN AT THREE DIFFERENT TIMES IN RELATION 
TO THEIR PROTECTIVE SYSTEMS FROM WIND AND SAND 1/ 

Plant Heights 
(cms) 

Before Exposure 

Plant Heights 
(cms)jl/ 

10 Days After 
Exposure 

Plant Heights 
(cms)l/ 

At Harvest 

Open 

Rye Stubble 

Cotton 
Gin Trash 

Average 

14.2 

Ammonium 
Lignosulfonate 13.6 

14.2 

14.8 

14.2 

19.7 a 

21.1 b 

24.9 c 

24.9 c 

22.7 

26.6 a 

27.8 a 

32.9 b 

33.2 b 

30.1 

\l Means followed by the same letter are not significantly different 
as determined by variance partitioning and F tests. 
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storm and at harvest. Plant heights at harvest in the cotton gin trash 

protective systems averaged 20% higher than plants within the open sys

tems, and 14% higher than plants within the ammonium lignosulfonate 

systems. Plant heights within the rye stubble systems averaged 19% 

higher than the open systems and 15% higher than the ammonium lignosul

fonate systems. However, partitioning of the variances of the treatments 

indicated that there was no significant difference between the open and 

ammonium lignosulfonate systems (F=0.95), or between the rye stubble and 

gin trash (F=0.07). There was a highly significant difference between 

the average of the open and ammonium lignosulfonate systems compared 

to the average of the rye stubble and gin trash systems (F=46.62**) in 

regards to height at harvest. Partitioning of treatment variances in

dicated a significant difference in average plant height 10 days after 

exposure between the open and other systems, but no difference existed 

between the stubble and gin trash systems. 

Fresh Weight and Dry Weight 

Total fresh and dry weights of Yellow Sweet Spanish onions at 

harvest in relation to the age of the onions at the time of exposure 

to wind and sand are shown in Table 17. Onions exposed to wind and 

sand treatments seven days after emergence (Age 1) appeared to sustain 

more damage than those exposed at 12 days after emergence or 20 days 

as evidenced by the reduced fresh and dry weight produced. Age 1 

averaged 31% less than the fresh weight obtained for Age 3. Age 2 

weighed 12% less than Age 3. The data indicated that wind and sand 

damage decreased with increased age of seedling at exposure to wind 
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and sand. The onions seemed to be the most vulnerable at early ages 

and resistance to injury increased with age. 

TABLE 17 

TOTAL FRESH AND DRY ONION WEIGHTS AT HARVEST IN RELATION TO AGE 
OF SEEDLING AT TIME OF EXPOSURE TO WIND AND SAND 1/ 

Age Total Fresh Weight Total Dry Weight 
(g) at Harvest (g) at Harvest 

1 133.3 a 22.8 a 

2 168.8 b 32.1 b 

3 192.9 c 32.9 b 

Average 165.0 29.27 

1/ Means followed by the same letter are not significantly different 
"" by variance partitioning and F tests. 

Dry weights of the three onion ages followed a similar pattern 

as the fresh weights. Age 1 had 21% less dry weight than Age 2 and 

31% less than Age 3. The difference between dry weights of Age 2 and 

Age 3 was only about 2% and was not significant. 

Total fresh and dry weights in relation to duration of wind 

and sand exposure are shown in Table 18. Plants which received no 

wind and sand exposures weighed the most at harvest. As the length 

of exposure to wind and sand increased, fresh and dry weights decreased 

for all onion plots. Twelve minutes of wind alone appeared to be per

haps slightly more injurious than six minutes exposure to sand loaded 

wind, but not as damaging to growth as 12 minutes exposure to sand 
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bearing wind. The most severe exposure duration consisted of 24 minutes 

of wind and sand which produced fresh weights and dry weights 32% and 

53% less than the check plots. The data indicated that wind and sand 

damage increased with length of time that seedlings were exposed. 

TABLE 18 

TOTAL FRESH AND DRY ONION WEIGHTS AT HARVEST IN RELATION 
TO SIX WIND AND SAND EXPOSURE DURATIONS 

Exposure Total Fresh Weight 
(g) at Harvest 

Total Dry Weight 
(g) at Harvest 

Check 

12 min. wind 
No sand 

6 min. wind 
and sand 

12 min. wind 
and sand 

18 min. wind 
and sand 

24 min. wind 
and sand 

Average 

194.9 

187.2 

189.6 

145.3 

141.8 

131.8 

165.1 

38.0 

31.1 

36.1 

25.4 

25.0 

20.3 

29.32 

Table 19 lists the fresh and dry weights of all onion plots in 

relation to the protective systems employed. As was found in Experi

ment I, the cotton gin trash produced the highest total fresh and dry 

weights. Partitioning of treatment variances and F tests indicated no 

difference between the open system and the ammonium lignosulfonate 
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CF«0.33), nor between the rye stubble and gin trash (F=2.87), but the 

average of the two lower yielding systems was significantly below the 

yields of the two higher yielding systems (F=26.80**) in terms of fresh 

and dry weight. 

TABLE 19 

TOTAL FRESH AND DRY ONION WEIGHTS AT HARVEST IN RELATION 
TO FOUR WIND AND SAND PROTECTION SYSTEMS 

Protection Total Fresh Weight Total Dry Weight 
(g) at Harvest (g) at Harvest 

Open 148.3 23.7 

Ammonium 

Lignosulfonate 138.7 25.6 

Rye Stubble 172.4 30.6 

Cotton 

Gin Trash 200.6 37.4 
Average 165.0 29.33 

Plant Size and Number of Leaves 

As shown in Table 20, at each age the average fresh weight/plant 

was consistently reduced as the duration of exposure to the simulated 

sandstorm was reduced. Except for Age 2 this was also true of number 

of leaves/plant. 

The average number of leaves per plant in relation to duration 

of exposure for each cultural protective system are listed in 

Table 21. 



TABLE 20 

LINEAR CORRELATION COEFFICIENTS RELATING NUMBER OF 
LEAVES/PLANT AND PLANT SIZE IN GRAMS TO DURATION 

OF EXPOSURE TO A SIMULATED SANDSTORM OF 
ONION SEEDLINGS AT THREE AGES 1/ 

57 

Variable Age 1 Age 2 Age 3 

No. Ivs/plant 

Wgt./plant 

537* 

,769*** 

y '05 = .444, roi = .561, rpoi = -679 

-.342 

-.500* 

-.556* 

-.503* 

TABLE 21 

AVERAGE NUMBER OF ONION LEAVES PER PLANT AT HARVEST 
IN RELATION TO PROTECTIVE CULTURAL SYSTEM AND 

DURATION OF EXPOSURE TO A 
SIMULATED SANDSTORM 1/ 

Exposure 
Treatment 

Minutes 
of Wind 

0 

12 

6 

12 

18 

24 

Sand 

0 

0 

.5 

.5 

.5 

.5 

Open 

4.7 

4.5 

4.4 

3.8 

3.3 

3.6 

Ligno 

4.5 

4.3 

4.5 

4.0 

4.2 

3.4 

Cultural 
Stubble 

4.7 

4.6 

4.7 

4.5 

4.7 

4.4 

System 
Gir \ Trash 

4.9 

4.9 

4.9 

4.5 

4.7 

4.6 

Ave. 

4.7 

4.6 

4.6 

4.2 

4.2 

4.0 

Average 4.0 a 4.2 b 4.6 c 4.7 d 4.4 

1/ Marginal means followed by the same letter are not significantly 
"" different by variance partitioning and F tests. 
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The general effect of seedling age was not significant nor were 

the interactions of age x duration of exposure or age x cultural system 

significant. 

The average number of leaves/plant at harvest differed signifi

cantly for all cultural systems as determined by variance partitioning 

and F tests. It is evident that as the duration of exposure to the 

simulated wind and sand storms increased, the average number of leaves/ 

plant declined rather regularly in the open system (at an average rate 

of 0.060 leaves per minute, omitting consideration of the 12 minutes 

wind without sand), much less so in the ammonium lignosulfonate system, 

except at the 24 minute exposure, and very slightly in the more 

protective systems. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Two different experiments were conducted in 1974 and 1975 to 

evaluate the effectiveness of several systems designed to protect 

vegetable seedlings from damage caused by wind blown sand. The 1974 

experiment involved three protective macrosystems and five protective 

microsystems arranged in a split plot design. It was conducted under 

field conditions on the Agronomy Farm at Texas Tech University using 

Cima hybrid and Yellow Sweet Spanish onions grown from seed. The 

macrosystems consisted of two 40" beds of onions protected on the north 

and south by long 40" beds of winter wheat, four beds of onions pro

tected by wheat in the same manner, and a control or open field 

treatment. The microsystems consisted of millet stubble, cotton gin 

trash mulch, cultivation to roughen the soil surface, and a control 

treatment. 

The 1975 experiment was conducted in a greenhouse utilizing a 

wind tunnel at the U.S.D.A. Agricultural Experiment Station at Big 

Spring, Texas, and involved a 3 x 4 x 6 factorial design with three 

seedling ages, four wind and sand protective systems and six wind and 

sand exposure treatments. The protective systems were cotton gin 

trash mulch, rye stubble, one inch high soil ridges stabilized with 

ammonium lignosulfonate and a control. 

59 



60 

The results and conclusions of these experiments are briefly 

summarized as follows: 

Experiment 1-1974 

1. Yields of Cima hybrid and Yellow Sweet Spanish onions were high-

est in the protective macrosystem composed of two 40" beds of 

onions bordered by 40" beds of winter wheat on the north and 

south (2B2W). Cima averaged 615, 50 lb. bags/A and 169,300 

bulbs/A using this system. Yellow Sweet Spanish averaged 969, 

50 lb. bags/A and 225,980 bulbs/A. Onions in the open field 

system sustained more damage than those that were protected in 

the winterwheat wind barriers, indicating that measures should 

be taken to control wind blown sand under similar field condi

tions. 

2. Yields were highest for both Cima hybrid (648 bags/A) and Yellow 

Sweet Spanish onions (1,021 bags/A) in the cotton gin trash 

mulch microsystem. 

3. The combination of the 2B2W macrosystem and the cotton gin 

trash microsystem produced the highest yields in both onion 

varieties than any other protective systems employed, averaging 

786 bags/A for Cima hybrid and 1262 bags/A for Yellow Sweet 

Spanish. 

4. Plant growth (top fresh weights at harvest, plant height at 

harvest, average leaves/plant and stand counts) followed a 

similar pattern to that of yield in relation to protective 

systems employed. 
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5. Regression analysis of data indicated that top growth was more 

important than stand density in producing high bulb yields, 

though stands were improved in the systems giving increased 

yields. 

Experiment 11-1975 

1. Percent survival of onion seedlings exposed to a simulated 

sandstorm improved with age of seedling at time of exposure. 

Percent survival was found to be essentially a linear function 

of the duration of the exposure period (Age 1, r= -.764***, 

Age 2, r= -.725**, Age 3, r= -.576***). The intercepts were 

very close for seedlings of the three ages, but the regression 

cpefficients declined with age, by^ = -1.571, -0.792, and 

-0.433 for ages 1 (youngest), 2 and 3 respectively. 

2. The rye stubble and cotton gin trash mulch were more effective 

in reducing sand damage and increasing plant survival than were 

the ammonium lignosulfonate and open systems. In all systems 

older seedlings had higher survival rates than younger seedlings. 

3. The data indicated that seedling survival was a function of age 

of seedling at time of exposure, duration of the exposure period, 

and protective system provided. 

4. Plant growth following injury by a sandstorm was delayed or 

retarded somewhat in proportion to the percent survival: 

r=.930** for cms height 10 days after exposure to a sandstorm 

and percent survival of Age 1 onions. Plant height at 10 days 

and final plant height were also correlated (r=.740**). Plant 
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fresh weights at harvest also varied with age of exposure, 

exposure duration and the various protective systems employed. 

Age 3 weighed 31% more than Age 1 and 12% more than Age 2. 

Fresh weights decreased with length of time of exposure. 

Onions harvested from the cotton gin trash mulch protective 

system weighed 24% more than the open system and 14% more than 

the rye stubble protective system, the second best system in 

relation to fresh weights at harvest. The ammonium lignosulfo

nate stabilized ridges were intermediate between the open or 

control system and the rye stubble, in regards to the protection 

that they offered. 
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