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ABSTRACT 

Field trials were conducted in Tucson, Arizona to 

evaluate the effects of soil surface moisture on the 

germination and establishment of guayule (Parthenium 

arcrentatum) using sprinkler irrigation. Distance from the 

sprinkler line was used to provide a soil moisture gradient 

in which the effects of different soil surface moisture 

contents on the germination and establishment could be 

determined. 

Preliminary drip irrigation and sprinkler irrigation 

trials indicated a higher establishment percentage was 

possible with sprinkler irrigation. 

A study completed in May, 1985 resulted in an 

overall establishment of 52 percent. This study showed 

excellent stands of guayule occurring with a soil surface 

moisture content at or slightly below field capacity. A 

moisture content below 9.3 percent showed a statistically 

significant decrease in the establishment. This study also 

showed that temperatures from 11.8 to 36.0 degrees C. had no 

statistically significant effects on the germination and 

establishment of guayule. 
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INTRODUCTION AND LITERATURE REVIEW 

Guayule (Partheniurn arcrentatum, Gray) is a rubber 

producing, perennial desert shrub, native to the desert 

regions of southwest Texas and north central Mexico. It is 

one of 2000 species of plants that produce a latex from 

which natural rubber can be made. 

It is this rubber producing ability which gives this 

plant a commercial interest. Recently, interest in this 

plant has increased because all natural rubber is imported, 

and the demand is expected to increase. The United States 

government is interested in a domestic source of rubber to 

prevent the possibility of disrupted import supplies. 

Presently, the largest problem of establishing a 

domestic supply is in the economics of producing rubber from 

guayule. Research is presently being done on various 

aspects of guayule rubber manufacture. Some of these 

aspects are growing of the plant, rubber yield, and 

extraction of the latex. 

This research is designed to study the growing 

aspect of guayule; specifically, the germination and 

establishment of the plants. Currently, field stands are 

established by transplanting seedlings grown under 

greenhouse conditions. Transplanting of seedlings has been 

1 



2 

successful, but economically questionable. Direct seeding 

may be a way to economically establish stands of guayule. 

Presently, it has been very difficult to obtain satisfactory 

stands by direct seeding. Hammond and Polhamus (1965) point 

out that this problem is due to the difficulty of 

establishing and maintaining favorable growth conditions. 

The seed's small size and consequential lack of vigor 

enhance the need for optimal growth conditions. For 

favorable growth conditions, one must look at the effects 

of soil moisture content, soil salinity, depth of covering, 

temperature, diseases, insects, weeds, soil aeration, and 

wind damage. 

The purpose of this project is to study the effects 

of water level and sprinkler irrigation on establishment of 

directly seeded guayule. Stand counts and measurements of 

soil surface moisture and temperature will be compared with 

each water level (determined by distance from a sprinkler 

line). The results are used to evaluate the establishment 

of guayule to determine if establishment is feasible under 

sprinkler irrigation on a commercial scale. In addition, an 

indication of the soil surface moisture, temperature, and 

climatic parameters needed for optimum growth will be 

determined. 
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Soil Moisture Effect On Guavule Establishment 

The effect of soil moisture on guayule germination 

and establishment has been the subject of many studies. 

Direct seeding trials up to the late 1950's used primarily 

furrow irrigation. 

When using furrow irrigation, frequent irrigations 

were necessary to maintain the required high moisture 

content on the soil surface layer. Hansen (1944) during 

planting in the fall and spring near Bakersfield, 

California, obtained good stands only with a preirrigation 

and daily irrigation. Just north of Indio, California, 

Haise (1945) obtained fairly good stands during October with 

a preirrigation and subsequent irrigations every other day. 

In Salinas, California, Tingey (1943,1945a,1945b) 

studied the effect of the frequency of irrigation on 

seedling emergence. Emergence over a two week period 

indicated a significant difference in favor of daily 

irrigations. Tingey also found no significant increase in 

emergence when pregerminated seed was planted on 

preirrigated soil when compared to dry soil. However, when 

planting with dry seed, a slightly better emergence occurred 

on preirrigated soil. 

Slightly improved germination and establishment 

rates were found with a higher moisture level when drip 

irrigated. However, irrigation water applied too 
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frequently was found to have a detrimental effect on the 

guayule stands (Abrahams, 1984). This detrimental effect 

was probably due to the ponding observed, causing soil 

aeration problems. 

Using overhead sprinkling, nurserymen in California 

and Arizona, strove to keep the soil surface moist by 

irrigating three or more times daily for periods of five to 

ten minutes. As soon as most of the seedlings had rooted to 

a depth of three or four inches, watering was adjusted to 

maintain a supply of available moisture within reach of the 

roots. Watering was also adjusted to allow the soil surface 

to dry sufficiently to control disease (Taylor, 1946). 

Dryland trials of directly seeded guayule were 

mostly unsuccessful. Experimenters in Salinas, California 

(Davis, 1945b) and southern Texas (Cowley, 1945) produced 

only poor stands. The poor stands were attributed to low 

temperatures during the rainy season and low rainfall when 

optimum temperatures prevailed. 

Salinity 

Once guayule has been established, it is considered 

to be slightly salt tolerant. However, salinity decreases 

germination and seedling growth. The salinity level in the 

seeding zone is determined largely by the soil moisture 

content and by water movement into the seeding zone. 
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Miyamoto, et al. (1984) found emergence was 

inversely related to salinity. Only five percent emergence 

was found in field plots furrow irrigated twice a day with 

water containing 4.5 mmhos/cm salts. Seedling mortality was 

negligible when irrigated with distilled water, but 

increased with inceasing salinity. This study also found 

that salts introduced through the irrigation water 

accumulated mostly in the top 5mm of soils with 

concentrations of 4 to 22 mmhos/cm. The salt contents at 

the seeding depths were thought to be low enough to allow 

germination. The low emergence and high seedling mortality 

observed appeared to be due to the damage of hypocotyles and 

seedlings by accummulated surface salts. This study 

indicated difficulty in establishing guayule if the 

irrigation water exceeds about 1 mmho/cm salts. 

Seed bed preparation can be an important factor in 

overcoming salinity problems. Reduced emergence has been 

noted with seeds planted near the center of the bed as 

compared with those planted near the edges (Hilgeman, 1946). 

In studies done by Davis (1945a), on alkaline soils in 

Anthony, New Mexico, good stands were obtained by flat 

flooding and by planting on the sides of ridges. 

Depth of Covering 

The depth at which guayule seeds are planted has a 

large effect on the germination and subsequent 
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establishment. This sensitivity to depth of planting is 

largely attributed to the seeds high oxygen requirement and 

lack of vigor (Taylor, 1946). 

Taylor, in a summary of research done by Tingey and 

Hilgeman, stated that for best results planting depth should 

not exceed one-eighth inch (0.3 cm) and there should be no 

crusting of soil to impede emergence. Tingey's research 

showed that planting depths of 1/8 to 1/4 inch (0.3 to 0.6 

cm) with no packing of covering soil, gave much better 

stands than deeper planting. Hilgeman obtained his best 

stands from planting at a depth of 1/8 to 3/16 inch (0.3 to 

0.5 cm) with loose soil cover (Taylor, 1946. p 56-60). 

Under greenhouse conditions, Sleeth (1945) found 

that the reduction of depth of cover from 0.2 to 0.1 inch 

(0.5 to 0.25 cm) doubled the number of seedlings emerging. 

Under nursery conditions using overhead sprinklers, Engstrom 

(1944) found that he could reduce the sand cover, normally 

1/8 to 1/10 inch (0.3 to 0.25 cm), to one-third or one-forth 

of that amount without serious reduction of seedling stands. 

In both the greenhouse and nursery trials, absence of any 

cover reduced germination. 

The use of pure sand for covering the seeds was 

found to give better emergence than when soil cover was 

used. In Engstrom's work at Salinas, stands where soil 

cover was used were only one-half to three-fourths as good 
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as when sand was used. Taylor (1942) found that use of 

creek sand containing some silt reduced seedling emergence 

by more than one-third, when compared to pure sand. 

Research shows guayule seeds to be very sensitive to 

depth of cover. For best results, the seeds should be 

planted within the top 1/8 inch (0.3 cm) of the soil. The 

soil surface should be loosely packed with a high sand 

content. 

Temperature 

The optimum temperature range for guayule 

establishment has been reported to be between a minimum of 

50 to 60 degrees F (10 to 16 degrees C) and a maximium of 80 

to 85 degrees F (27 to 29 degrees C). Establishment has 

occurred with temperatures as low as 37.4 degrees F (3 

degrees C) and as high as 110 degrees F (43 degrees C) 

(Taylor, 1946). In general, total emergence was observed to 

begin to decline when night air temperatures fell below 60 

degrees F (16 degrees C) despite favorable daytime 

temperatures. 

Hilgeman (1944 and 1945) obtained emergence of more 

than 10 percent of the viable seed with a mean minimum 

temperature of 37 degrees F (3 degrees C). About twice this 

percentage was obtained when the mean minimum temperature 

was 40.6 degrees F (5 degrees C). Emergence was, however, 

very slow at the colder temperature spreading over a period 
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of 60 to 70 days. McAfee (1943) was also able to establish 

stands at cold temperatures. He established good stands at 

minimum temperatures of 40 degrees F (4 degrees C). 

However, he had maximum temperatures during the day of 90 

degrees F (32 degrees C). 

Preliminary work for this thesis, done in June, 

1984, in Tucson, Arizona, produced a satisfactory stand with 

maximum air temperatures as high as 107 degrees F (42 

degrees C), under drip irrigation. A fall planting at the 

U.S. Date Garden, in Indio, California, produced 

satisfactory emergence in spite of high soil and air 

temperatures reaching as high as 110 degrees F (43 degrees 

C) (Haise, 1945). 

The evidence indicates that the best stands of 

guayule are attained when minimum and maximum temperatures 

are between 50 and 85 degrees F (10 and 29 degrees C) 

respectively. If minimum temperatures drop below 50 degrees 

(10 degrees C), germination is hindered and possibly even 

prevented. Temperatures over 85 degrees F don't appear to 

be as harmful as temperatures below 50 degrees F. Besides, 

if the soil is kept moist, it will remain cooler than the 

air indicating that some moderation is possible when high 

temperatures prevail. 
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Diseases, Insects, and Weeds 

High seedling losses can occur due to diseases, 

insects, and competition by weeds. The disease causing 

pathogens can be divided into those that effect stand 

establishment and those that effect mature plants. Only 

those that effect stand establishment will be considered 

here. The insects are a mixture of harmless, beneficial,and 

damaging species. Only the damaging species will be 

considered. Weeds are more competitive, so they tend to be 

damaging to nonestablished guayule stands. 

Diseases causing poor stand establishment are 

primarily caused by species of Fusarium, Phvtophtora. 

Pvthium. and Rhizoctonia. These species can destroy seeds 

and emerging seedlings. The plants that survive infection 

may be stunted and weak in appearance (Fangmeier, et al. 

1984). 

Fangmeier, et al (1984) associated infection with 

excess soil moisture. Infection was favored on soils with 

high organic matter and poor drainage. Campbell and Presley 

(1946) reported that on well drained soils, losses from 

disease was not an important factor in the production of 

nursery or field grown guayule. Disease losses only 

occurred in localized areas on poorly drained soils under 

irrigation, and on well drained soils when excessive water 

was applied. 
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If seeding is to take place under greenhouse 

conditions, care must be taken to sterilize the planting 

containers and soil. Infections have occurred in instances 

where the planting containers were reused or the soil was 

infected with a pathogen. Sterilization is accomplished by 

washing the containers in a 10% hypochlorite solution. The 

potting soils are pasteurized (Fangmeier, et al. 1984). 

Insect infestations can be a major problem in 

guayule establishment. This is especially true in directly 

seeded guayule that has not yet acquired true leaves. 

Preliminary seedings for this study, in Tucson, Arizona, 

encountered problems with flea beetles, leaf hoppers, and 

ants. Ants were especially a problem, since spraying the 

plots with insecticide (Diazinon) didn't stop them from 

damaging the seedlings. Ants were also seen digging up and 

carrying away the seeds. Insecticide controlled the other 

insects for about a week per application. Ant damage was 

minimized by directly applying Diazanon guanules and 

spraying their nests on a daily basis. Abrahams (1984) 

reported a major reduction in his stand due to flea beetles, 

leaf hoppers, and ants. In a later planting, by using 

Diazonon granules and spraying, he attained a satisfactory 

stand. 

A ten percent plant loss was attributed to flea 

beatles (Svstena sp., and Epitrix sp.) in some fields of 
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transplanted guayule in Central Arizona in 1980 and 1981 

(Fangmeier, et al. 1984). Several other insect species are 

occasionly found as pests of guayule. These insects include 

the green peach aphid (Aphis qossvpii Glover); lygus bugs 

(Lvcrus hesperus Knight, L^. elisus VanDuzee, and L_s_ sallei 

Stal); the carrot beetle (Bothvnus gibbosus DeGreer); and 

the migratory grasshopper (Melanoplus sanguinipes 

Fabricius). 

Established stands (1 year or older) of guayule have 

been observed to be less vulnerable to serious insect damage 

than seedlings or recent transplants. Damage to established 

stands is usually restricted to seed production and new 

growth (Hammond and Polhamus. 1965). Pesticides have been 

effective in minimizing insect damage. 

Weed control is important in guayule establishment. 

Due to the faster growth of weeds, they can quickly overgrow 

and smother the small guayule seedlings. Presently, control 

of weeds has to be done by hand and mechanical cultivation 

with good management. During establishment, weed problems 

can be reduced by irrigating before planting, to germinate 

the weed seeds, and.then cultivating. Sprinkler irrigation 

is very effective for this practice even though it produces 

many weeds on the beds. Weeds on the beds are harder to 

control than those in the furrows. 
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Problems with weeds can be reduced by selecting 

fields that previously have had few weeds and by planting in 

the spring when the guayule will grow the quickest. Water 

application control is important since the necessary 

frequent irrigations after planting are conducive to weed 

growth. Also, wet fields prevent mechanical cultivation. 

Once herbicides are registered for use with guayule, 

production may be possible. Diuron, fluridone, 

glyphosphate, oxyfluorfen, pendimethalin, trifluralin, and 

Bas 9052 have shown promise for use in guayule (Fangmeier, 

et al. 1984). Until registration takes place, weeding will 

have to be done by hand hoeing and cultivaton. 

Soil Aeration and Wind 

Soil aeration and wind are important factors when 

dealing with guayule establishment. Under conditions of 

inadequate aeration, seedling loss from disease is high. As 

previously mentioned, soils with a high water retention 

capacity, poor drainage, or which are allowed to remain wet 

for long periods of time, are prone to plant disease. These 

are the conditions of poor soil aeration. Wind can blow 

soil around and either bury the seeds deeper or expose them 

on the surface. Soil on the seedling leaves may cause 

disease. During the earlier stages of establishment, 

seedlings can be damaged by blowing sand. 



13 

Very little control is possible against wind damage. 

Planting on the side of rows may be of some help against 

mild winds, but not against strong winds. Soil aeration can 

be controlled by controlling the soil moisture and 

preventing surface crusting. 

Sprinkler Irrigation 

Establishing good stands of guayule economically 

from direct seeding, may be possible by using sprinkler 

irrigation. Sprinkler irrigation has the advantages of 

applying the moisture to the soil surface, pushing soluble 

salts out of the seeding zone, and allowing a high degree of 

control over the frequency and amount of irrigation water 

applied. Other advantages of sprinkler irrigation are: 

lower water use, good application uniformity, low labor 

costs, climate control, portability, flexibility, and soil 

conservation (Pair, 1983). 

Sprinklers apply moisture to the soil surface where 

it is needed by the young seedlings. The irrigation water 

can easily be applied in amounts small enough to prevent 

saturated conditions, yet allow frequent irrigations to keep 

the soil surface sufficiently moist. Electronic controllers 

and relays can be used to automate the systems. The 

sprinklers can be turned on and off as many times as needed 

to insure ample surface moisture and adequate aeration. 
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Sprinkler irrigation does have some disadvantages 

associated with it. Many of these disadvantages can be 

overcome. The droplets falling on the surface can reduce 

soil particle size and seal the soil surface. This 

interferes with air movement into and out of the soil and 

decreases water penetration. Sprinklers are affected by 

wind, thereby distorting the distribution of the irrigation 

water. The high pressures required for sprinkler irrigation 

mean a high energy use. 

Large water droplets can break up the soil 

particles. To solve this problem one must break up the 

droplets into smaller droplets. This is accomplished by 

using a small nozzle size and increasing the water pressure. 

Smaller droplets have a minimal effect on soil particle 

breakup (Pair, 1983). 

The smaller droplets increase the effect of wind. 

Wind effects can be reduced by decreasing the sprinkler 

spacing. A closer spacing increases the overlapping of 

the sprinklers which increases the distribution efficiency. 

While this won't insure a perfect distribution pattern under 

windy conditions, it should be adequate for guayule 

establishment. 

The high pressures needed increase the energy 

requirement. A larger pumping plant is required and 

subsequent higher energy costs arise. With automation of 
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the system and good management, these costs will be reduced. 

Reduction in labor costs and savings in water usage will 

help to offset the higher pumping costs. 

In areas with saline water, water left on the 

seedling leaves can cause leaf burn. The necessary frequent 

irrigations may increase this problem. In areas where leaf 

burn occurs, other forms of irrigation may be considered. 

Preliminary work for this study involved use of both 

drip and sprinkler irrigation. Prior to this work, Abrahams 

(1984) completed a study similar to this one using drip 

irrigation. The results of the preliminary work and 

Abrahams work, while not conclusive, indicated that 

establishment of guayule, under sprinkler irrigation, may be 

better than establishment under drip irrigation. 



MATERIALS AND METHODS 

Four direct seeding trials were conducted. Two 

preliminary trials were conducted during the summer of 1984, 

one full scale trial during the fall of 1984, and another 

full scale trial during the spring of 1985. These trials 

were conducted on the University of Arizona Campus Avenue 

Agricultural Center in Tucson. The soil on the farm was 

classified as a Gila loam, coarse-loamy mixed (calcareous), 

thermic family of typic torrifluvents (Clark, 1983). The 

irrigation water was considered to be of high quality 

(soluble salt concentration = 250 ppm). Excellent climatic 

conditions for directly seeded guayule studies occur during 

the months of May and October (Abrahams, 1984). Non 

varietal conditioned mixed bulk seeds from Salinas 

California (Chandra, 1984) were used in the first three 

trials. Variety 11591 seeds were used in the final trial. 

Pelleted Salinas bulk seeds were used in the preliminary 

trials. Pelleted, Variety 11591 seeds were used in the 

fall 1984 trial. No pelleted seeds were used in the final 

trial. 

Preliminary Summer Planting - June, 1984 

This small scale preliminary trial was conducted 

using drip irrigation. This study had a threefold purpose: 

16 



1) to help determine experimental methods to be used in 

later direct seeding studies, 2) to determine the 

feasibility of guayule establishment with high temperatures 

using drip irrigation, and 3) to continue a study on the 

effects of seed placement, initiated by Abrahams (1984), by 

using additional placements. 

A double chamber drip tape (30 cm orifice spacing) 

was installed, north to south, in each center of three 100 

cm spaced seed beds, at an approximate depth of 8 cm. The 

tape had a rating of 0.5 gals/min/100 ft. (0.10 L/sec/100 m) 

at 6 psi pressure. Seed was manually planted at a depth of 

about 0.2 cm, at a seeding rate of 50 seeds per linear 45 

cm. The seed used was conditioned Salinas mixed bulk. Two 

of the plots had pelletized seed planted at a rate of 25 

pellets per linear 45 cm. Each pellet contained seven 

seeds. The seeds (and pellets) were planted on both sides 

of the drip line, at placements of 5, 10, and 15 cm from the 

drip line. Each side of the drip line was considered a 

replication (ie. two replications per plot). Cheese cloth 

was placed over six of the seeded plots and both of the 

pelleted plots. Two of the seeded plots had no cheese 

cloth. Since the plots were chosen based on the visual 

uniformity of the wetting fronts, each row contained a 

different number of plots with random spacings. This 

randomness allowed the plots to be set up in a completely 



18 

randomized design. Adjacent sample sites were put on both 

sides of each plot. These sample sites allowed soil 

moisture and temperature data to be gathered without 

disturbing the planting sites. 

Prior to planting, the seed plots were completely 

wetted by a preirrigation. After planting, water was 

applied eight times a day. The duration of each cycle was 

determined by the position of the wetting front. During the 

germination stage, which lasted twelve days, the wetting 

front was beyond the 15 cm placement. After the germination 

stage (the estabishment stage, which lasted thirteen days), 

the water was reduced so that the wetting front in the plots 

was between the 10 cm and 15 cm placements. The system was 

operated at 3 psi of pressure, reducing the problem of 

ponding, which occurred in some of the plots. 

Climatological observations included air temperature 

and precipitation recorded at the farm weather station. 

Climatological data here and throughout this paper also 

include soil moisture and soil temperature data aquired 

during the experiment. Soil temperatures were monitored 

with' thermocouples and a twenty-four post Honeywell chart 

recorder. Thermocouples were placed at each placement and 

the bed edge of five plots, at a depth of about 0.2 cm. One 

thermocouple was placed in a shaded spot to measure ambient 

air temperatures, and another was placed in an adjoining 
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non-irrigated bed to measure dry soil temperatures. Soil 

moisture was measured gravimetrically by sampling the top 

0.3 cm of each placement in the seeded plots with cheese 

cloth. Standard procedures were followed for gravimetric 

analyses. Total water usage was measured by two inline 

water meters. 

For ant control, Diazinon granules were spread 

around the beds and the anthills after seeding, and 

periodically thereafter. Diazinon spray was applied to the 

seedlings approximately once every week, to control insects. 

Counts of germination were taken daily. Toothpicks 

were used to mark each germinating seed (or pellet). 

Weeding of the plots was done by hand on a daily basis. 

Preliminary Summer Planting ̂  July. 1984 

This small scale preliminary trial was conducted 

using sprinkler irrigation to compare sprinkler irrigation 

with drip irrigation for the establishment of directly 

seeded guayule. Distance from the sprinkler line was the 

variable used to determine the optimum soil moisture needed 

to establish directly seeded guayule under sprinkler 

irrigation. Under sprinkler irrigation the innermost bed 

receives the most water. Each subsequent bed receives less 

water as distance from the sprinkler line increases. This 

produces a moisture gradient useful in assessing the affect 

of soil moisture on the establishment of guayule. 
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The field consisted of fourteen beds, each 30 meters 

long by one meter wide. The sprinkler line was placed, 

north to south, in the middle of the field, with seven beds 

on either side (see Figure 1). The beds immediately 

adjacent to either side of the sprinkler line were not used 

for seeding. Two Rainbird sprinklers with 5/64 inch (0.2 

cm) nozzles were placed 30 feet (9.1 m) from each other. 

Eighteen inch (46 cm) risers were used to attach the 

sprinkler heads to the line. An inline water meter was 

placed into the system to measure water usage. The system 

was operated at 65 psi pressure. 

The two beds adjacent to the sprinkler line were 

used for access. One plot was put on each of the twelve 

remaining beds (six on either side of the sprinkler line). 

The plots were centered between the sprinklers. Each plot 

consisted of two, eighteen inch (46 cm), planting sites (A & 

B) and three 12 inch (30 cm) sample sites. The sample sites 

were used to obtain soil samples without disturbing the 

planting sites. Two of the sample sites were on either end 

of the planting sites, and the third sample site was in the 

middle, separating the planting sites (see Figure 2. 

Planting sites A (the northern sites) had 100 (bulk) seeds 

planted at a depth of about 0.2 cm. Planting sites B had 25 

pellets (pelleted bulk) planted by pressing into the soil. 
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| "—" represents one plot. "+" indicates sprinklers. \ 

BED 
NO. >N | 

6 — 1 
1 w 5 1 
1 E 4 1 
1 s 3 — 1 
1 T 2 1 

1 1 

| SPRINKLER — + + LINE I 

1 1 
i E 2 1 
1 A 3 1 
1 s 4 1 
1 T 5 1 

6 "• — 1 

Figure 1. Field layout for July 1984 planting. 

T = Thermocouple placement 

Site B 

****PELLET**** 

>N 
Site A 

H 1 1 1 1 H 
| < — 30cm-> | < 46cm > | <—30cm-> | < 46cm > | <—30cm-> | 

Figure 2. Typical plot layout for July 1984 planting. 



22 

After planting, the field was irrigated. Irrigation 

water was applied in cycles to assure a moist soil surface. 

Since no automation equipment was available, the sprinkler 

system had to be cycled manually. The cycles started in the 

early morning (between 5:00 and 7:00 AM) as needed to 

maintain proper surface moisture, and stopped in the evening 

(between 6:00 and 7:00 PM). The outermost beds were used as 

an indicator of when to irrigate. When the outermost beds 

showed visual signs of surface dryness, the sprinklers were 

started and run until the surface of the outermost beds were 

moist, normally about 30 minutes of operation. 

Climatological data were obtained similar to the 

previous trial. Soil moisture was measured gravimetrically, 

by using composite samples from each sample site, to 

represent each plot. The soil moisture samples were taken 

at random times between cycles. Thermocouples were placed 

in each of the southernmost sample sites, at a depth of 

about 0.2 cm. One thermocouple was placed in dry soil at 

about 0.2 cm depth and another was placed in a shaded spot 

to measure air temperature. A 25 mm square brass shim was 

soldered to each thermocouple in an attempt to increase the 

accuracy of the measurements. 

Counts of germination were taken daily. Toothpicks 

were used to mark each germinating seed (or pellet). 

Weeding of the plots was done by hand on a daily basis. 
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Fall Planting-October. 1984 

Results from the preliminary summer plantings 

indicated a possible superiority of sprinkler irrigation 

over drip irrigaton. This trial was full scale, using 

sprinkler irrigation. The purpose of this trial was to 

confirm the results of the preliminary sprinkler trial and 

to obtain data which might provide statistical evidence for 

or against the feasibility of direct seeding of guayule 

under sprinkler irrigation. 

The field consisted of eight beds, forty meters long 

by one meter wide, on the east side of the north to south 

sprinkler line. No beds were placed on the west side due to 

the lack of soil uniformity on that side. Four Rainbird 

sprinklers with 5/64 inch (0.2 cm) nozzles were placed 30 

feet (9.1 meters) apart on 18 inch (46 cm) risers. The 

system was automated by use of an irrigation controller and 

solenoid valve. The controller allowed up to eight daily 

cycles with two possible durations and four cycles for each 

duration, thus eliminating the need for constant monitoring. 

The system was operated at 70 psi pressure. 

Three pairs of 18 inch (46 cm) plots were set up on 

each bed (a total six plots per bed). Each pair of plots 

was centered between a pair of sprinklers. Figure 3 shows a 

layout of the field. The beds were numbered 1 through 8 and 

the plot positions were designated by letters A through F. 
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1 " — 11 represents one plot. "+" indicates sprinklers. j 

| BED 
| NO. A/B 

— >N ] 
C/D E/F 

| 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

— 

j 

Figure 3. Field layout for fall 1984 planting. 

T = Thermocouple placement 
— >N 

Plot 1A Sample site Plot IB 
+ + 

1 1 

+ •+ 

1 1 
1 1 
j **a**aa*sEED******** j T 

1 1 
j AAAAAAAASEED********I 

|**A***APELLET*******| 
1 1 

I | 
1 1 

1 1 
+ + 

1 1 
+ •+ 

j< 46 cm >|< 30 cm > | < 46 cm >| 

Figure 4. Typical plot layout for October 1984 planting. 
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Twelve Inch (30 cm) sample sites (designated by a space in 

between each plot pair in Figure 3) separated individual 

plots within the plot pairs. 

In the center of each 46 cm plot, fifty (Bulk) 

seeds and twenty (Variety 11591) pellets were planted. The 

seeds were planted in linear arrays 3 inches (7.62 cm) west 

of the pellets, at a depth of about 0.1 to 0.2 cm. The 

pellets were pressed by hand into the soil surface. All 

planting and final plot preparation was done by hand. 

Figure 4 shows a typical plot layout. 

Irrigation water was applied so that the soil 

surface was kept visibly moist. The exception was with Bed 

number eight which was allowed to be slightly dry. The 

irrigation water was applied in cycles. Initially two mid 

morning and two late afternoon cycles of 20 minutes each, 

and four late morning through mid afternoon cycles of 30 

minutes each were applied. As the weather got cooler during 

the trial, the cycle times were decreased. Towards the end 

of the trial, the cycles were about half of the initial 

times. 

Climatological data were obtained similar to that 

for the preliminary sprinkler trial. In addition, cans with 

6 inch (15.2 cm) diameter funnels on top, were set up to 

measure the amount of water being applied to each plot pair. 

Thermocouples were placed on each of the position A/B sample 
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sites. Air temperatures and dry soil temperatures were also 

monitored by thermocouples. Copper screen (2.2 cm diameter) 

was soldered to the thermocouples instead of brass shims. 

Spring Planting - June. 1985 

This trial was for the most part a duplication of 

the October, 1984 trial. This trial was considered 

necessary in order to fulfill the purpose of the October, 

1984 trial which was plagued with equipment malfunctions 

and nongerminating seed. The materials and methods used in 

this trial were identical to those in the October, 1984 

trial except as noted below. 

The field consisted of nine seed beds instead of 

eight. This aided the study of the effects of seed 

germination under low soil moisture conditions. Eight 

rainbird sprinklers with 5/64 in. (0.2 cm) nozzles were 

placed 15 ft. (4.6 m) apart on 46 cm risers. Closer 

sprinkler spacing allowed for greater irrigation uniformity. 

Eight sprinklers helped to insure complete coverage of the 

seeded area. The system was operated at 58 to 62 psi. The 

lower pressure was due to the additional sprinklers. 

The beds were numbered 1 through 9. No sample sites 

were made. Sample sites were considered unneccessary for 

sprinkler trials since ample soil was available adjacent to 

the seeds to do the necessary tests. Thermocouples were 
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placed in the space between the "A" and "B" placements. 

Figure 5 shows the field layout. 

Seventy-five Variety 11591 seeds were planted in the 

center of each plot. No pellets were planted. Figure 6 

shows a layout of the plots. The seeds were harvested 

November, 1903. The seeds were prepared by placing them in 

0.25% hypochlorite solution (Clorox bleach) for ten minutes. 

This allowed the lighter, unfilled seeds to be removed and 

sterilized the other seeds, thereby reducing problems with 

fungal diseases. Distilled water was used to rinse the 

seeds. 

The irrigation water cycles were fairly consistent 

throughout this trial. Two mid morning cycles, one late 

afternoon, and one early evening cycle of about 18 minutes 

each, and four late morning through mid afternoon cycles of 

about 36 minutes each were applied. The four longer cycles 

were varied according to irrigation need. Concerning the 

four longer irrigation cycles, the shortest time was 32 

minutes and the longest was 45 minutes. Cooler, cloudy days 

needed less water than hot clear days. 

Irrigation water was applied so that the soil 

surface was kept visibly moist. The exceptions were with 

Beds eight and nine. Bed eight was wetter and Bed nine was 

dryer than Bed eight in the October, 1984 trial. 
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represents one plot. " + " indicates sprinklers. 

ppn ^ N 
{jjjy A/B C/D E/F 

2 
3 

4 
5 

6 
7 
8 
g 

Figure 5. Field layout for spring 1985 planting. 

T = Thermocouple placement 
>N 

Plot 1A Plot IB 
+ +-+ + 

AAAAAAAASEED********* T AAAAAAAASEEDAAAAAAAAA 

+ +-+ + 
| < 46 cm >1 I < 46 cm >| 

Figure 6. Typical plot layout for spring 1985 planting. 



The data were analyzed as a randomized block design. 

The lack of randomization is believed not to affect the 

conclusions. Research completed by Bauder, Hanks and James 

(1976) showed that "the conclusions reached using standard 

statistical technique (and ignoring the randomization 

restriction) were the same as reached with the more 

conventional designs. Thus it appears... that lack of 

randomization is not always a serious limitation." 

MSUSTAT sub-program AVMF was used to calculate the 

analyses of variance (ANOVA) and separation of means 

(Newman-Keuls test) for the germination and establishment 

results. The independent variable, or factor, was the 

distance from the sprinkler line. Plot pairs were averaged 

together and blocked according to which sprinkler pair they 

were between (three blocks total). The Newman-Keuls test is 

essentially a Duncan's Multiple-Range test. 

MSUSTAT sub-program MREG (for regressions) was used 

to find a relationship between soil moisture and distance 

from the sprinkler line in the June 1985 trial (the best 

results were obtained from this trial). 



RESULTS AND DISCUSSION 

Two preliminary trials, one using drip irrigation 

and the other using sprinkler irrigation, were completed 

during the summer of 1984. Full scale trials were completed 

during the fall of 1984 and spring of 1985. 

Preliminary Summer Planting ̂  June, 1984 - Summary 

The randomness of the wetting fronts of each of the 

beds, allowed ten plots to be set up in a completely 

randomized design. Some bias may have been introduced by 

selecting plots with uniform wetting. This was deemed 

necessary to reduce variation in plot wetness. 

Table 1 is a summary of establishment results 

obtained in this trial. The results are are reported as 

percent of viable. This is the percent of seeds that 

germinate (or establish) in the field divided by the percent 

that germinated in the laboratory germinator. The 

laboratory results give an indication of the percentage of 

seeds (or pellets) that are viable (viability of seeds and 

pellets with at least one seedling are 33 percent and 79 

percent respectively). The results indicate that the best 

establishment rates occurred with pelleted seed at the 5 cm 

placement with a 55.7 percent average establishment. Seed 

without cheesecloth establishment rates had no significant 

30 
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Table 1. Average germination and establishment percentages 
of seeds and pellets (June, 1984). 

I I 
+ +-
| RON | 
I I 

SEED WITH 
CHEESECLOTH 

-+-

I SEED WITHOUT 
CHEESECLOTH 

— — __ —h 
| PELLETS WITH AT | 
I LEAST ONE PLANT I 

GERM. 
% OF 
VIABLE 

+ +-
I A | 
I I 
I B | 
I I 
I C | 
+ +-
I Avg| 
+ +-

ESTAB. | GERM. 
% OF | % OF 
VIABLE | VIABLE 

ESTAB. | GERM. 
% OF | % OF 
VIABLE | VIABLE 

ESTAB.| 
% OF | 
VIABLE| 

+ 
55.7 a| 

I 
27.8 b| 

I 
13.9 b| 

+ 
| 32.5 | 

+ 

27.9 a 

25.5 a 

15.5 a 

23.0 

23.3 a | 47.0 a 
I 

19.7 a | 36.4 ab 
I 

8.5 b | 15.2 b 

24.2 a | 58.2 a 
I 

25.8 a | 39.2 ab 
I 

11.5 a | 25.3 b 

17.2 | 32.9 
+ •— 

20.5 | 40.9 
+ 

Values followed by same letters are not significantly 
different (p <0.05 using Newman-Keuls test). Rows A, B, 
and C refer to placements 5, 10, and 15 cm respectively. 

differences between placements. Seed with cheesecloth had a 

statistically significantly lower establishment rate at the 

15 cm placement. The cheesecloth did not appear to have a 

beneficial effect, and in fact, may have been slightly 

detrimental. No statistical analyses were possible to 

determine if the cheesecloth is statistically detrimental to 

the establishment. This is due both to the unequal number 

of replications and the fact that there were only two 

replications of "no cheescloth" plots (this trial was only a 

preliminary trial so only general trends were being sought). 

Pelleted seed seems to be superior overall compared to 

single seed. 
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Table 2 shows the gravimetric soil moisture results 

and Table 3 shows the thermocouple results obtained during 

this trial. Table 2 indicates a decreasing moisture 

content going from the inner placements, to the outer 

placements. The average moisture level of each placement 

was higher than field capacity (17.5 %). The higher moisture 

levels seem to favor a higher establishment rate. Table 3 

shows the average maximum and minimum thermocouple 

temperatures obtained during this trial. The high 

temperatures are all above the optimum high temperature of 

27 to 29 degrees C. The low temperatures are all above the 

temperature considered to inhibit germination. 

The moisture content of the soil affected the 

maximum temperatures of the soil. The higher the moisture 

content, the lower the soil temperature. The temperatures 

in the irrigated zone were lower than in the unirrigated 

zone. The wettest, 5 cm placement, was slightly cooler than 

the 10 cm placement, which was slightly cooler than the 15 

cm (the dryest) placement. The irrigated zone temperatures 

were very close to the ambient air temperature. 

The high daytime temperatures were sufficient to 

inhibit the germination of the seeds. The establishment of 

the seedlings could also be adversely affected by the high 

temperatures. This may be an explanation for the high 

mortality rate of the seed without cheesecloth, as shown by 
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Table 2. Average* gravimetric moisture content (wt/wt) of 
seeding zones under cheesecloth (June, 1984). 

PLACEMENT PERCENT STANDARD 
MOISTURE DEVIATION 

5 cm 26.4 5.8 

10 cm 23.2 5.3 

15 cm 18.2 5.6 

^Average of eight trials. 

Table 3. Twenty day average maximum and minimum 
temperatures for each thermocouple placement 
(June, 1984). 

THERMOCOUPLE 
PLACEMENT 

MAXIMUM 
TEMPERATURES 
(DEGREES C.) 

MINIMUM 
TEMPERATURES 
(DEGREES C.) 

Air 37.0 16.3 

5.0 cm 36.5 15.7 

10.0 cm 37.0 15.5 

15.0 cm 38.5 15.5 

Row Edge 50.0 15.8 

Dry Soil 59.0 15.8 
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the large difference between germination and establishment 

in Table 1. 

The cheesecloth was removed at the end of the 

germination stage. The germination stage lasted for 12 days 

(from the day of planting) for the seeds and 14 days for the 

pellets. 

Two of the subplots containing seeds with 

cheesecloth occasionally had water ponding on the surface. 

Ponding occurred even when the water pressure was reduced to 

3 psi. The germination and establishment results from these 

subplots tend to be lower than the average, but they are not 

the lowest. This ponding may have lowered the average. 

This trial was terminated 22 days after planting (27 

days after the first irrigation). A total of 25 inches (635 

mm) of irrigation water was applied for the establishment of 

the guayule. With the onset of seasonal rains (22 days 

after planting) no additional irrigation water was added. 

Shortly after the rains started, the field became flooded 

and washed away the seedlings. 

Preliminary Summer Planting - July, 1984 - Summary 

The seeds that were planted did not germinate. Only 

the pellets germinated. This may have been due to heavy 

rains eroding the seed beds, compacting the soil, and 

possibly taking the seeds with the soil. The pellets were 

less affected by erosion. 



Experimental consistency and accuracy were lost due 

to lack of automation concerning the cycling of the 

sprinklers. The starting times and length of each sprinkler 

cycle often varied from day to day. 

Despite the problems with experimental consistency, 

the establishment rates were fairly consistent (see Table 

4). The germination and establishment results showed no 

statistically significant difference as distance from the 

sprinkler line increased. Laboratory germination results 

showed the viability of pellets with at least one seedling 

was 79 percent. Percent of viable pellets was calculated as 

in the previous trial. 

The west side of the field had 30 percent higher 

germination and 55 percent higher establishment than the 

east side. Plot 3E (read 3 East) was low due to heavy 

insect damage. Wind from the southwest caused more water to 

be applied to the east side. This is probably the cause of 

the 5 percent higher overall temperatures experienced on 

the west side. These higher temperatures are not thought to 

be the cause of the higher germination and establishment 

found on the west side. The average maximum temperatures 

(33.5 degrees C.) experienced were already considered high 

enough to cause a reduction in germination and establishment 

of the seedlings. The 5 percent higher temperatures would 

have reduced germination and establishment even further, 



Table 4. Summary of results for preliminary sprinkler 
trial (July, 1984) using pelleted seed. 

+ + + + 
BED| GERMINATED | ESTABLISHED | GRAVIMETRIC | IRRIGATION 
#| | | MOISTURE ** | APPLIC. RATE 
| (% VIABLE) | (% VIABLE) | (g/lOOg) | (mm/hr)*** 

1 E* W* 1 E W 1 E W | E W 

1 1 60 80 | 52 60 | 25.5 
j 

20.4 | 1.19 1.30 
1 

2 I 64 68 

| 

| 48 52 | 22.3 

| 
18.4 | 1.12 1.09 

1 
3 I 

i 
44 68 

1 
| 36 
i 

68 

| 

| 19.9 
j 

| 
18.2 | 

j 
0.86 0.94 

1 
4 I 

i 
60 76 

1 
| 44 

1 
76 | 21.0 17.1 | 

j 
0.76 0.64 

1 
5 I 

i 
72 84 

1 
| 44 
1 

80 

| 
| 20.0 15.1 | 0.56 0.61 

1 
6 I 56 84 

1 
| 40 72 

| 
| 20.7 

| 
13.3 | 0.43 0.23 

AVG| 59 | 77 | 44 | 68 | 21.6 | 17.1 | 0.82 | 0.80 

* East and west side of sprinkler line 
** Average of four trials 
*** Average of three trials 

relative to the lower temperatures on the east side, which 

is exactly the opposite of what was found. The lower 

germination and establishment on the east side may be due to 

overly moist conditions on that side. 

The irrigation application rate (see Table 4) was 

probably higher than actually measured. The one quart oil 

cans with 6 inch funnels on top allowed appreciable 

evaporation to occur. Water measurements, by water meter, 

indicated an average application rate of 0.54 inches per day 

(14mm/day) of irrigation water. The total water used for 
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this trial was 329 mm. The sprinklers were operated less 

than five hours per day. The cans recorded less than 0.16 

inches (4.1 mm) of water applied, indicating that about 70 

percent of the water evaporated before it could be measured. 

The can results also show the water distribution pattern. 

The results show that the expected moisture gradient was 

produced (ie. water application decreases as distance from 

the sprinkler line increases). 

Gravimetric moisture analyses (Table 4), in general, 

show the expected moisture gradient. The farther a bed is 

from the sprinkler line, the dryer it was. Wind caused the 

east side to be wetter than the west side. Wind may also 

have been the cause of the poor moisture gradient on the 

east side. No correlation was attempted between moisture 

content and plant establishment. Inspection of the data 

indicated that no correlation existed. The gravimetric 

moisture results showed a trend (values decrease with 

increasing distance from the sprinkler line) while the 

germination and establishment results showed no trend. 

Fall Planting - October. 1984 

As in the last planting, the seeds did not 

germinate. Only the pellets germinated. Planting the seeds 

in a germinator indicated lack of viability. Besides the 

bad seeds, the thermocouple recorder failed to work 

properly. Attempted repairs on the recorder failed to 
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resolve the problem. No other suitable recorder was 

available. Lastly, the distribution pattern of the 

irrigation water, as indicated by the cans, was not 

correct. Further discussion about the distribution can be 

found in the text below. 

The germination stage lasted fourteen days from the 

day of planting. The establishment stage, which started 

when the seed germination started to level off, lasted an 

additional sixteen days (thirty days total). Figure 7 

shows a plot of the germination curve. Germination, 

establishment, and gravimetric soil moisture results are 

listed in Tables 5 and 6. Table 5 shows the germination and 

establishment results of pellets with at least one seedling 

(the percentage of the twenty pellets planted that had at 

least one seed germinate or establish itself divided by the 

viability percentage obtained from laboratory germination 

tests). The viability of the pellets with at least one 

seedling and the total pelleted seed were 100 percent and 81 

percent respectively. Total pelleted seed refers to the 

individual seeds themselves (there were three seeds per 

pellet, totaling sixty seeds planted). No statistically 

significant difference in either germination or 

establishment was found as distance from the sprinkler line 

increased. The mortality rate of the pellets after 

germination was low (2.4 percent). Table 6 shows the 
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Figure 7. Germination percentage with time after planting 
(October 1984) 



Table 5. Germination and establishment results of pellets with at 
least one seedling and gravimetric soil moisture (October, 
1984). 

——I- + ——— 1 — —— ——i — —— 

BED 
NO. 

+ 

+ 
DIST. | GERMINATED 
FROM | PELLETS 
SPRINK.| (PERCENT OF VIABLE)* 
LINE -l 1 

(METER)| A/B | C/D | E/F | AVG 

H — ——-4. 

| ESTABLISHED |AVERAGE** 
| PELLETS |GRAVIMETRIC 
| (PERCENT OF VIABLE)* | MOISTURE 
+ + + (g/g) 
| A/B I C/D I E/F I AVG.| 

+ + + + + 
95.0 | 21.0 

I 
92.5 | 20.3 

I 
93.3 | 19.0 

I 
95.8 | 18.3 

I 
98.3 | 17.5 

I 
94.2 | 15.2 

I 
95.0 | 14.0 

I 
89.2 | 10.5 

|94.4 |94.4 |93.8 |94.2 | 15.1 

1 0.5 |97.5 
j 

|97.5 
1 

|97.5 
j 

| 97. 
1 

5 |95.0 |95.0 
j 

|95.0 
1 

2 1.5 |95.0 |95.0 
1 

|95.0 
j 

| 95. 
• 

0 

| 
|95.0 |92.5 

1 

1 
|90.0 
1 

3 2.5 

| 
|95.0 |90.0 

1 
| 100 
1 

1 
| 95. 
• 

0 

| 
|90.0 
j 

1 
190.0 
1 

1 
| 100 
j 

4 3.5 

| 
| 100 | 100 

1 
|97.5 
• 

| 99. 
1 

2 |97.5 197.5 
1 

|92.5 
1 

5 4.5 
1 
| 100 |95.0 

1 
| 100 | 98. 

• 
3 

| 
| 100 

1 

1 
|95.0 
I 

1 
| 100 
1 

6 5.5 
1 
| 100 

1 
|95.0 
i 

| 100 
1 

1 
| 98. 
• 

3 
1 
|97.5 
1 

|92.5 
1 

1 
|92.5 
1 

7 6.5 
1 
|95.0 
j 

1 
| 100 

1 
|95.0 
j 

1 
| 96. 

• 
7 

1 
|92.5 |97.5 

1 

1 
|95.0 
1 

8 7.5 |92.5 |95.0 |87.5 | 91. 7 

| 
|87.5 |95.0 |85.0 

|AVG| |96.9 |95.9 |96.6 |96.5 

* Viability equals 100 percent. 
** Average of ten trials. 

—+ 

I 
— +  



Table 6. Total pelleted seed* germination and establishment results and 
gravimetric soil moisture (October, 1984). 

BED 
NO. 

DIST. 
FROM 

SPRINK. 
LINE +-

1 1 
J L 

(METER) | A/B 
•f—— —-f 

1 1 I 
1 1 

0.5 

| 

|96.7 
1 

1 1 
1 2 | 
| 

1.5 
1 
| 103 
| 

1 I 
1 3 | 
1 1 

2.5 |98.8 
I 

1 1 
1 4 | 
| 1 

3.5 
1 
| 102 
1 

1 1 
1 5 | 
I 1 

4.5 
1 
| 103 
i 

1 1 
1 6 1 
1 t 

5.5 
1 
|98.8 
1 1 1 

1 7 | 
1 1 

6.5 |94.7 
• 

1 1 
1 B | 
J » 

7.5 
1 
|93.6 

| AVG| 
j 

|98.8 

TOTAL PELLETED 
SEED GERMINATED 

(PERCENT OF VIABLE)** 

TOTAL PELLETED 
SEED ESTABLISHED 

(PERCENT OF VIABLE)** 

A/B | C/D | E/F | AVG. 

|  8 8 .  5  | 9 4 . 7  | 9 3 . 3  | 9 3 . 6  |  8 4 .  4  | 9 0 . 5  
i  

|  8 9 .  
I 

5  I  
•  

2 1 . 0  

|  9 2 .  6  | 7 2 . 0  | 8 9 . 2  | 101 |  8 8 .  5  | 6 7 . 9  
1 

|  8 5 .  
•  

1  
8  I  

i 
2 0 . 3  

|  8 3 .  3  | 9 9 . 8  | 9 4 . 0  | 8 0 . 2  
1  
|  8 0 .  
•  

2  
1  
| 9 5 . 7  
1 

|  8 5 .  
j  

1  
4  I  

|  
1 9 . 0  

|  9 6 .  7  | 8 0 . 2  | 9 3 . 0  | 9 9 . 8  
1  
|  9 3 .  

1  
6  | 7 1 . 0  

i  
|  8 8 .  

1  
1  |  

i  
1 8 . 3  

|  9 2 .  6  | 105 | 100 | 102 |  8 7 .  
i  

4  
1  
| 102 
I 

1  
| 9 7 .  
1 

1  
1  |  

•  
1 7 . 5  

|  9 7 .  7  | 9 1 . 6  | 9 6 . 0  | 9 4 . 7  
1  
|  8 8 .  
i 

5  |  7 8 . 2  
•  

1  
|  8 7 .  
|  

1  
1  |  

i  
1 5 . 2  

|  9 8 .  8  | 9 1 . 6  | 9 5 . 0  | 8 9 . 5  
1  
|  8 8 .  
i  

5  | 9 0 . 5  
i  

|  8 9 .  
•  

1  
5  I  

i  
1 4 . 0  

|  9 5 .  7  |  7 0 . 0  | 8 6 . 4  | 8 6 . 4  
1  
|  8 7 .  4  

1  
| 6 8 . 9  

1  
1  8 0 .  

1  
9  I  1 0 . 5  

AVERAGE*** 
GRAVIMETRIC 
MOISTURE 
(g/g) 

>3.2 |88.1 |93.4 |93.4 |87.3 183 -1 |87.9 | 15.1 

* There are three seeds in a pellet. 
** Viability equals 81 percent. 
*** Average of ten trials. 
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germination and establishment results of total pelleted 

seed. No statistically significant difference in either 

germination or establishment was found as distance from the 

sprinkler line increased. The mortality rate of the 

pelleted seeds (5.9 percent) was slightly higher than the 

pellets with at least one seedling. This higher rate was 

well within the relm of acceptance as far as stand 

establishment on a commercial scale was concerned. 

Gravimetric moisture results of the soil surface showed the 

expected trend of decreasing soil moisture with increasing 

distance from the sprinkler line. Visual comparison of the 

germination and establishment results with the gravimetric 

moisture results indicate no relationship exists. 

Although Bed 8 is not statistically different, it 

has the lowest average germination and establishment. Bed 8 

starts a trend of decreasing germination and establishment 

with decreasing soil moisture. A bed beyond Bed 8 would 

have lower soil moisture than did Bed 8. This suggests that 

a bed beyond Bed 8 may exhibit a statistically significant 

decrease in germination and establishment. This aspect was 

tested in the next trial (May, 1985). 

A thinning operation would be necessary to obtain a 

desired plant spacing. Once an establishment percentage for 

a seed lot (or pellets) was determined, it would be possible 

to determine a seeding rate that would result in a minimal 
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amount of seeds and thinning required. The establishment 

percentage would be for seeds that underwent the same 

preparations (eg. pelleting, cleaning, conditioning, etc.) 

and were planted and grown under given environmental 

conditions and management procedures. 

Irrigation water distribution results are shown in 

Table 7. The water distribution test, using cans, did not 

have the expected results. The results should have 

indicated a linear distribution, with the amount of water 

applied decreasing as distance from the sprinkler line 

increases. The measurements taken on Bed 5, Placements C/D 

and E/F, were higher than expected. This can be attributed 

to the observed erratic behavior of the sprinkler between 

these placements. This sprinkler was observed to rotate in 

a nonuniform pattern. This erratic behavior started about 

halfway through this trial (during the establishment stage). 

Most of the can measurements were made during the 

establishment stage. 

Based on the water distribution data, the 

measurements on the amount of irrigation water applied seem 

low. But these low measurements can be attributed to the 

fairly cool weather (average daily temperatures were about 

16 degrees C.) that prevailed during the establishment stage 

(the overnight trial experienced freezing temperatures). 

Since the weather was fairly cool, the amount of irrigation 
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Table 7. Irrigation water distribution (mm/day) for October 
1984. 

H 1 1 + 
|Bed| Avg. of Daily Trials* |Avg. of | 
j NO. + + + + +Overnight | 
| | A/B | C/D | E/F | AVG. |Trial** | 
-i 1 1 1 1_ 
| 1 | 1.9 | 2.5 | 1.9 | 2.1 | 4.2 | 
I I I I I I I 
| 2 | 2.1 | 2.3 | 1.5 | 2.0 | 4.2 | 
I I I I I I I 
| 3 | 1.8 | 2.1 | 1.7 | 1.9 | 4.1 | 

I I I I I I I 
| 4 | 1.9 | 2.1 | 1.2 | 1.7 | 4.2 | 
I I I I I I I 
| 5 | 1.8 | 2.2 | 1.8 | 1.9 | 4.3 | 

I I I I I I I 
| 6 | 1.8 | 1.6 | 1.2 | 1.6 | 4.2 | 

I I I  I  I  I  I  
| 7 | 1.2 | 1.4 | 1.2 | 1.3 | 3.7 | 
I I I I I I I 
| 8 | 0.9 | 0.7 | 0.5 | 0.7 | 2.2 | 
H I — — — 1 — H 
|AVG| 1.7 | 1.9 | 1.4 | 1.7 | 3.9 | 

* Average of eleven trials. Average sprinkler 
operating time = 2.5 hours/day. 

** Results were multiplied by 0.21 to correlate 
with "Average of Daily Trials." Trial 
lasted twelve hours. 

water applied during the establishment stage was only 4.7 

mm/day (compared with a 5.4 mm/day overall average measured 

by the water meter). During the day the sun caused water on 

the funnels to evaporate before it entered the cans, 

therefore, decreasing the amount of water measured. The 

twelve hour overnight trial measured over twice as much 

water as the daily trials. The average overnight value 

(3.9mm/day) was 72 percent of the actual average daily depth 

(5.4mm/day, measured by water meter). The overnight trial 
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results are reported as if the trial had been 2.5 hours long 

(ie. multiplied by 0.21) so that an easy comparison can be 

made with the daily trial results. 

Rainfall was minimal during this planting. The day 

after planting 0.91 inches (23.1 mm) of rain fell. On the 

twenty-fourth day another 0.08 inches (2.0 mm) of rain fell. 

Any effects of this rainfall on the outcome of this planting 

were considered to be negligible due to the small amount of 

rainfall. 

Sprincr Planting - May, 1985 

This planting had no major problems. The results 

showed the expected trends. The thermocouple recorder was 

repaired and working properly. No rain fell during this 

this planting so it was not a factor. 

The germination stage lasted twelve days from the 

day of planting. The establishment stage lasted an 

additional eighteen days (30 days total). Germination, 

establishment, and gravimetric soil moisture results are 

reported in Table 8. The actual germination and 

establishment values were used instead of percent of viable. 

Attempts at obtaining the viability percentage in a 

germinator failed. Attempts were made by using both petri 

plates with paper towels and by planting the seeds directly 

into autoclaved soil. Both methods failed to achieve a 

satisfactory value for the viability percentage. Neither 
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method achieved a value over 45 percent. The field data 

establishment average was higher than 45 percent, and 

indicated a viability percentage of at least 78.5 percent. 

A possible explanation for lack of satisfactory growth in 

the germinator may be the fact that several weeks elasped 

between the time of planting and the time of seed 

conditioning. Some viability may have been lost during this 

time. 

The average establishment percentage (52 percent 

with bed 9 omitted) is considered excellent for commercial 

scale guayule production. This establishment percentage 

would produce an average of 26 plants per linear foot. The 

number of seeds required would be greatly reduced from 1.62 

kg/ha (as used in this trial) to about 0.40 kg/ha (assuming 

1000 seeds per gram, beds one meter apart, one row per bed 

and a plant spacing of one foot). This would give a final 

stand of about 3.3 plants per foot with about 98 percent 

coverage (percentage of field with at least one plant per 

linear foot). 

With increasing distance from the sprinkler line, a 

statistically significant difference in both the germination 

and establishment was found. Bed 9 showed a statistically 

significant lower germination and establishment than the 

other beds. This bed was much dryer than bed 8 in the 

previous planting. Visually, the surface of Bed 8 was wetted 



Table 8. Germination, establishment, and gravimetric moisture results 
(May, 1985). 

+ + + 
DIST. 

BED| FROM 
NO.|SPRINK. 

LINE +-
(METER) 

SEEDS GERMINATED 
(ACTUAL PERCENT) 

A/B | C/D | E/F | AVG. 
+ 

SEEDS ESTABLISHED 
(ACTUAL PERCENT) 

A/B | C/D | E/F | AVG. 
+ 

— -f-
Average*** 
Gravimetric 
Moisture 
(Wt./Wt.) 

1 1 

in o
 | 52. 

1 
0 •

 

in 

0 | 53. 
1 

5 | 54. 
1 

2 

CO ** 

0 | 51. 
1 

5 |50. 
1 

0 I 
1 

2 | 1.5 
1 
| 66. 
1 

0 | 69. 
j 

0 | 63. 
1 

0 
1 
| 66. 
1 

0 62. 0 
1 
| 54. 
1 

5 
1 
|60. 
1 

0 I 
1 

3 I 2.5 | 50. 
i 

0 | 70. 
1 

0 | 64. 
1 

5 |61. 
1 

5 41. 5 
1 
| 60. 
1 

5 
I 
|56. 
1 

5 I 
1 

4 I 3.5 
1 
| 51-
I 

0 | 60. 
1 

0 
1 
| 78. 

t 
5 

1 
| 63. 
1 

2 44. 5 
1 
| 55. 

1 
0 |68. 

1 
5 I 

1 
5 i 

i 
4.5 

1 
|53. 
1 

5 
1 
| 53. 5 

1 
|71. 
i 

5 
I 
|59. 
| 

5 45. 0 
1 
| 51. 
j 

0 
1 
167. 
j 

5 I 
1 

6 I 
• 

5.5 | 53. 
• 

0 | 65. 
1 

0 
1 
|71. 
• 

5 |63. 
I 

2 42. 5 | 58. 
| 

5 | 66. 
1 

0 I 
1 

7 I 
• 

in ID 1 
| 37. 
• 

0 
1 
| 65. 
1 

0 
1 
| 62. 
i 

0 
1 
| 54. 7 32. 0 

1 
| 51. 

1 
5 

1 
| 57. 

1 
0 | 

1 
8 I 

< 

in 

| 47. 0 
1 
| 43. 0 

1 
| 56. 
i 

0 
1 
| 48. 
1 

7 38. 0 
1 
| 41. 
1 

0 147. 
1 

5 I 
1 

9 1 8.5 
1 
113. 0 

1 
117. 0 

1 
1 B. 5 to

 

8* 12. 0 
1 
1 9. 5 

1 
1 6. 5 I 

49.8 

58.8 

52.8 

56.0 

54.5 

55.7 

46.8 

42.2 

9.3* 

23.2 

23.0 

22.5 

2 2 . 0  

20.9 

18.7 

15.4 

. 9.3 

5.1 

|AVG| |46.9 |55.5 |58.8 153.8 |40.6 |48.1 |53.3 |47.3 | 17.8 

* Significantly different at the p= 0.01 level (Newman-Keul test). 
** Average of ten trials. 

—+ 

I 
— +  
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about half of the time and the surface of Bed 9 was seldom 

wetted for more than several minutes. The data suggest that 

for satisfactory establishment of guayule using sprinkler 

irrigation, the soil surface needs to have a minimum average 

gravimetric moisture content between 5.1 and 9.3 percent 

(for a sandy loam). The best establishment results 

occurred at or slightly above field capacity (17.5 percent). 

Irrigation water distribution results (can test) are 

recorded in Table 9. The water distribution pattern showed 

the expected inverse relationship between water application 

and distance from the sprinkler line. Figure 8 shows a plot 

of the overall average of the daily trials. The daily 

trials measured 63 percent of the average daily water 

application as measured by the water meter (13.7 mm/day, 410 

mm/day). The overnight trial measured 81 percent of the 

water meter measurement. The overnight trial was run twice 

as long as the daily trials. The results were multiplied by 

a factor of 0.50 so that an easy comparison can be made with 

the average daily results. The average gravimetric moisture 

shows the expected trend (decreasing moisture with 

2 
increasing distance). The equation: Y = 24.93 - 0.2525X 

(where X is the distance from the sprinkler line in meters 

and Y is the percent moisture; R = -0.9829) can be used to 

estimate the value of percent moisture in this trial at any 

distance up to about 9 meters. 
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Table 9. Irrigation water distribution (mm/day) for May, 
1985. 

-I ^ — ——i 1-
Bed| Avg. of Daily Trials* |Avg. of 
NO. + + + + +Over night 

| A/B | C/D | E/F | AVG. |Trial** 

1 15.1 | 15.1 
1 

| 12.5 
1 

1 14.2 | 
I 1 

15.3 

2 14.1 | 13.7 
j 

| 10.3 
1 1 
1 12.7 | 
1 1 

14.2 

3 13.1 | 12.3 
1 

| 10.0 
1 

I 1 
1 11.8 | 
1 1 

13.8 

4 11.5 | 10.0 
| 

| 8.8 
1 1 
1 IO.I | 
1 I 

12.0 

5 9.9 | 8.8 
1 
| 7.5 
j 

1 1 
1 8.7 | 
1 I 

11.1 

6 8.3 | 7.5 | 6.3 
1 1 
1 7.4 | 
1 1 

10.1 

7 6.6 
1 
| 6.1 
1 

1 
| 5.3 

1 

1 I 
1 6.0 | 
1 1 

8.8 

8 4.5 
1 
| 3.5 

1 
| 3.9 
i 

1 1 
1 4.0 | 
| I 

7.2 

9 2.9 | 2.7 
1 
| 2.5 

1 1 
1 2.7 | 4.0 

|AVG| 9.6 | 8.9 | 7.5 | 8.6 | 10.6 

* Average of twelve trials. Average sprinkler operating 
time = 3.5 hours/day. 

** Results were multiplied by 0.50 to correlate with 
"Average of Daily Trials." Trial lasted seven hours. 
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AVERAGE 
DEPTH 
APPLIED 
PER DAY 
(mm/day) 

I 
14.2 + * 

I y= 15.13 - 1.445x 
I 
| * r= -0.9984 

I 
1 1 . 8  +  *  

A 

A 

9.4 + 
I 
I 
I 
I 

7.0 + 

I 
I 
I 
I 

4.6 + 

I 
I * 

2.2  +-+  -+  +  +  +  +  +  +  +-
.55 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 

DISTANCE FROM SPRINKLER LINE (meters) 

Figure 8. Water application rate with distance from 
sprinkler line (May, 1985). 
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Thermocouple temperature results are recorded in 

Table 10. The average daily temperatures for Bed 1 are 

plotted in Figure 9 showing a typical daily temperature 

cycle. The data in Table 10 show that the minimum 

temperatures were all above the inhibitory low temperature 

of 10 degrees C. No statistically significant difference 

was found with the minimum moist soil temperatures 

(thermocouple placement in beds 1 through 9) as distance 

from the sprinkler line increased. Moist soil had lower 

minimum temperatures than either air or dry soil indicating 

the expected cooling affect of soil moisture. Maximum 

temperatures which showed statistically significant 

differences were found to increase with decreasing soil 

moisture in a curvilinear manner. The higher temperatures 

associated with the outermost beds (Beds 8 and 9) were high 

enough to inhibit germination and lower establishment. 

These high temperatures may have been a contributing factor 

in the lower germination and establishment percentages 

associated with the outermost beds. 

Figure 10 shows the relationship between seed 

germination and gravimetric moisture. Figure 11 shows the 

relationship between seed germination and soil temperature. 

Both plots show a curvilinear relationship. 

Table 11 shows a summary of water application, 

temperatures, and potential evapotranspiration (PET) for all 
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Table 10. Twenty-eight day average maximum and minimum 
temperatures for each thermocouple placement 
(May, 1985). 

THERMOCOUPLE 
PLACEMENT 

MAXIMUM 
TEMPERATURES 
(DEGREES C.) 

MINIMUM 
TEMPERATURES 
(DEGREES C.) 

Bed 1 32.4 11.8 

Bed 2 32.4 12.0 

Bed 3 32.9 11.8 

Bed 4 33.0 12.3 

Bed 5 33.1 •
 

CO
 

Bed 6 33.4 11.4 

Bed 7 34.0 11.4 

Bed 8 36.0 11.4 

Bed 9 39.2 11.4 

Air 35.2 15.1 

Dry Soil 58.1 15.8 

LSD. * 0.9 0.8 

* LSD = Least significant difference (p = 0.05) 
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36.0 + 

I 
I 

T | A A 
E 32.0+ A 
M | 
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R  2 8 . 0  +  .  
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R 24.0 + 
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D | 
E 20.0 + 
G | A 
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E 16.0 + 
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I * 
C. I A 
12.0 + A 

12:00 3:00 6:00 9:00 12:00 3:00 6:00 9:00 12:00 
Mid- Noon 

Night 

TIME OF DAY 

Figure 9. Average daily temperature cycle for Bed 1 (May 
1985) 
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Figure 10. Germination percentage with gravimetric moisture 
(May 1985). 
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Figure 11. Germination percentage with maximum soil 
temperatures (May 1985). 
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Table 11. Summary of water application, temperatures, and 
Potential Evapotranspiration (PET) for all the 
trials. 

| | |water applied | air temperature | | 
| | trial + + + pet | 
i | leng: 
i trial i 

|June 1984| 27 | 23.5 

I I 
|Oct. 1984| 30 | 

I I 
|May 1985 | 30 

Daily 

(mm/day) 

Total|Maximum 
|(Degrees 

(mm)| C) 

Minimum 
(Degrees 

C) 

23.5 635 | 37.0 
j 

16.3 

13. 7* 329*| 37.9 24.3 

6.2 

| 
187 | NA NA 

13.7 

| 
410 | 35.2 15.1 

8 . 6  |  
I 

7.9 | 
I 

I 4.0 | 
I 

7.8 | 

* Value does not include 63mm of rainfall 
NA Thermocouple data not available 
PET = 0.60 x evaporation pan. 

the trials. This table can be used to determine the 

effectiveness of sprinkler irrigation compared to drip 

irrigation. The preliminary drip irrigation trial (June 

1984) used a total of 635 mm of water over a period of 27 

days. The final sprinkler trial (May 1985), which has 

climatic conditions similar to the June 1984 trial, used 

only 410mm over a period of 30 days. Drip irrigation used 

55 percent more water in 90 percent of the time and had only 

about half the establishment rate of sprinkler irrigation. 

The potential evapotranspiration (PET) present with the drip 

trial was only 10.3 percent higher than the May 1985 

sprinkler trial. 



CONCLUSION 

Sprinkler irrigation produced, excellent stands of 

guayule. An establishment percentage of 52 percent (with 

outermost bed omitted) was obtained. This is about double 

the establishment percentage obtained under other types of 

irrigation systems. Drip irrigation trials completed by 

Abrahams (1984), using the same seed variety, achieved only 

25.3 percent establishment. A preliminary trial using drip 

irrigation (June, 1984) confirmed Abrahams results. 

Sprinkler irrigation uses less water to establish guayule 

than drip irrigation. 

The results show that only 13.7 mm/day (0.54 inches) 

of irrigation water for the first 30 days (410 mm or 16.2 

inches total) was needed to attain the highest establishment 

percentage (the average potential evapotranspiration for the 

month of May was 7.8 mm/day). The best establishment 

results were obtained when the soil surface moisture content 

was at or slightly above field capacity. When the average 

moisture content of the soil surface was below 9.3 percent 

the establishment percent decreased significantly. High 

temperatures from 32.4 to 36.0 degrees C. did not seem to 

significantly inhibit establishment as long as sufficient 

soil water was available. 

57 
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A sprinkler spacing of 15 feet instead of the 

conventional 30 feet, increased the uniformity of the water 

distribution. However, on a commercial scale, with 

overlapping sprinklers on all sides, a 30 foot sprinkler 

spacing should be sufficient for attaining a good guayule 

stand with a minimum of seed or irrigation. 

Pelleted seed is easy to handle and can have a very 

high establishment rate. But, depending on cost factors, 

pelleted seed may not be economically feasible since good 

results can be attained using non-pelleted seed. 

With no statistically significant difference in 

either germination or establishment as distance from the 

sprinkler line increases, establishing a good stand of 

guayule using overlapping sprinkler systems, can be done 

with application of a minimum amount of irrigation water. 

Enough water to just keep the surface of the soil visibly 

moist, most of the time, is needed to establish a good stand 

of guayule. 
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