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ABSTRACT 

Field trials were conducted in Tucson, Arizona to 

evaluate the effects of certain aspects of water and crop 

management on germination and stand establishment of directly 

seeded guayule (Parthenium argentatum), using drip irrigation. 

In a study in May, 1983, seed cover and seed place

ment were the principle experimental variables, under three 

irrigation frequencies and two water levels. Vermiculite 

covered seed plots had significantly more germination than 

the non-covered plots. Germination was higher in seed rows 

placed at 4 cm from the drip line than at 9 cm. 

In a study in October, 1983, irrigation frequency, 

irrigation water level, and seed placement were analyzed for 

their effect on stands during germination and post-emergence 

phases of growth. Significant differences were found as a 

result of seed placement and it's interaction with 

irrigation water level. Highest stands occurred under the 

low water level treatment, with seeds placed at a distance 

of 5 cm from the drip line. 

viii 



INTRODUCTION 

Guayule(Parthenium argentatum, Gray) is a perennial 

desert shrub, native to the Big Bend region of southern 

Texas and northern Mexico. It produces a latex from which 

crude natural rubber can be obtained, and consequently has 

been of commercial interest. 

Three alternative methods, available for establishing 

field stands of guayule are propagation of transplants under 

greenhouse conditions and under field nursery conditions, 

and direct seeding in the field. Transplanting of seedlings 

in the first two methods has been relatively successful, but 

economically costly and questionable as to large scale com

mercial applications, potentially, direct seeding opera

tions might be economically feasible if satisfactory stands 

could be obtained. However, research investigations have 

encountered serious problems in obtaining directly seeded 

guayule stands (Hammond and Polhamus, 1965). This is due to 

the difficulty in establishing and maintaining favorable 

conditions, necessary for germination and initial growth of 

guayule seedlings, which require a certain microclimatologi-

cal environment. This includes high moisture content, opti

mum air and soil temperatures, and adequate aeration. A 

number of other factors also have considerable influence and 
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should be properly addressed. Guayule seed/ being small, is 

highly sensitive to depth of covering, and must be on or 

located close to the soil surface. It has also been found 

to be salt sensitive, particularly during emergence, thus 

requiring non-saline conditions in the seeding zone 

(Miyamoto et al., 1984). Succesful establishment of field 

stands depends primarily on the degree to which these con

ditions can be maintained throughout the early stage of 

growth. 

One of the major problems encountered has been water 

control. Furrow irrigation has been the principle method 

used in direct seeding trials, requiring high application 

amounts and frequencies throughout most of the pre-

establishment period. Problems of seed-bed erosion, 

flooding, or inadequate wetting, have arisen. Thus, relati

vely high water use and lack of sufficient water control for 

a highly sensitive operation would lessen the applicability 

of furrow irrigation in commercial establishment of directly 

seeded guayule. 

Sprinkler systems offer a better alternative of irri

gation control. Lower water use and better application uni

formity in the soil surface layer are the main advantages of 

this method. It's primary drawbacks in direct seeding 

operations are possible seed splash and leaf burn, when 

saline water is used. Winds limit their use especially 

during daylight hours, when drying of the soil surface is 
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most likely to occur. For this reason, in some situations, 

sprinklers might have to be supplemented with another irri

gation system in order to fulfill moisture requirements. 

Although installation is expensive, drip irrigation 

has advantages that may indicate high applicability in direct 

seeding . Using this method, there is a high level of water 

control in application and frequency, resulting in good 

wetting uniformity and lower water use than with other 

available irrigation methods. Furthermore, it may be 

possible to remain as the principle method of irrigation 

throughout the desired production cycle. 

A field study has been undertaken with the following 

objectives: 

1. To determine optimum moisture conditions for 

establishment of directly seeded guayule stands, using drip 

irrigation. 

2. To determine optimum seed placement from the drip 

line. 

3. to evaluate the effect of vermiculite cover on 

germination. 



LITERATURE REVIEW 

Initial investigation into various aspects of direct 

seeding of guayule were included in the Emergency Rubber 

Project (ERP) during World War II. The forest Service, was 

designated as the departmental agency, responsible for admin

istering the program, initiating various production activi

ties and coordinating related research activities of 

agencies involved in the project. 

It released a summary report (Taylor, 1946), covering 

empirical observations and experiences of Forest Service 

personnel, as well as research performed by the other 

bureaus. A more comprehensive report was later released by 

the Agricultural Research Service, covering guayule related 

research activities till 1959(Hammond and Polhamus, 1965), 

at which time, organized research on guayule was discon

tinued until the 1970*s. 

In studies conducted on direct seeding, a number of 

factors were found to be critical for germination and 

establishment of field stands. 

4 
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Critical Factors in Germination 
and Stand Establishment 

Soil Moisture 

Numerous studies were conducted to determine the 

effect of soil moisture content on germination and 

establishment of guayule stands, while in others, this fac

tor was dealt with, indirectly, as part of investigations of 

other variables. In all reported direct seeding trials in 

the ERP and up to the late 1950's, furrow irrigation was the 

primary method of water application. Nursuries used overhead 

sprinkler systems to establish stands, but little documented 

research was done to determine it's effect on germination as 

compared with furrow irrigation. 

Experimental findings have strongly indicated the 

need for high moisture content in the surface soil layer, 

throughout the germination period, using the furrow irriga

tion method. 

In fall and spring direct seeding trials by 

Hansen{1944) near Bakersfield, California, good stands were 

obtainable only with a preirrigation and daily irrigations 

from sowing to emergence. 

A series of plantings were made during October, just 

north of Indio, California (Haise, 1945). Except for the 

last planting at the end of the month, good stands were 

obtained. In all plantings, there was an initial pre-
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irrigation, and another shortly after seeding. Throughout 

the germination period, it was necessary to irrigate every 

other day to maintain adequate surface moisture. 

A principle objective in direct seeding trials that 

Tingey (1943, 1945a, 1945b) performed in Salinas, California 

was to study the effect of frequency of irrigation on 

seedling emergence. He determined the minimum moisture per

centage of field soil at which guayule seed would germinate 

when placed in a humidity chamber under saturated 

atmospheric conditions. In field experiments, average 

moisture in the top inch of soil was maintained above the 

predetermined minimum moisture level for germination, in 

four irrigation treatments. The highest water level was a 

daily irrigation throughout the emergence period, and the 

lowest included only three irrigations. Emergence percen

tage over a two week period clearly indicated a significant 

difference in favor of daily irrigations, while only minor 

differences were evident over the range of the three lower 

moisture levels. Tingey also found that there was no 

increase in emergence, when pregerminated seed was sown on 

preirrigated soils as compared with dry soil conditions. 

Results did indicate slightly better emergence with seeding 

on moist soil when dry seed was used, although this was not 

considered conclusive. 

Hilgeman (1946) investigated various aspects of direct 

seeding in the Salt River Valley of Arizona. One of his 
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experiments was designed to compare different methods of 

planting and proper irrigation practices after emergence. 

Seed placement treatments included various arrangements of 

seed rows across the bed. All plots were uniformly irri

gated to maintain adequate surface moisture until the 

emergence phase was considered mostly over. Two irrigation 

frequencies were then introduced. In the dry treatments, 

the top 4 cm of soil became very dry and a hard crust 

formed. The wet treatments were irrigated whenever the top 

1.25 cm of soil became dry. Results clearly indicated 

reduced emergence in seed rows closer to the center of bed. 

This was considered attributable to lack of water contact 

with seeds for an extended period and/or possibly salt accu

mulation near the bed center. Observations made after the 

emergence period showed seedlings in the dry plots under 

no visual moisture stress and in the wet plots no cases of 

damping off were reported. In successive weeks, there were 

significant reductions in stands in both irrigation treat-

mens, though they were greater in the dry plots. No expla

nation was given for the lower stands. It was noted that 

plant roots were at 15-20 cm depth, when irrigation treat

ments were started. 

Overhead sprinkler systems were successfully used in 

nursuries in California and Arizona to establish stands. 

Nursureymen reported that it was necessary to irrigate 
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three or more times daily for 5-10 minute periods, in order 

to insure high moisture during the germination period, but 

without creating ponding conditions on seed beds. Irrigation 

frequency was decreased, once seedlings reached a rooting 

depth of 8-10 cm.. In a number of cases, where sprinkler 

systems operated at lower pressures, producing large 

droplets, sand splash injury to cotyledon leaves occurred 

on a large scale. Sprinkling then had to be withheld until 

primary leaves appeared. The resulting dryness caused the 

loss of late emerging seedlings, with undeveloped root 

systems. 

Attempts in direct seeding of guayule under dryland 

conditions were mostly unsuccessful. In dryland trials in 

Salinas, California (Davis, 1945b), poor stands were attri

buted to low temperatures during the rainy season, and 

insufficient rainfall when optimum germination temperatures 

prevailed. In southern Texas, direct seeding without irri

gation produced only erratic results and, in most cases, 

there was poor emergence (Cowley, 1945c). Again, climatic 

conditions presented an obstacle, with unfavorably high tem

peratures for stand establishment during the rainy season 

and low rainfall, when temperatures were favorable. 

Salinity Level 

The salinity level in the seeding zone is determined 

by the soil moisture content and, to a greater degree, by 
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water movement in the seeding zone. Increasingly high salt 

concentrations can cause a serious reduction in seedling 

emergence. 

Evidence to this effect was previously mentioned in 

Hilgeman's report (1946), indicating reduced emergence in 

seed rows closer to the center of the bed. This was con

firmed by Davis (1945a) in a study of seedling emergence as 

influenced by sowing location and type of bed. In one of 

his field experiments in Anthony, New Mexico, conducted on 

medium to heavy alkaline soils, seeding was performed in 

multiple rows on wide, flat beds. In another bed treatment, 

seeds were placed on ledges (one row/ledge), formed on the 

side slopes of different size beds. The beds were shaped so 

that the slopes rose to a ridge at the center, which was 

thought to act as a wick for accumulation salts. One light 

and one heavy irrigation treatment were planned, but heavy 

precipitation on one day during the emergence period made it 

impractical, since all the plots were resaturated. Results 

showed satisfactory emergence on ledges in the most alkaline 

plots and was significantly higher than on flat bed plots. 

On those, the outer rows had higher emergence, possibly due 

to a reduction in salt concentration by water movement 

inward. 

The above experimental results indicate that 

reducing salinity levels by water movement out of the 
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seeding zone, significantly contributes to creating 

favorable conditions for seedling emergence. 

In recent direct seeding trials, conducted under 

laboratory, greenhouse, and field conditions, it was clearly 

demonstrated that germination, emergence, and survival per

centages significantly decreased with increasing salinity 

levels (Miyamoto et al., 1984). The salt concentration, at 

which these percentages were reduced, varied with seed 

selection. 

In the field part of the study, plots consisted of M-

shaped beds, in which water of different salinity levels, 

was applied to the center dip in the beds. A moist soil 

surface was maintained throughout the experiment. Very high 

salinity levels in the top 1 cm. of surface soil were 

reported where salt had accumulated in the shoulder portion 

of the M-shaped beds and eventually formed a layer of salt 

crust. Low salt concentrations were measured in the inner 

portion of beds. Field data seemed to indicate that sali

nity of irrigation water above 1 mmho/cm. would potentially 

be detrimental to establishment of field stands. Also, salt 

sensitivity was found to be generally higher during the 

post-emergence phase than during germination. This was 

indicated by significant reductions in stands under 

increasing salinity levels. 
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Air and Soil Temperature 

Germination o£ guayule has been reported to occur, in 

the air temperature range of 10°C to 43°C, if the minimum 

and maximum temperatures prevail for only limited periods 

(Taylor, 1946). Also, it has generally been observed that 

the rate of germination as well as total emergence begins to 

decline when night air temperatures fail below 16°C, and 

that germination becomes inhibited when temperatures fall 

below 10°C, despite favorable daytime temperatures. Surpri

singly, winter trials in the Salt River Valley (Hilgeman, 

1944, 1945) resulted in slightly more than 10% emergence 

when the mean minimum air temperature was 3°C. Twice that 

percentage resulted in early spring when the mean minimum 

was 5°C. It was noted that emergence during the winter con

tinued over a 50-60 day period. In an experiment to deter

mine the effect of planting date (Hilgeman, 1946), direct 

seeding trials were performed in April, May, and June with 

mean air temperatures of 13, 21, and 28°C, respectively. 

Good stands were obtained in all cases. 

In a comparison emergence study (Taylor and Sleeth, 

1943), of threshed dry, unthreshed dry and unthreshed pre-

germinated guayule seed, dry threshed seed seemed to be less 

influenced by unfavorably low temperatures. Two seedings 

were performed, during which minimum temperatures fell well 

below 10°C during the first planting and remained above that 
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level throughout the following one. Results in the first 

planting indicated highest and most rapid germination with 

dry threshed seed. The second planting of dry threshed 

seed was as rapid and nearly as high as with the unthreshed 

pregerminated seed. Germination was poorest with dry, 

unthreshed seed during both plantings. 

Tingey (1943, 1945a, 1945b) obtained good stands 

during the summer in Salinas, California when the average 

minimum and maximum air temperatures were 12 and 22°C, 

respectively. Cowley (1945b) seeded in the Lower Rio Grande 

Valley of Texas, in the late spring, when maximum tem

peratures reached 34-35°C and had good stands. In a fall 

planting in Indio, California (Haise, 1945), satisfactory 

stands were obtained when temperatures reached 43°C. 

A similar range, favorable to germination was 

observed for soil temperatures. Davis (1944) concluded from 

his direct seeding experiments, that soil temperature limits 

for satisfactory stands, ranged from a maximum of 34-38°C to 

a minimum of 7-10°C, with best results at maxima of 27-29°C 

and minima of 10-16°C. 

In his fall planting, Haise (1945) obtained satisfac

tory stands, when soil temperatures reached as high as air 

temperatures (43°C), though for limited periods. However, 

he attributed poor stands in plantings later in the season to 

minimum soil temperatures below 10°C. 
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Seeding Depth 

Guayule seed was found to be extremely sensitive to 

depth of sowing, possibly because of small seed size, or 

high aeration requirement. A number of studies were per

formed to determine the effect of seeding at various depths 

on seedling emergence. 

Tingey (1943) obtained highest emergence with seed 

sown at 0.6 cm depth, and decreased significantly at 1.6 and 

1.9 cm depths, all lots with a loose soil cover. This study 

involved four seed treatments at the above sowing depths 

using two irrigation frequencies. The higher irrigation 

level gave much greater emergence in each seed treatment at 

the 0.6 cm depth, indicating an interaction between depth of 

seeding and frequency of irrigation. 

In a late set of experiments (Tingey, 1945b), only 

minor differences were reported in emergence of preger-

minated seed at 0.6 and 1.3 cm depths. Results indicated 

that emergence was not reduced in plots where the loose soil 

cover was slightly pressed down by the seeder. 

Hunter (1949) obtained acceptable stands when he 

planted between 0.6 to 1.3 cm depth. Both Hilgeman (1946) 

and Cowley (1945a) obtained good stands in direct seeding at 

a seeding depth of 0.3 to 0.6 cm. 

Results from all these experiments seem to indicate 

that potentially good stands can be achieved at sowing 
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depths, not exceeding 1.3 cm. However, a gradual decrease 

in emergence may occur below the 0.6 cm level. This was 

confirmed in a recent greenhouse study (Nagvi and Hansen, 

1980), in which emergence percentages of threshed NaOCl 

treated seeds, significantly decreased with seeding depths 

of approximately 0.6, 1.3, and 1.9 cm. They also decreased 

with decreasing seed size, indicating an interaction between 

the two factors. 

Soil Type 

Soil type along with appropriate cultivation and 

irrigation practices, are determining factors in producing a 

suitable seed-bed. In a soil survey in California (Vessel, 

1943), soils of coarse to medium texture, that were loose, 

permeable and well-drained, were classified as desirable for 

growing guayule. Soils of fine texture or containing large 

amounts of gravel, and that were less permeable and had more 

compact sub-soils, were considered of a less suitable nature. 

The study dealt with soil type suitability for established 

stands, which might not be the same for emergence of 

directly seeded guayule. Soil type in the coarse range 

would normally have good drainage properties, but their low 

water storage potential could cause difficulty in main

taining adequate moisture in the top surface layer of the 

seed bed. Seedling mortality will be largely determined by 

the occurrence of flooding or drying of seed beds. Flooding 
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would be more likely to occur on soils with low infiltration 

properties, and dry conditions on highly permeable soils. 

Irrigation and cultivation practices would be important fac

tors in determining suitability of a particular soil, prin

cipally by means of effective water control and procedures 

for improving structural quality of seed beds. 

Tingey (1943, 1945a, 1945b) conducted his studies on 

loam soils, which tended to harden when dry. However, with 

proper cultivation procedures, good seed beds were formed. 

Hilgeman's experiments (1946) in the Salt River Valley were 

made on clay loam soils, but it was reported that problems 

of tilth in seed-bed preparation and crusting during 

emergence were not significant impediments for stand 

establishment. 

Hansen (1944) conducted trials on sandy loam and fine 

sandy loam soils. Emergence was obtained on both soil types, 

but poor stands were obtained on the lightest soils, 

apparently because of difficulties in maintaining sufficient 

moisture levels. 

Davis (1944, 1945c) performed direct seeding experi

ments on desert sands near Yuma, Arizona. He encountered 

serious difficulties in applying water without eroding or 

flooding seed-beds. Even during the optimum seasons of the 

year, only satisfactory stands were obtained. 
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It should be mentioned that soil type could be of con

siderable importance during periods of heavy or intense 

rainfall. Flooding and erosion of seed-beds would be more 

likely to occur on soils with poor structure and low 

infiltration properties. 

Seed Condition and Quality 

Numerous studies, investigating the effect of dif

ferent variables in direct seeding, have clearly shown that 

the condition of the seed can have considerable bearing on 

germination results. Condition of seed can be described in 

terms of level of cleaning (threshed or unthreshed), age 

from time of harvest, treatment for dormancy, and prepara

tion for seeding (pregerminating seed). 

In studies using threshed and unthreshed dry seed, it 

was clearly shown that threshed seed has much better ger

mination under a variety of conditions (Taylor and Sleeth, 

1943; Tingey, 1943). It was also demonstrated that preger-

mination of unthreshed seed vastly improves germination and, 

in many cases, results in higher emergence percentages, when 

compared with threshed dry seed. This was later confirmed 

by Tingey (1945a, 1945b). Rate of emergence was generally 

found to be much lower for unthreshed dry than for 

unthreshed pregerminated and threshed dry seed. 
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Studies have shown that seed dormancy disappears with 

time and eventually ceases to be an influencing factor in 

seed germination (Benedict, 1944; Taylor, 1944). It was 

also demonstrated that threshing and treatment of seed with 

sodium hypochlorite solution (NaOCl) will greatly accelerate 

the process. 

Seed quality, expressed in terms of percentage of 

filled seed, can have a significant effect on germination 

and emergence percentages. It was reported to be influenced 

by a number of factors, such as genetic irregularities of 

reproductive processes, time of seed harvest, in relation to 

growing season and soil moisture level, and prevailing air 

temperatures during the seed production stage (Taylor, 

1946). 

Trickle Irrigation in Direct Seeding 

Trickle irrigation has been noted for a number of 

advantages when compared with other conventional methods. 

The high degree of water control, obtained with trickle 

irrigation, has resulted in considerable reductions in water 

use. When trickle and furrow irrigation methods were eva

luated for growing lettuce using non-saline water (Oebker et 

al., 1971), it was reported that considerably less water was 

required to produce a satisfactory crop with the trickle 

system. In a comparison study of drip, sprinkler, and 

furrow irrigation during the bell pepper growing season, 
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water use for maximum yields with the trickle method, was 

found to be one third of that needed for furrow and 

sprinkler irrigation (Bernstein and Francois, 1973). Most 

of the saving occurred during the first half of the season. 

In another experiment in this study, the same irrigation 

amount was applied by all three methods. Furrow and 

sprinkler plots were reported to be under-irrigated, while 

water was in excess in the drip plots. 

Another important attribute of trickle irrigation is 

that it can be effectively used, with saline irrigation 

water on saline soils. Shmueli and Goldberg (1971a,b; 

Goldberg and Shmueli,1971) performed a series of field 

experiments on a naturally saline sandy soil, using saline 

irrigation water. In one comparative study (Shmueli and 

Goldberg, 1971a) of sprinkler, furrow, and trickle 

irrigation, identical irrigation frequencies and amounts 

were used for all three methods during the growing season of 

muskmelon. It was reported that more vegetative growth 

occurred and earlier and higher yields resulted with trickle 

irrigation. In another study (1971b), emergence, early 

growth and salt buildup in soil and leaves were evaluated in 

five vegetable crops, germinated by trickle and sprinkler 

irrigation. In trickle irrigated plots of cucumber, tomatoe 

and bell pepper, the time of emergence was shortened and a 

more uniform stand was produced. Muskmelon and onion 

responded in a similar manner to both methods. Also, 
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seedlings developed normally and satisfactory final stands 

resulted with both methods for all crops. Bernstein and 

Francois (1973), in their study with bell peppers, also 

found that trickle irrigation had a considerable advantage, 

when saline irrigation water was used. Reductions in yields 

were significantly higher with sprinkler and furrow methods, 

but were considerably less when low salinity water was 

used. 

In these and other studies evaluating trickle irriga

tion under saline conditions, salts were found to be leached 

from seeding zones, accumulating between emitters and edges 

of the wetting front, thereby creating favorable conditions 

for germination and seedling growth. However, it is impor

tant that the location of the crop row be within the wetting 

strip, which can be observed visually on the soil surface. 

In a field study, performed to evaluate the effect of plant 

row distance from the trickle line (Goldberg and Shmueli, 

1971), no differences were reported in vegetative growth at 

distances of 0-35 cm from the line. At 50 cm, the growth 

rate was reduced and the soil water tension was noticeably 

higher. Oebker (1971) found that orientation of drip lines 

and crop rows is important with respect to salt accumula

tion, even when non-saline water is used. Lettuce stands 

were considerably reduced in the middle row of a two line-
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five row combination of trickle irrigated plots, because of 

high salt accumulation. 

Frequency of irrigation would be a critical factor in 

direct seeding of guayule, since a high moisture level is 

necessary at the soil surface throughout the germination and 

early emergence phases. Earl and Jury (1977) found that 

there was more lateral water movement from emitters with 

weekly than with daily irrigations, under the same water 

(volume) level and application rate. However, weekly irri

gations produced more instances of surface ponding, a con

dition, potentially detrimental in the case of directly 

seeded guayule, as it would create anaerobic conditions in 

the seeding zone, and possibly lead to plant disease. In a 

study, evaluating the effect of different irrigation fre

quencies on various crops (Goldberg and Shmueli, 1970), a 

reduction in yields was reported for all crops with 

increasing intervals between irrigations. The highest 

yields resulted with daily applications. 

Although trickle irrigation has yet to be 

demonstrated as a feasible method for establishing field 

stands of directly seeded guayule, research studies, such as 

those just cited, have clearly shown important advantages 

that this irrigation method might have in such operations, 

as compared with alternative methods of sprinkler and furrow 

irrigation. 



GENERAL MATERIALS AND METHODS 

The Location 

Direct seeding trials were conducted in the fall of 

1982r and spring and fall of 1983, on the University of Ari

zona Campus Agricultural Center in Tucson. The predominant 

soil type on the farm was classified as a very fine sandy 

loam in the first 60 cm after which the profile becomes a 

gravelly texture. Irrigation water, supplied from farm 

wells, was considered to be of high quality (soluble salt 

concentration = 250 ppm). 

Tucson lies roughly at an elevation of 730 m, and has 

an arid to semi-arid climate, characterized by low annual 

precipitation (250 mm.). Roughly half of the rainfall 

occurs during the summer months, mostly as late afternoon or 

early evening thundershowers. These could cause signifi

cant erosion of seed beds and create unfavorable conditions 

for emergence of guayule seed, which is highly sensitive to 

seeding depth and of low seed vigor, compared with other 

arid plant species. Scant rainfall occurs during the early 

fall and late spring, and the rest in the winter months is 

of low intensity and long duration. 

Air temperatures from June to mid-September commonly 

rise above 38°C, but periods of extreme heat prevail for 
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only a few hours. Winters are mild with early morning tem

peratures generally above freezing. However, minimum tem

peratures have occasionally been reported as low as minus 

9°C in late fall or early spring. 

Preliminary Fall Planting - October, 1982 

A small scale preliminary trial was conducted in 

October, 1982 to help determine experimental methods to be 

used in the direct seeding studies planned for the following 

spring and fall, as well as to clarify experimental 

variables that would be evaluated. 

Bi-wall drip tape (30 cm orifice spacing) was 

installed on the center of two 100 cm spaced seed beds. On 

one bed, it was placed on the surface. On the other bed, it 

was manually buried approximately 8 cm deep. Seed (Variety 

11592) was manually spread on the surface of both beds at a 

seeding rate of 50 seeds per linear 30 cm. Bach seed plot 

contained one row at a distance of 5 cm from the line. Half 

of the seed plots were covered with a thin layer of ver-

micullite and the others left exposed. Covered and non-

covered plots were replicated six times on each bed. 

Climatological observations during the trial included 

air temperature and precipitation recorded at the farm 

weather station. Soil temperatures were monitored with a 

thermograph at 8 cm depth, and daily minimum soil tem

perature readings were recorded at sunrise, using mercury 
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thermometers placed at 1-2 cm depth within seed plots. Soil 

moisture was monitored visually and by using tensiometers 

installed at 3-6 cm depth, adjacent to seed plots. Diazonon 

granules were spread around the beds immediately after 

seeding and periodically thereafter for ant control. 

Seed beds were completely wetted by a preirrigation, 

prior to seeding. Afterwards, water was applied in amounts 

and frequencies, necessary to maintain surface moisture in 

the seed plots throughout the germination period. During 

the post-emergence phase, amounts were reduced and the soil 

surface allowed to dry out. 

Counts were taken periodically following germination. 

Average germination for the entire trial was 27% and final 

stands were 21% (Germination under laboratory conditions was 

specified as 75%, including 13% abnormal seedlings). 

No inferences could be made as to the effect of the 

vermiculite cover versus no cover on stand count results. 

An assessment of the two placement methods of the drip line 

was made based upon visual observations. Overall, wetting 

uniformity of the seed beds was better with the sub-surface 

line. More soil erosion was evident with the surface line, 

which appeared to be partially due to sloping beds. It was 

concluded that using a surface line would require level beds 

and low flow rates, while sub-surface lines would require 

careful installation to proper depth, and a soil profile 

with minimum presence of rock material or soil clods. 
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Tensiometers were found to be a suitable method of 

monitoring soil moisture during the post-emergence period 

when radicle growth had reached the effective depth range 

for instrument readings. However, prior to emergence, the 

soil moisture status at the surface had to be observed 

visually. Mercury thermometers seemed more suitable for 

measurement of minimum soil temperatures than the ther

mograph because with the former it was possible to measure 

the soil temperature closer to the bed surface where the 

seed was planted. Stand counts indicated two periods of 

germination at a two week interval, both occurring approxi

mately when minimum soil temperatures rose above 10°C. Pre

cipitation was assumed to contribute to initiation of the 

second period of germination. Stand counts in later trials 

were planned, according to rate of germination, minimum soil 

temperature, and possibly precipitation. 

Based on findings from the preliminary trial, a study 

on the effect of vermiculite cover and seed placement, under 

different irrigation frequencies and amounts, was planned 

for the spring, 1983. 

Determination of Planting Date 

Direct seeding studies were planned for May and 

October on the basis of climatological data (Tucson Campbell 

Avenue Farm), that included two parameters of particular 

importance: air temperature and precipitation. Average 
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minimum air temperatures above 10°C are necessary for ger

mination (Taylor, 1964). October is the last month of the 

fall season and May is the first month of spring that mini

mum are temperatures are above this level (Figure 1). 

Average daytime temperatures during both months are 

in a range (13-32°C), found to be favorable for guayule 

growth (Hilgeman, 1964). 

Low intensity rainfall might contribute to creating 

favorable conditions for germination and seedling growth of 

directly seeded guayule. However, precipitation would be 

undesirable during such studies because of the effect on 

irrigation treatments. Measurements of monthly total preci

pitation (Figure 2) indicate that the summer monsoon rains 

have subsided by October, while May shows the lowest preci

pitation. 

Climatologically, evaporation was not considered a 

limiting factor in determining the month of planting. A 

desired soil moisture level could be maintained by adjusting 

irrigation amounts according to the extent of observed sur

face evaporation. Thus, the soil evaporation losses could 

be met, regardless of planting date. 
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Figure 1. Average minimum and maximum air temperatures 
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Seed Preparation and Germination Test 

Seed used in this study was variety 11591f harvested 

from experimental plots near Litchfield Park, Arizona in 

May, 1982. The seed was approximately eight months old when 

the cleaning process was started and thus, seed dormancy was 

assumed to be considerably reduced (Benedict, 1944). Seed 

was cleaned and treated to ultimately obtain the highest 

possible germination percentage. The following is a modifi

cation of a cleaning procedure described by Hammond and 

Polhamus (1965): 

I. Seed was hand-sieved three times to remove trash 

and improve the level of further cleaning. 

II. Seed was threshed twice on a belt-thresher to 

improve germinability (Tingey, 1943). 

The next three steps were taken to systematically 

filter out the light weight seed and thus increase the per

centage of viable seed remaining at the end of the process: 

III. Seed was processed through a Clipper fanning 

mill, using 4x22" mesh an 1/22" sieve screens. 

IV. Seed was passed through two seed blowers of dif

ferent refinement levels. 
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V. Seed was floated in acetone and then in distilled 

water. 

Seed was then treated with a 0.5% solution of NaOCl 

for 20 minutes followed by rinsing for 5-10 minutes in 

distilled water. This is a modified version of a procedure, 

outlined by Naqvi and Hanson (1980) to further reduce resi

dual dormancy effects. 

Following the above cleaning and treatment proce

dures, the seed was tested for germination. Pour petri 

plates, containing 100 seeds each and covered with filter 

paper were incubated for a seven day period under laboratory 

conditions with constant light and regulated air temperature 

(32-34°C). 

Plates were kept well moistened. Counts were made of 

germinated seeds with observed initial radicle growth, out

side the seed coat. Average germination was determined to 

be 76% (including 11% abnormal growth). Seed was then 

counted into 50 seed lots (a random recount indicated a 

counting error of 5% less seed). 

Observations of Growth Conditions 

Climatological Monitoring 

Precipitation. Measurable rainfall during the period 

from sowing through the initial emergence phase, could have 

significant bearing on treatment effects by masking dif
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ferences in the moisture content in the surface layer across 

the seeding zone. The soil surface can be permitted to dry 

with growth of the first true leaves, without causing 

moisture stress (Hilgeman - 1946). Thus, the possible 

treatment masking would be minimal after a certain point 

during post-emergence. (Rainfall accumulation was measured 

at the weather station on the farm.) 

Air Temperature. Minimum air temperatures would be 

considered a critical factor during the germination phase in 

a fall or early spring planting. Daytime maximum 

temperatures were thought to be more indicative of the 

temperature effect on seedling growth and stand 

establishment (Daily minimum and maximum air temperatures 

were recorded at the weather station on the farm). 

Evaporation Evaporation was thought to have some 

bearing on treatment effects. High evaporation of surface 

moisture might accenuate differences in wet and dry areas of 

the seeding zones, while relatively low evaporation might 

reduce drying of the seed bed, resulting from irrigation 

treatments. In both cases, the effect of evaporation would 

seem to be more evident during the germination phase, when 

surface moisture is a critical factor. Climatological data 

for the Tucson area (Figure 3) indicates relatively low 

total evaporation during October, and, therefore, would 

probably not be regarded as a significant factor during a 
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fall planting (Daily measurements of evaporation from a 

Class A Pan were recorded at the weather station on the 

farm). 
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Figure 3. Average daily evaporation at University of 
Arizona , Tucson (1963-73) 

P planting dates 

Soil Monitoring 

Moisture. During the initial growth phase of 

directly seeded guayule, from planting through emergence, 

the soil moisture adjacent to seeds, sown on the surface is 

of vital importance (Collis and Hector, 1966). Accurate 

measurement of the soil moisture content in the top surface 

layer was not possible and only visual observations were 

made to estimate moisture conditions. After germination and 
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initiation of root growth, estimation of soil moisture con

ditions at the 2-7 cm depth in the seeding zones, was 

obtained using tensiometers, installed adjacent to 

representative plots of each irrigation treatment, and 

approximately 8 cm from the drip line. 

Temperature. Since germination of guayule is 

inhibited at temperatures below 10 °C, minimum soil 

temperatures were monitored daily during the germination 

phase. Headings were taken at approximately 2 cm depth and 

10 cm from the drip line. They were recorded at sunrise 

from time of planting to post-emergence. After this point 

in growth, no further recordings were made of soil 

temperatures, since they were no longer considered an 

important factor. 

Salinity. It was intended that non-saline soil 

conditions in the seeding zone would be maintained 

throughout the study. For verification, soil salinity 

levels were measured by EC measurements for soil solutions, 

taken periodically in the top 3 cm of surface soil. 

Composite samples were taken at locations, adjacent to 

representative plots of the irrigation treatments. 



SPRING PLANTING - MAY, 1983 (Summary) 

A direct seeding study was conducted to study the 

effects of seed cover and seed placement, under different 

irrigation amounts and frequencies, on germination and stand 

establishment. 

Bi-wall drip tape (30 cm orifice spacing) was placed 

on the surface of four 100 cm spaced seed beds, with one 

line installed along each bed center. Seed (Var. 11591) was 

manually placed on the soil surface, at a seeding rate of 50 

seeds per linear 30 cm. Each seed plot contained two rows 

at 4 and 9 cm spacing from the drip line. Half of the plots 

were covered with vermiculite, as in the preliminary trial. 

Each bed contained eight replications of cover and seed pla

cement treatments. Solenoid valves were used to create 

irrigation frequencies and water levels. Three lines were 

operated at frequencies of 3,6, or 8 times/day and at the 

same water level (72 min. tot. irrigation time/day). The 

fourth line was operated at 6 times/day and at a higher 

water level (96 min./day). 

The planting operation was performed on May 12, 1983. 

Germination was observed four days after planting, and two 

stand counts were taken, five and ten days later. Insect 

damage from flea beetles and leaf hoppers was initially 

32 



33 

observed on new seedlings, approximately at the time of the 

first germination count. The damage increased in it's 

severity to a degree that was thought to significantly mask 

treatment effects on stand establishment. The study was 

considered terminated, shortly after the second stand 

count. 

Complications also arose with the irrigation system, 

which were considered to significantly reduce the effec

tiveness of the irrigation treatments. Differences in water 

application amounts occurred for the same water level treat

ment because of non-uniform emitter discharge along the 

lines. Apparently as a result, ponding conditions and seed 

bed erosion occurred in some seed plots, where flow rates 

were excessively high, while rapid drying was observed where 

flow rates were low. 

An analysis of the treatment effects of cover and 

seed placement applied only for the germination phase, and 

was based on the two counts of germinated seed (Table 1). 

Insect damage was observed to occur shortly after appearance 

of cotyledon leaves. Total average germination was 27%. 

Germination was found to be significantly higher in the 

covered seed plots (31.2%), compared to the non-covered 

plots (23.3%). The study failed to show significant dif

ferences in germination as a result of seed placement. 

However, germination counts were higher in the 4 cm place
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ment, with slightly larger differences reported under the 

no-cover treatment. 

Table 1. The effects of seed cover and placement 
treatments on total germination in the 
May planning, 1983. 

Seed Plac. Seed Cover 

No 
Cover Cover Average 

4 cm 36.0% 30.6% 33.3% 

9 cm 26.4% 16.0% 21.2% 

•Average 31.2% 23.3% 

*F-test show significance § 0.05 level. 

It was concluded that vermiculite cover significantly 

contributes to germination of guayule, directly seeded on 

the soil surface, apparently by conservation of surface 

moisture, adjacent to the seed. Observed differences in 

germination of seed, planted a 4 cm and 9 cm from the drip 

line, were thought to be an indication of real treatment 

effect for seed placement. The long-term effect of seed 

placement during the post-emergence phase was not deter

mined. 
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A more extensive layout of the irrigation system with 

better water control was deemed necessary in order to eva

luate more accurately treatment effects of seed placement 

and irrigation practices (frequency and amount). To this 

end, changes were to be made in the planting, scheduled for 

the fall. These included the type of irrigation equipment 

used (drip, tape, solenoid valves), experimental design 

(experimental variables, number of replications), and layout 
r 

(orientation of drip tape on beds, arrangement of supply 

lines to plots). Also precautionary measures were to be 

taken against possible insect damage during the early 

emergence phase. 



FALL PLANTING-OCTOBER, 1983 

Experimental Variables 

Irrigation Amount 

Two water levels were applied using high and low 

flow drip tape (Chapin W-FOUR Hose), with outlets every 20 

cm. According to flow rate specifications, water was 

applied at a rate of 1.89 liters/min. per 30 m line using 

the high flow drip tape and at 1.14 liters/min. per 30 m 

line using the low flow tape, both at 4.14 x 10^ Pa. The 

actual amounts were applied according to an irrigation sche

dule that was determined by the rate of germination and 

seedling growth. Also, the amount applied during the 

preirrigation was determined by the time required to comple

tely moisten the bed surface. 

Irrigation Frequency 

The two water levels were applied at irrigation fre

quencies of three and eight times daily. A timer mechanism, 

connected to the solenoid valves, was used to activate the 

irrigation system at the appropriate frequency and interval. 

Water application amounts in each frequency treatment 

were measured by two volume meters in series, connected to 

the solenoid valve. The meters were calibrated and checked 
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for accuracy under minimum flow conditions (Flow in the 

system was above the minimum level required for accuracy). 

Seed Placement 

Seed was manually spread in rows on the bed surface 

at distances of 5 and 15 cm from the drip lines, at a 

seeding rate of 50 seeds per linear 30 cm. Assuming the 

equivalent weight of 1000 guayule seeds to be one gram, the 

specified seeding rate on one meter spaced beds would 

require 1.62 kg/ha. 

All seed rows were covered with a thin layer of ver-

miculite. Also, a double layer of relatively large mesh 

cheese-cloth was placed over the seed plots to reduce 

possible rain erosion of seeding zones, and to preserve 

moisture. It was also applied to reduce insect damage, 

similar to that which was sustained during the first week of 

post-emergence during the spring planting, when seedlings 

were observed to be susceptible to insect damage. The layer 

was thought to be thin enough, not to impede seedling 

growth. 

Experimental Design 

The experiment was laid out in a randomized block 

design with four replications of treatments (Fig. 4). Each 

of four blocks consisted of two beds containing all treat

ments. The water level treatment was selected by random 

placement of high or low flow drip tapes on a bed. Two sets 
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of frequency plots were formed by randomly dividing each bed 

in half and then connecting all plots of each frequency to a 

solenoid valve. Within each frequency plot, four seed 

plots, 30 cm in length, were designated, with two on each 

side of the drip line (Fig. 5). Each seed plot contained 

seed placement treatments at 5 and 15 cm from the drip line. 

BLOCK 1 BLOCK 2 BLOCK 3 BLOCK 4 

3X 8X 8X 8X 3X 8X 3X 8X 

8X 3X 3X 3X 8X 3X 8X 3X 

H L H L H L H L  

Figure 4. Experimental Layout 

H - high water level (rated flow rate @ 1.89 liters/min.) 

L - low water level (rated flow rate @ 1.14 liters/min.) 

3X - daily frequency of irrigation 

8X - daily frequency of irrigation 
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Figure 5. One sample frequency plot containing four seed 
plots. (Top View) 

Field Preparation 

The area designated for the field study was disked 

and listed for 1 m bed spacing. Seed beds were then formed 

in one operation, in which the beds were mulched, shaped, 

and a drip tape imbedded at 7-8 cm depth along the bed 

center (Fig 6). A rough soil surface was formed in this 

process to create micro-climatic conditions that would help 

protect seeds, placed on the bed surface, from heating and 

drying effects of the sun and wind. Drip lines were then 

assigned frequencies and connected to the appropriate sole

noid valves (The difference in water amounts applied to each 

set of frequency plots for a given time period was found to 

be less than 10%). 

Drip lines were flushed after installation and after 

designation of frequency plots. 
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0 <- drip line 

Figure 6. Cross-section of the seed bed at a seed plot 
location. 

X seed row 

A Chronology of the Planting 

I. Field Preparation - One week prior to planting 

IX. Preirrigation - One day prior to planting 

III. Planting - October 14, 1983 

IV. Start Treatments - One day after planting 

V. Germination Period - Observed to begin four to 

five days after planting. From limited counts on selected 

dates, most of the viable seed was found to have ger

minated after a one week period. A complete germination 

count was then taken at that time. 
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VI. Post-emergence Period - Considered in this 

study as the two week time period following the complete 

germination count. At the end of this period, twenty-five 

days after planting, a stand count was taken and the experi

ment was terminated. 



Prevailing Growth Conditions 

Climatological Conditions 

Precipitation (Table 2.). Precipitation occurred 

three times during the study and may have masked treatment 

effects on germination percentages. The beds were 

moistened by 7 mm of low intensity rainfall, four days 

after planting when germination was initially observed. 

During the latter part of the post-emergence period, 16 mm 

of rainfall saturated the field, however, no ponding 

occurred and seed plots remained intact. Final stand 

counts were not considered to be influenced, since the 

subsurface soil was already moist from irrigation, and only 

a few seeds were still germinating. 

Total precipitation during the study equaled one 

quarter of the irrigation amount applied in the high water 

level treatment and nearly one half of that applied in the 

low water level treatment. Although most of this occurred 

after the early critical phases of germination and 

emergence, it would appear that rainfall should be con

sidered, when evaluating water requirements during this 

planting. 
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Table 2. Total precipitation during the study. 

Date Precipitation (mm? 

10/19-20 7 

10/28 1 

11/4 16 

Total 24 

Air Temperatures. Recorded minimum and maximum air 

temperatures (Table 3.) were in a range, considered 

favorable for germination and seedling growth. Minimum air 

temperatures fell below 10°C, but only after the germination 

phase was over and were therefore, not considered a factor 

in germination and final stand results. 

Table 3. Average weekly maximum and minimum air temperatures 
during the study. 

Time Period Maximum Minimum 

10/16-22 29 °C 12°C 

10/23-29 27°C 13°C 

10/30-11/5 28 "C 

u
 

0 C
M
 H
 

11/5-11 26°C 9°C 

Evaportion. Average daily pan evaporation was half 

the normal monthly rate for October, at 4 mm/day, and close 

to that for November, at 3 mm/day. An estimate of soil 

water evaporation during the study was based on the 

calculation of potential evaporation from a bare soil 
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surface (Doorenbos and Pruitt, 1977)* Potential evaporation 

was found to be lower than the daily irrigation application 

rates of both water level treatments during the germination 

phase (Depth of Water Applied-Table 6). Evaporation losses 

were considerably reduced by precipitation during that timer 

as well as during the latter part of the post-emergence 

phase. Moveover, visual observations seemed to indicate 

that the cheesecloth cover seemed to reduce soil evaporation 

losses in the seeding zones, compared to the surrounding, 

exposed bed surface. 

Soil Conditions 

Moisture. Visual observations indicated that the 

surface layer in the inner seed rows (5 cm placement) of 

most plots, remained moist throughout the experiment. 

However, there was more variability among the 15 cm 

placement zones, ranging from a well moistened surface to a 

dry crust. This seemed to be more evident in the low water 

level treatments and may have been due to soil 

characteristics (such as the presence of soil clods) and 

irregular wetting patterns, resulting from variations in 

orifice flow. Although the drip line was considered to be a 

line source (one orifice per 20 cm), orientation of seed 

plots in relation to emitters wasn't controlled, and in some 
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cases, may have contributed to different levels of surface 

soil moisture in seed plots within a given frequency plot. 

Movement of the wetting front, as observed on the 

soil surface during the study, is illustrated in Figure 7. 

During the preirrigation, the wetting front reached the edge 

of most beds. Shortly after introduction of the irrigation 

treatments, the wetting front gradually receded on all beds 

to where it fluctuated around a line at which a clear 

distinction could be made between beds with either high or 

low flow drip lines. Generally, the wetting front in the 

high water level treatment was observed along the outside 

edge of the seed plots. In the beds with the low water 

level treatment, the wetting front stabilized closer to the 

drip line, consequently resulting in drying of the outer 

seed rows in numerous plots. 

The cheesecloth cover seemed to help retain soil 

moisture in the surface layer of seed plots. In many 

instances, the outer seed rows remained moist, while the 

adjacent uncovered soil surfaces had dried. 

Once the post-emergence phase was assumed to have 

begun, irrigation application amounts were reduced. The 

wetting front was then observed to recede closer to the 

drip line and, eventually, surface drying occurred in the 

outer seed rows of both high and low water level treatments. 

The inner seed rows continued to maintain soil moisture at 

different levels. There were isolated instances of surface 
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Figure 7. Movement of the wetting front on the seed-bed (top-
view) 
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ponding within the inner seed rows during an irrigation 

period, but usually for only a short period. 

Differences in average daily tensiometer readings 

(Fig. 8) between high and low water level treatments were 

considered small (mostly less than 0.10 Bars). Except for 

two days during the post-emergence state, readings were 

close to field capacity throughout the experiment (Estimated 

f.c. for a fine sandy loam = 0.2Bars). Actual moisture 

levels within the seed plots might even have been higher, 

due to the cheesecloth cover. 

The reliability of the tensiometer readings were pro

bably reduced by instrument variability, the limited number 

of instruments available, and variations in the soil 

moisture level within frequency plots. Despite these limi

tations, the tensiometer readings showed that soil moisture 

was probably not deficient in the seeding zones at approxi

mately 2-7 cm depth. Based on this assumption, the irriga

tion treatments wouldn't have affected moisture content at 

that depth range during the post-emergence phase. 

Soil Temperature. Minimum soil temperatures were 

above 10°C throughout the germination period, averaging 

around 13°C for the first ten days after planting (Fig. 9). 

It was assumed that at this level, germination was not 

inhibited. 
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Figure 9. Minimum soil temperature readings taken at 0-2 cm 
depth during germination period. 

Soil Salinity. Measurements of soil salinity levels 

in the top 2 cm of surface soil were in the range of 1-2 

mmhos/cm during the study. No significant adverse effects 

on germination and seedling growth of guayule have been 

reported at this level (Miyamoto, 1984). Non-saline soil 

conditions during the study were attributed to precipitation 

and use of non-saline irrigation water. However, localized 

soluble salt concentrations at toxic levels, may have 

occurred periodically, in areas along the drip line, where 

irrigation was insufficient for removal of salts from the 

seeding zone. These conditions were not observed, due to 

the limited extent of measurements taken. 

Germination Inhibited 

15 20 25 30 
October 

Insect and Weed Control 

For ant control, Diazonon granules were spread around 

the beds immediately after seeding and periodically 



thereafter. Minimal ant activity was observed throughout 

the planting. 

A contact insecticide spray (Diazonon) was applied 

during the early post-emergence period as a precautionary 
—' 

measure, in addition to the cheese-cloth cover, to prevent 

damage similar to that sustained during the spring planting. 

A test application was made under laboratory conditions on 

uncovered guayule seedlings shortly after emergence. No 

adverse effects were observed with the application rate 

used in the field. There were only isolated signs of insect 

damage during the experiment and it was assumed that stands 

were not significantly reduced by this factor. 

No herbicides were used during the study. Heeding 

was performed manually and seed beds were kept relatively 

clean. 

Irrigation Schedule (Table 4.) 

A preirrigation was performed the day before planting 

and continued just prior to seeding. Equal amounts of water 

were applied on all beds at time intervals that permitted 

gradual wetting without minimal erosion to bed surfaces. 

When the wetting front had reached the edge of the beds, the 

irrigation system was shut off and seeding started. 

The following morning, the irrigation treatments were 

activated for a total of 72 min/day at the predetermined 

frequencies. Three days after planting, the irrigation 
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system was turned off because of a 16 mm rainfall. The 

following day, the original irrigation schedule was resumed 

and continued until the germination stage was considered to 

be over, at which time the total operation time was reduced 

to 48 min/day. One week later, the field was fully wetted 

by precipitation, and the irrigation system was turned off 

for the remainder of the study. 

Table 4. Irrigation schedule during the study 

Date 

10/14-15 

10/15-28 

10/28-11/4 

Phase 

Preirrigation 

Germination 

Post-emergence 

Duration(min./day) 

varied 

72 

48 

Frequency 

3X 

8X 

Time of Day 

8am 10 11 12pm 12 3 

XX X 

X X X X X X X 

Depth of Water Applied 

Table 5 contains calculated values of water applied 

and actual values, based on volumetric meter readings. The 

calculated values were obtained from irrigation schedules 

and rated flow of the drip tape. More water was actually 

applied from activation of irrigation treatments to shut-off 

time (10/15-11/4) than calculated estimates. This was 
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thought to be primarily due to the amount of water required 

to fill the drip lines at the beginning of each irrigation 

period. It would also account for more water being applied 

with the 8 times/day frequency than with the 3 times/day 

frequency, with lines filling up more times per day with the 

higher frequency. The larger amount of water applied with 

the higher frequency was considered to influence the effect 

of irrigation frequency on germination and stand percen

tages. Periodic variations in system pressure from that 

specified for the rated flow rates, may also have been par

tially responsible for the observed difference between 

actual and calculated values of water application amounts. 

Total amounts applied were adjusted, based on the 

assessment, mentioned above (Table 6). The preirrigation 

represented roughly 10% of the total water applied. Irriga

tion amounts, applied during the post-emergence period, were 

approximately one third of the water application during the 

germination period. 

Table 5. Total depth of water applied in mm during the study 
(10/15-11/4)-A comparison of calculated irrigation 
amounts and volume meter readings. 

Daily Calculated Volume 
Irrigation Irrigation Meter 
Frequency Amounts Readings Difference 

3X 59 69 14% 

8X 59 77 23% 



53 

Table 6. Depth of water applied in nun during the study, 
adjusted for differences between calculated and 
actual values. 

Daily 
Water Irrigation Germ. 

Level Frequency Preirr. Period Period Total 

High 3X 11 72 24 107 
8X 11 87 26 124 

Low 3X 7 47 15 69 
8X 7 50 16 73 

*Epot. (mm) 26 14 40 

*Epot. - potential evaporation from a bare soil based on: 
Epot. = Epan x kp 
Kp = 0.55 (Doorenbos and Pruit, 1977) 

Counts of Germination and Final Stands 

A complete germination count was made once a signifi

cant reduction in the germination rate had occurred. This 

was determined by counts, taken in one plot of each irriga

tion treatment, chosen at random, two, four and seven days 

after first observations of germination. Average total ger

mination was calculated for each date (Fig. 10). 

Approximately eleven days after planting, the rate 

had declined considerably. Most of the viable seed was con

sidered to have germinated by this time and a complete ger

mination count was then taken. Two weeks later, after 

appearance of true leaves on most of the seedlings, a count 

was taken to estimate final stands. 



54 

c 
o 
•H 

« 
c 
•H 

<D 
tD 
t-H 
4J 
o 

EH 

40 

30 

20 

10 

4 6 8 10 

Days after planting 

12 

Figure 10. Total germination percentages on selected dates 
after planting. 

X germination counts 

Results and Discussion 

The mean for the complete germination count was 31.3% 

and decreased to 25.3% according to the final stand count 

(Table 7). This represents a 19% reduction in stands that 

was thought to be due to a combination of factors. Abnormal 

seedling growth, 13% according to germination tests in the 

laboratory, was observed in some seed plots as stunted radi

cle growth. To some degree, seedling mortality may have 

been attributed to this phenomenon. Varying extremes of the 

soil moisture content in the seeding zone, shortly after 

germination, may have resulted in localized soluble salt 

concentrations at toxic levels in the case of insufficient 

moisture, and damping off disease when excessive moisture 

conditions occurred, due to surface ponding. 
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Table 7. Mean values for treatment effects during the study. 

Treatment Count Percentages{%) 

Total Germination Final Stands 

Total 31.3 25.3 

Water Std. Std. 
Level High Low Error High Low Error 

33.6 29.0 5.9 26.9 23.6 5.3 

Irr. 3X 8X S.E. 3X 8X S.E. 
Freq. 32.8 29.8 15.1 16.4 14.2 12.7 

*Seed 5cm 15cm S.E. 5cm 15cm S.E. 
Plac. 35.8 27.7 1.2 28.5 22.1 3.4 

*F test show significance @ 0.05 level 

Although the stand was reduced from 31.3% to 25.3% 

between germination and post-emergence phases of growth, it 

was considered acceptable in terms of stand establishment on 

a commercial scale, given certain assumptions. In direct 

seeding of guayule, a thinning operation would be necessary 

to attain a desired plant spacing. Once a survival percen

tage for a seed lot is determined, it would seem possible to 

define a seeding rate that would result in a minimum amount 

of thinning. The survival percentage would be for seed that 

was cleaned to a specified level, planted and grown under 

given environmental growth conditions, crop and water mana

gement practices. 

Thus, for the fall planting using a seeding rate of 

50 seed/linear 30 cm (1.62 kg/ha), 25.3% survival meant a 

final stand of approximately 13 plants every 30 cm. A 
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considerably lower seeding rate would have reduced the 

extent of a thinning operation as well as quantity of seed 

required. For example, with the survival percentage 

obtained in the fall planting, a seeding rate of 10-20 

seeds/linear 30 cm might result in a final stand of approxi

mately 3-5 plants every 30 cm, requiring only 0.32-0.65 

kg/ha of seed, assuming a one meter bed spacing. 

The study failed to show significant differences due 

to water level, irrigation frequency, and seed placement 

(Table 8). The three way interaction between variables was 

not significant as well. 

A number of factors may have reduced the level of 

significance of treatment effects during the study. Preci

pitation, particularly during the germination phase, may 

have masked treatment effects to some extent. Areas of non-

uniformity of the wetting front on the seed bed, due to 

variability in the hydraulic conductivity of the soil, may 

also have been a factor. Experimental error in the initial 

allocation of seed into lots for placement, and in counts, 

was estimated at 10%, and should also be considered. 

The effect of seed placement was found to be signifi

cant. Complete counts of germination and final stands were 

23% higher in the 5 cm placement than in the 15 cm place

ment. 



Table 8. Analysis of Variance (*Sign.§ 0.05 level) 

Total germination 

Source of 
Variation 

Water 
Level(W) 
Error 

Irr. 
Freq.(F) 
WxF 
Error 

Seed 
Plac.{P) 
WxP 
Error 

PxF 
PxWxF 
Error 

Df 

1 
3 

Mean 
Square 

0.3046 
0.1137 

0.0536 
1.3182 
0.7285 

0.8928 
1.6106 
0.0552 

0.1709 
0.0032 
0.1643 

Observed 
f 

2.6801 

0.0736 
1.8095 

*16.1864 
*29.2002 

1.0406 
0.0196 

Source of 
Variation 

Water 
Level(W) 
Error 

Irr. 
Freq.(F) 
WxF 
Error 

Seed 
Plac.(P) 
WxP 
Error 

PxF 
PxWxF 
Error 

Stand Count 

Mean 
Df Square 

1 0.2060 
3 0.0913 

0.0167 
1.3072 
0.4067 

0.6926 
0.9813 
0.0745 

0.0404 
0.0103 
0.1218 

Observed 
f 

2.2562 

0.0410 
3.2144 

* 9.3003 
13.1767 

0.3319 
0.0843 
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A significant interaction between seed placement and 

water level was indicated from both counts. Further analy

sis showed that under the low water levelr the germination 

count was 52% higher in the 5 cm placement and 48% higher 

according to the final stand count (Table 9). The dif

ference was found to be significant at the 5% level only in 

the germination count. A possible explanation for a lower 

level of significance in the final stand count is that ini

tially, more favorable conditions for germination, close to 

the drip line, might have resulted in higher germination, 

reported in the 5 cm placement. However, abnormal seedling 

growth and possibly excessive moisture conditions during the 

post-emergence phase, may have caused higher seedling mor

tality in the 5 cm placement than in the 15 cm placement, 

where fewer seeds germinated (A 23% decrease in the 5 cm pla

cement vs. a 17% decrease in the 15 cm placement occurred 

between the two complete counts taken). 

Overall, the interaction between seed placement and 

water level seemed to show that a low water level created 

more favorable soil moisture conditions for germination and 

seedling growth than a high water level, when seed was 

planted within close proximity to the drip line. Low ger

mination and final stand count percentages, that resulted 

with the high water level, may have been due to excessive 

moisture conditions, which lead to poor aeration and 
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damping-off disease. Conversely, the high water level 

resulted in significantly higher germination than the low 

water level for seed planted at further distance from the 

drip line. In this case, the low water level was found to 

be insufficient in maintaining adequate soil moisture in the 

seeding zone. This seems to indicate that an optimum 

moisture level exists for germination and early seedling 

growth of guayule. 

Table 9. Treatment interaction between water level and seed 

placement. 

Total Germination Stand Count 

Seed Water Level <%) Water Level 
Plac. High *Low High Low 

5cm 31.1 40.3 25.8 31.1 

*15cm 36.0 19.4 28.1 16.1 

LSD(0.05) 13.2 15.3 

Summary and Conclusions 

A direct seeding trial on guayule under drip irriga

tion was performed in October, 1983. Irrigation water 

level, irrigation frequency, and seed placement were eva

luated for their effects on germination and final stands. 

The following conclusions were formulated, based on obser

vations and analysis of results: 
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1. Drip irrigation can be used to establish field 

stands considered satisfactory in terms of a direct seeding 

operation on a commercial scale. 

2. An interaction of irrigation water level with 

seed placement can be a significant factor during ger

mination, and to a certain degree, be a determinant in 

establishment of field stands. 

3. It is of great importance that growth conditions, 

enhancing survivability of emerged seedlings, be maintained 

so that seedling mortality and stand reduction might be 

minimized. 

Future Direct Seeding Trails 

Further direct seeding trials are suggested, to 

determine how trickle or other irrigation systems might be 

more effectively used in direct seeding of guayule. Experi

mental variables in future plantings, might include a number 

of seed varieties, planted on various soil types and under 

different climatic conditions. Seed placement at distance 

intervals from the drip line, under a range of irrigation 

water levels and frequencies, would help quantify optimum 

soil moisture conditions during a planting. Variations in 

layout of the irrigation system and use of different types 

and spacings of emitters and orifices might also be 

included. 
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It is also suggested that seedling response to 

environmental growth conditions be carefully monitored so 

that possible causes of seedling mortality, such as that 

which occurred during the post-emergence phase of the fall 

study, may be identified. 



LITERATURE CITED 

Benedict, H.M. 1944 in: C.A., Taylor. 1946, p.21. 

Bernstein, L. and L.E., Francois. 1973. Comparisons 
of drip, furrow and sprinkler irrigation. Soil Sci. 
155: 73-76 

Collis-George, N. and J.B., Hector. 1966. Ger
mination of seeds as influenced by matric potential 
and by area of contact between seed and soil water. 
Aust. J. Soil Res. 4: 145-164. 

Cowley, W.R. 1945(a) in: B.L. Hammond and L.G. 
Polhamus. 1965, p. 37. 

Cowley, W.R. 1945(b) in: B.L. Hammond and L.G. 
Polhamus. 1965, p. 38. 

Cowley, W.R. 1945(c) in: B.L. Hammond and L.G. 
Polhamus. 1965, p. 39-40. 

Davis, C.H. 1944 in: C.A. Taylor. 1946, p. 58. 

Davis, C.H. 1945(a). Final report for the 
experimental unit at Anthony, N.M. Office of Arid 
Lands Studies, University of Arizona (USDA, ERP, 
unpublished). 

Davis, C.H. 1945(b) in: C.A. Taylor. 1946, p. 58. 

Davis, C.H. 1945(c) in: C.A. Taylor. 1946, p. 61-62. 

Doorenbos, J. and W.O. Pruitt. 1977. Crop Water 
Requirements. FAD. Report No. 24, p. 34 (Table 18) 

Goldberg, D. and M. Shmueli. 1970. Drip Irrigation 
- a method used under arid and desert conditions of 
high water and soil salinity. Trans. ASAE 13: 38-41 

Goldberg, D. and M. Shmueli. 1971. The effect of 
distance from the tricklers on soil salinity and 
growth and yield of sweet corn in an aird zone. 
Hort. Sci. 6: 565-567. 

Haise, H.R. 1945. in: B.L., Hammond and L.G. 
Polhamus. 1965, p. 41. 

62 



63 

Hammond, B. L. and L.G. Polhamus. 1965. Research on 
Guayule. 1942-1959. USDA Tech. Bull. No. 1327. 
144pp. 

Hansen, L.D. 1944. in: B.L. Hammond and L.G. Polha
mus. 1965, p. 40. 

Hilgeman, R.H. 1944, 1945. in: C.A. Taylor. 1946, 
p. 59. 

Hilgeman, R.H. 1946. Final report - Guayule Research 
Project, Salt River District 1942-1946. Office of 
Arid Lands Studies, University of Arizona (USDA, ERP, 
unpublished) 

Hunter, A.J. 1949. in: B.L. Hammond and L.G. Polha
mus. 1965, p. 43. 

Jury, W.A. and K.P. Earl. 1977. Water movement in 
bare and cropped soil under isolated trickle 
emmitters. I. Analysis of bare soil experiments. 
Soil Sci. Soc. Am. J. 4:852-856. 

Miyamoto, S., K. Piela, J. Davis and L.B. Fenn. 
1984. Salt effects on emergence and seedling 
mortality of guayule. Agron J. 76: 295-300. 

Naqvi, H. and G. Hanson. 1980. Recent advances in 
guayule seed germination procedures. Crop Sci. 20: 
501-504. 

Oebker, N., J.R., Kuykendall and D., Bach. 1971. 
Trickle irrigation in horticultural crops in the 
desert southwest. Proc. Nat. Agric. Plastic ConS,. 
10: 28-35. 

Shmueli, M. and D. Goldberg. (1971a). Sprinkle, 
furrow and trickle irrigation of muskmelon in an aird 
zone. Hort. Sci. 6: 557-559. 

Shmueli, M. and D. Goldberg. (1971b). Emergence, 
early growth and salinity of five vegetable crops 
germinated by sprinkle and trickle irrigation in an 
arid zone. Hort. Sci. 6: 563-565. 

Taylor, C.A. and B., Sleeth. 1943. in: C.A., Taylor 
1946, p. 25. 



64 

Taylor, C.A. 1944. in: C.A. Taylor. 1946, p. 21. 

Taylor, C.A. 1946. The propagation of guayule. 
Studies covering seed, nursurey and direct seeding 
practices. USDA (processed), 85 pp. 

Tingey, D.C. 1943. The comparative value of dry. 
pregerminated and threshed guayule seed in direct 
seeding. Office of Arid Lands Studies, University of 
Arizona (USDA, ERP, unpublished). 

Tingey, D.C. 1945(a). The effect of seeding and fre
quency of irrigation in the number of seedlings 
emerging in guayule as compared with lettuce and 
celery. Office of Arid Lands Studies, University of 
Arizona (USDA, ERP, unpublished). 

Tingey, D.C. 1945(b). The effect of seeding and fre
quency of irrigation in the number of seedlings 
emerging in guayule as compared with lettuce and 
celery. Office of Arid Lands Studies, University of 
Arizona (USDA, ERP, unpublished). 

Vessel, A.J. 1943. in: B.L. Hammond and L.G. Polhamus. 
1965, p. 17-20 


