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Foreword

From 1922 fo the beginning of World War II, the Department of
Agriculture conducted research on native and foreign plants (hat
might be relied upon for demestic production of natural runber should
our country be cut off from its chief sources of rubber in the FFur Fast,
Others interested in the problem included the late Thomas Alva
IBdison, who devoted the lutter part of his life to a survey of native
plants that might be useful for rubber production, and the Interconti-
nental Rubber Clo., which conducted veseaveh on guayule in the attempt
to commiercialize the production of caltivated guayule rubber in Cali-
fornin and Arizona, The Department of Agriculture, with only a
small appropriation devoted to the stucy of rubber plants, did not at-
tempt to duplicate the work of that company, but independently and in
cooperation with the company, conducted suflicient research on guaytile
to keep informed regarding the accomplishments of the company.

After the outbreals of war in 10941, the Government of the United
States took emergency action to develop new sources of natural rub-
ber to replace that formerly available from the Far BEast, Efforts
were made to increase supplies of wild rubber from Tropical America
and A frica, and the Bmergency Rubber Project was organized under
the Forest Service, 178, Department of Agriculture, to grow rubber
domestically. Dlants given partienlur attention included the Russian
rubber-bearing dandelion kok-saghyz, goldenred, the Madagascear rub-
ber-bearing vine Cryptostegin grandiflore R. Br., and guayule. The
major eifort of the Kmergencey Rubher PProject was devoted to guayule.

After acquiring ihe properties und records of the Intercontinental
Rubber Company in the [nited States, a large-seale vubber production
prograns was itinred, with active participation by the Department’s
research ageneies on all phases of guayule shrub production, and the
extraction and lesting of wanynle rubber. At the end of the war, the
Emergeney Rubber Project and all phases of the wartime rubber-
produetion program were liuidated, but a program of research on
shrub production and processing was continued.  This report is a
finnl summary of researeh by agencies of the Depariment of Agrieul-
turo on grutyule shrub and its rubber from the initiation of the Emer-
geney Rubber PProject in 1942 uniil the linal phase of the post-war
research on guayule was discontinued in 1959,

II
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RESEARCH ON GUAYULE (Parthenium
argentatum): 1942-1959

By Bavaen L. ELastsioxn, reseerel geneticist, and Loren G, Polhamaus, eoltadora-
ter, Crops Research Division, Agricultural Research Bervice

INTRODUCTION

Guayule isthe outstanding plant tested for rubber production within
the rontinental United States. Under favorable conditions, it may
contain more than 20 percent rubber on a dry-weight basis after £ or
3 years’ growth. The vubber yleld ut that time may exceed a ton
per dcte,

Species of Russinn dandelion, particularly kol- and krim-saghyz,
are capuble of producing high-quality rubber in a relatively short time,
but the yield is low. Cultural problems and harvesting difficulties
make these plants costly sources of rubber. The Russian tau-saghyz
and the ('ryptostegin rubber vine of Madagascar have also been tested
for domestic rubber production with untavorable results. Polhamus
(#75)* shows that milkweed, goldenrod, and many other North Amer-
iean plants contain rubber: but difficulties have been experienced in
domestication, anel in producing an acceptable quality of rubber.
Tistimated vosty of rubber production have been much higher than
for domestic guayule rubber.

A private company, the Intercontinental Rubber Co., was primarily
responsible for the mitial cultivation of guayule for rubber produc-
tion, This company conducted the first cultural tests in Mexico and
Jater in the southwestern United States, and by the end of the thivd
decide of the present cenfury had planted some 8,000 acres of guayule
sheub in the vieinity of Salinas, Calif.

This same company alse considered making plantings in Ttaly, and
conducted extensive tests and negoliations toward that end.  The re-
cession of (he early thirties caused the company to harvest the shrub
on rented properties at Salinas, and there was no further extensive
lield plinting until the beginning of war in 1941, The ULS, Govern-
iment planted some 32,000 seres of guayule in the United States during
the war.  Only a small portion of this acreage was harvested for rub-
ber, the major portion being destroyed after the wur when there ap-
peared to beno further strategice need for the rubber,

At thesame time, there was considerable interest in planting guayule
in other paris of the world wheve conditions seemed favorable for its
prowih.  The TS, Department of Agriculture furnished sceds to
Australia, Argenting, the Belgian Congo, Ceylon, Chili, China, Cuba,

' Tiatlie nembers in paseniheses refer to References, p. 144, Those with an as-
terisk refer to unpullished materiad, or material oot generally available in
lihritries,
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the Dominican Republic, Egypt, England, French Equatorial Africa,
the Gold Coast, India, Jamaica, Kenyu, Mauritius, Mexico, Nyasa-
land, Palestine, Peru, Northern and Southern Rhodesia, Russia, St.
Helena, Spain, Sudan, Uganda, the Tnion of South Atvies, Uruguay,
Venezuela, and rhe Virgin Islands.

Considerable success was reported for the plantings in Australia
and the shrub produced had u very satisfactory rubber content, After
the war, considerable seed of guayule was sold to the Governments of
Spain and Turkey, and each embarked on & program expected to
expand to some 30,000 acres.  However, by 1962, notwithstanding the
extensive plantings that had been made and the intensive research
that had been conducted, there was no commercial production of culti-
vated guayule rubber anywhere in the world, Even production from
wild shrub in Mexico had been discontinued.

HISTORICAL

Guayule was “discovered” in 1852 by J. M. Bigelow, » member of
the Mexican Boundary Survey pariy.  Dr. Bigelow submitted speci-
mens of the plant, which he collected near Escondido Creek in Texas,
to Harvard University where Asa Gray first deseribed it and named it
botanicully, Parthenium argentaiwm.

The presence of rubber in guayule was known by the Novth American
Indians who used it for several ¢onturies in the production of bounicing
balls for their games. The making of these balls apparently was
effected by the communal chewing of the bark from which = small
wad of rubber could be obtained after several minutes of chewing.

According to Lloyd's aceount (745), public attention had been drawn
to guayule rubber in 1876, apparently for the frst time, by an exhibit
sent from Durange by the Mexican Government to the Centenmial
Exposition at Philadelphia.  Fn 1858, the New Yori Belting & Pack-
ing Clo, imported 100,000 pounds of the shrub, decorticated it, and
extracted rubber from the finely ground-up bark ¥ immersion in hot
water. The quality of the rubber wus veunrded as equal “to the best
grade of centrals.”

In 1902, American capiralists Ainanced a serics of experiments by
William . Lawrence, which Jed to the suecossFul mechanical extrac-
tion of crude rubber From guayule shrub in 1904 by the pebble mill
extraction method. Extraction was accomplished Dy u rotating shell
containing flint pebbles, which comminuted the shrnb.

The first lot of rubber prepared was shipped to the United Stares and
used by the Manhattan Rubber Co. s n rosult of the siecess of o
meclianienl method of extracrion, the Continental-Mexican Rubber
(*a. completed a large factory at Torreon in 1006, Then Followed the
estolrishment of factories of various sizes in Nan Latis Potosi, Saitillo,
Mezrerrey, Gomez Palacio, and Jimuleo. In FH08, o mill bailt by the
Texas Rubber (o, at Marathon, Tex, began operation.  Production
was stepped up (o x point where, in 1909, Mexico exported 9,542 lony
tonss of geayule rubber to the United States. Much of the rubber was
used in the manufacture of automohile tives,

The limited, natueal sources of guayunle shrub were rapidly depleted
to a point where most of the factories were forced o close down. The




RESEARCIEL ON GUAYULE: 1942-1859 3

four owned by the C'ontinental-Mexican Rubber Co. remained in opera-
tion, but thetr supply of shrub wus getring low. They foresaw the
need Tor carrying out cultural experimenis and, in 1810, initiated
sunelt a program under the leadership of the lute W. B. MeCallum.

Threatened in 1912 by the Mexivan Revolution, cultural operations
were transferred to Calitornia under the nanie of the American Rubber
Producers, Inc., of the Intercontinental Rubber (‘o. IHeadquarters
were first established by Dr. MeCallun near San Diego.  Indicator
plots were established throughout California and the southwest to
dletermine areas best suited to wuayule culture.  Owing to the lack of
suflicient acreage to support full-seale factory operations, his head-
quarters were moved i 1916 to southern Arizona where a large tract
of fand was purchased by the company and the township of Continen-
tnl was established about midway between Tucson and Nogales. Al-
though laurge shrub could be grown under irrigation at Continental,
the very low rubber content was disappointing,

I 1925, headquarters were inoved from Arizona to the Salinas Val-
ley in California where conditions for rubber accumulation were more
Favorable.  An extensive commercinl development was initiated and,
during Four campaigns between 19371 and 1911, 3,068,630 pounds of
rubber were milled from guayule planted largely it the Salinas Valley.

(i a rs-l]mrt dnted June 6, 1930, Maj. Gilbert Van B. Wilkes and Maj.

Dwight ). Fisenhower reporied to the War Tepartment on the state

ol the guayule industry and its significance to the War Department.
In March 1942, shortly after our rubber supply from the Far East
had been cut off, the T8, Government purchased the experimental

records, seed stocks, and holdings of the Intercontinental Rubber Co.
within the United Stares and assigned the tusk of carrying out the
work o the 7.5, Department of Agriculture.

The Department of Agriculiure established the Emergency Rubber
Project to administer the program, and assigned to the T1.5. Forest
Seeviee the duty of organizing and directing the project. The Forest
Service was nuthorized to eall upon the research bureaus of the De-
paetment for any necessary assistanee within their usual spheves of
activity. The Bureau of Plant Industry, Soils, and Agricultural Engi-
peering (now the (rops Research Division of the Agricultural Re-
sewreh Serviee) was ealled upon for research on erop production.
The Bureau of Agricultural and Tndustrin! Chemistry {now the Uti-
lization Research and Development Divisions of the Agricultneal Re-
search Nerviee) was asled to assist in improving methods of extracting
guayule rubber from plants. The Burean of Entomology and Plant
(arantine (now the Entomology Resenvch Division of the Agrieal-
(ural Resenrvh Serviee) initinfed studies of insects affecting gunyule.

Under Publie Law 473, 77th Congress, siened by the President on
Maceh 3, 1942, the planting of 75,000 acres of guayule was auihorized,
aml an extensive researeh program was initiated to study all phases
of plantation guayude rubber production, including limited research
studies in Mexico (/7). Public Law 751, 7Tth Clongress, increased
the authorization to 300,000 acres and efforts to meet this expansion
got under way imumediaiely,  Soon a highly coerdineted organization
was Formed and ready to begin work. At this point, the expansion
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program wus hilted to minimize interference with food production in
Californin, and the project was ordered (o hoid a standby position.

In the meantime, u special representative of the Rubber Lirector
reviewed the rubber situation, thoroughly inspected the project itself,
and contueled public officials in California and the Southwestern
States concerning the attitude of the public toward the guayule pro-
gram. DBased on this report, the Rubber Director, on August 17, 1943,
stuggested 1o the Seerelary of Agriculture that the program be ex-
panded to produce 20,000 tons of rubber per year.

This time, project personnel centered aftenfion on a program in
Arizena and Texas where Turge areas of submarginal, ivvigated land
were available without mueh mterferenee with food production, To
sustain such a program, the necessary acreage was determined and
extensive soil surveys were made, pending a sullicient appropriaiton
of money 1o meet the suggested program.  Five monfhs later, Con-
gress voted disapproval and the project veverted to its former position
of maintaining the plantings (some 30,000 acres) already established
in Cahifornia.

Upon rejection of this proposed expansion program, the House of
Representatives passed a resolution on February 15, 1944, to form a
comntittee to make a complete investigation of the progress of the
program. The repert was made public on January 2, 1945, This
committee reported favorably on the progress of the program and
pointed eut the need for continued, intensive Government research
to determine the full possibilifies of guayule with due consideration
to postwar needs of agriculture. It recommended that the existing
plantings be turned over to private interests, and that guayule pro-
duetion and processing be in private hunds in the postwar period ; and
that the Government establish and guarantee a price floor for a period
of from 7 to 10 years. .\ bill embodying these recommendations was
introduced on February 26, 1945, 1t passed (he Fouse on May 14
and was reported cut of the Nenate committee in August 1946. No
ackion was taken on the loor.

Early iy 1945, the supply of natural rubber needed for heavy-duty
Lruck tives and bullet-proof gas tanks for aireraft beeame dangerousiy
low. The Rubber vector ordered a program to mill all of the
guaynle of an age suituble for rubber extraction.  The Firestone Tire
& Rubber Co. was given the task of designing, constroeting, and
operating the needed extraction plants.  This projeet was well under-
way at the elose of the war, but wus terminated on V-J Day,

["pon cessation of wur in the Pacific in August of 1915, the entire
rubber outlook changed.  Under the ferms of the “Rescission Bill*
pagsed by Congress on December 11, 1943, funds for the guayule
project were frozen and the project was ordered liquidated in its
entirety as of December 1046, All Tand, exeept for n few experimental
areas, was relensed by June 50, 1040,

During the brief period of 334 years, the Energency Rubber Project.
produced and shipped to the Oftice of Rubber Reserve of the Recon-
struction Finance Corp. o total of 2970272 pounds of rubber, leaving
approximately 83 percent of the slirub nnharvested.  The Haquidation
of the project resulted in the destruetion of an estimated 21 million
pounds of tubber slanding in the fields.
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A cpreful appraisal of the rabber situation vevealed that natural
rebber was a critiead msreriad sinee syuthetic rubber was not satis-
Factory for all essentind purposes.  Hecognizing the importance of
the guayule proerun, the Navy Depavtunent, through its Ollice of
Naval Reseaveh. provided funds for an iuterim research program
pending approprintions by Congress, aiud enteved into a contract with
Sranford Research Institute as an operating agency fo continne re-
searel on guayule, On July 23, HHE, Congress divected the ULS,
Depavtment of Agricultuve o conduet research on agricultural ma-
serinls considered strategic and eritienl by the Munitions Bowrd
(raayuie rubber was one of these.

In consequence, & new vesearch program was organized on August 1,
1017, ar Balinas, Califl 1o be condueied jointly by the Burean of Plant
Industry, Noils, and Agricultura) Engineering and the Bureau of
Agvicultural and Industeiad Chemistry under the title of the Natural
Rubber Extraction aml Processing Investigations Projeet.

tn December 1950, an emergency progriun of guayule seed and seed-
ling stockpiling was initinted by the Department of Agriculture ab
the requiest of the Munitions Boavd for the puvpose of stockpiling
reserves of natural rubber.  The overall administration was assigned
to the Production and Marketing Mdminisivation with the Bureau
of Plant Industry, Soils, and Agricaliueal Engineering acting in o
technical guidanee capacity,  The stockpiling program was directed
along two channels, In California, the Bureau initiated a stock-
piling programn by Cransplanting available seedlings to 337 neres of
farud in the Salinas Valey for seed production.  In Texas, under the
technieal guidance of the Burean, nurseries totaling 329 acres were
established to produce seedlings for possible use in a produsction
program.

The seedling stockpiling program in Texas was brought to a close
o December 31, 1931, and afl land and personnel were released,
On December 31, 152 the seed stockpiling program in California
catie to w conclusion. A total of 15,801 pounds of threshed seed had
heon havvested. Together with seed previously harvested, the stock-
pile consisted of 26,334 pounds of seed of variety 593, dried and
stored 1o aietight metal containers,

Ou WJune 304, 1053, the Natural Rubber Extraction and Processing
Investizations Project of the Bareau of Agricaltural and Industrial
Chemistry was liquidated.  The cultural and breeding program con-
ducted by the Natural Rubber Research Project of the former Bureau
of Plant Industry. Seils, and Agricultural Engineering was dis-
continned on June 3, 1959

BOTANICAL
Habitat

(Guayule i3 o somidesert shrub untive to the drylands of north-
vontrl Mexieo in the States of Coahuila, Chibunbus, Dorango, Zaca-
teess, San Luis Potosi, and Nuevo Leown, and to the adjzcent Big
Bend areas of Texas, usuully at altitudes between 2,000 and 6,000
foor,  TWithin its native habitai, it grows in scatiered patches of from
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less than 1 acre to several hundred acres in size, Tt is rather restricted
to outwash funs and slopes of caleareous soils (fig. 1) in regions
having an annual rainfail of 10 to 15 inches, which occurs principally
in late spring, summer, and early antumn. These sites are normally
well drained but in addition to precipitation, they may receive water
by runoff from more elevated areas. Actually, guayule will grow
better in regions with higher rainfall, but there it may not survive in
competition with other plants, particularly with the dense growth of
grasses and shrubs on the alluvial soils. Temperatures throughont
its range are fairly uniform, the daytime temperatuves rarely exceed-
ing 95° F., and the minimum seldom below 0°.  The plants may live
for 30 years or longer. In their native habitat they rarely exceed
2 height of 3 feet.

The genus Parthenium

A complete taxonomic revision of the genus has been made by
Rollins {£47) n n vecent monograph in which he also disensses the
morphology of the various species and the phylogenetic lrends within
the genus.  The genus, now comprising 16 recognized species, in four
seetions, is native to the Western Flemisphere, and extends, with the
exception of the Tropics, from Wyoming and Minnesota to northern
Aragentina,

In growth habit, the species range from annuals through perennials
and woody shrubs to ligneous, treelike types. P. fomentosum D.C.,
var. straneonium (Greene) Rollins, native to northwest Mexico, may
reach a height of from 13 to 20 feet or more. One of the smallest
i5 £, alpinum (Nutt.) T. & G.. an almost inconspicnous herbaceous

L ALY 3.
FRBRE
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Frotre 1.—Typical guayule country in Texas—limestone ridges, rocky soils, and
cutwash covers,  Plunts murked X nrve gnaynle,
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and dwarfed perennial found in certain Rocky Mountain areas of the
United States. P, bipinnatifidum (Ortega) Rollins, an ephemeral
annual of the highlands of central Mexico, completes its life cycle
from seed to seed in 8 weeks. Despite this great range in growth
habit, there is » marked uniformity in flora] and reproduetive char-
acteristics of the enfive genus,

Lurthenium appears not to be closely related to any other genus
of the compositae. A unique feature of this genus 1s the achene-
vomplex consisting, when it is shed, of the fusion of the basal portion
of the two subjacent sterile florets, the basal portion of the achene and
its subtending bract.  Also unique is the shedding of the sterile, sessile,
disk-florets as u unit, with disarticulation occurring on the receptacle.

P. urgentutum Gray is the only species of the genus known to pro-
duceuny significant amounts of rubber.

Morphelogy

_ FPhe gencral morphology andd anatomy of guayule hias been veported
n considerable detail in such publications as those of Tloyd (744),
Avrtsehwager (20), and Ross (198).

Root system

An exhaunstive study of the root system of guayule as related to
envivonmental factors is contained in the work of Muller {165).

The root system consists of the taproot which may lose its promi-
nence and give way m’entuall?x to an intricate system of dense fibrous
Iaterals and their branches. The deptl of penetration and subsequent
suppression of the tap root is determined by the penetrable soil.
Roots of plants in wild stands investigated in Texas rarely penetrated
the soil beyond 2 feet. The greatest concentration of fibrous roots is
in the upper & inches of soil. They have a lateral spread up to 10
teet or more, enabling the plant to utilize the moisture of short,
gporadic rains. These characteristics seem directiy related to the
very shallow water penetration and the imperviousness of the hard-
pans,  The roots of cultivated guayule may rench a depth of 20 feet
1f not terminated by impenetrable ayers.

Mihongh guayule has many of the attributes of a desert species,
it requires a moderate amount of moisture for active growth.

A significant factor in the survival of native guayule 1s the forma-
l1ion of adventiticus shoots, called retofios in Mexico (Lloyd, 145), on
shallow roots exposed by evosion ou the thin-soiled, rocky slopes
which it most commonly inhabits, These usually avise from the roots
of the parent plant at » distance of approximately 1 foof or more.
"The preximal portion of the mother root eventually becomes abstricted
by decay, while the distal portion continues to thicken in keeping
puee with the growing retono.  Adventitious roots avise later from
the basal portion of the stem of the rvetoiio, thereby increasing the
extent of the root system.

Retoiios often greatly outnumber the seedlings, particularly on very
stony slopes where vonditions, such as the absence of accumulated
vegetuble waste for holding moisture, make it difficult for seedlings
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tosurvive. They have a marked advantage over seedlings in a habitat.
of meager rainfall in the rate of growth and ability fo flower as a
result of the partizlly developed root systems already inherited at the
outset from the parent plant.

The exposed ends of broken roots surviving the havvesting of
ruayule plants also may give rise to retoiios, especially if an effective
rammfall follows the harvesting period.

Stems

The first inflovescence, which terminates the monopodial growth
of the seedling, is usually formed during the first year of growth
while the stems are still in the herbaceous stage. Several of the upper-
most branches then begin active grawth. Euch of these in turn ends
its growth by the formation of an inflorescence, when usunally the two
or three upper buds begin to elongate. This system of branching
continues, resulting usually in o symmetrical and closely branched
shrub (fig. 2}. The branching of biotypes may vary from rather
spreading to fairly upright. Lignilication of the stems begins during
the first year of growth.

Leaves

The upper and under surfaces of the leaves of guayule ave very
simitar but, with some difficulty, can be distinguished, at least super-
ficially. Both upper and under surfaces are CTEIISQIY coveved with T-
shaped, nearly sessile trichomes laid parallel to the leat axis, thus
producing the Hght green-gray sheen characteristic of the plant.

# &\

Frourge 2—A H-vear-old guayule plant grown under field caltivation in the
Salinas Valley of California,
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As the seedling leaves approach the mature form, they are first
characterized by o single footh located near the middle of one margin
only. Snbsequently, a tooth appears on each margin. About half
way between these and the more or less acute apex, a second pair may
appear. Al of these, by enlarging, nttain lobate proportions (fig. 8).

In general, the amount of lobing is determined by the growth rate,
which is evident in the sequence of leaf-forms during the growing
seasons and subsequent dormant perieds. The rate of lobing 15 much
more pronounced during the growing season. As the dormant period
approaches, which usually results from drought, the lower leaves be-
come shriveled and are eventually shed, leaving only compact terminal
clusters of small, elongate-ovate leaves tapering into the petiole,
entire, or with one or two very much reduced teeth.

An abscission layer is imperfectly formed. According to Addicott
(4}, teat fall from guayule may be considered a modified type of ab-
seission, in which the abscission layer is not involved directlly in the
separation of the leaf from the stem. Leaf fall occurs only after the
leat dies. The separation is mechanical and is brought about by a
break passing throngh the weak abscission zone at the base of the leaf.
Since only part of the leaves are shed, guayule may be considered
semideciduous.

Flowers and fruit

As stated earvlier, an inflorescence terminates the growth of the
primary shoot s well as that of subsequent branches. The inflore-
scence is a compound, one-sided cyme (fig, 3), and the flowers are

horne in heads on » common receptacle. The head contains five fer-
tile ray-flovets, ench with two attached subjacent sterile disk-florets.
The ray-florets are unisexual with no visible remmnants of stamens.
The disk-florets contain an abortive pistil in addition to the fertile
stamens and, with the exception of the onter row, are attached to each
other at the base, and fall from the flower head as a unit. The achene-
complex, when it is shed, consists of the achene to which are fused, at
its base, the two subjacent sterile disk-florets and a subtending bract,
i?)_r.:other with the persistent ligule and the withered two-lobed stigma
fig+).

The matore achene contains an embryo invested by two seed coats,
st outer one that is thin, white, and soft and an inner one that is thin,
wliite, and tough (90}. 'The outer seed coat is a single cell in thickness
except in the region of the vascular bundle and originates from the
outer cell layer of the integument. The inner seed coat is composed
of a membrane and a one- or two-celled layer of living, thick-walled
encdosperm cells, which at the micropylar end is usually several cells
in thickness. The membrane, at least in the micropylar region, appears
lobea wall materinl excreted by the endosperm cells.

Flowering in guayule is largely a response to active growth induced
by favorable meisture conditions. In its native habitat, the flowering
period normully occars in the sununer, although it may occur at any
time of the yvear, depending upon the fime and amount of ramfall, In
the Salinas Valley, ns a vesult of winter mins and rising temperatures,
guayule begins to flower in April and produces sced in May and June.
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uayile showing characteristics of leaves,

andl mode of growth,

inflorescences,

Ficure 3.—Diagrammatic hranch of g
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Frorre +—Achene-complex in guayule, LIG, Persistent ligule (eorolla); ST,
persistent 2-lobed stigma; MF, attuched male (disk) floret; A, achene; BR,
subtending braet,

Under irrigated conditions, it may continue to flower from early spring
to late fall.

Guayule is both wind and insect pollinated. Gardner (763) found
that viable guayule pollen, which he classified among the heavier types
of pollens, could be carried at Jeast 850 yards by the wind at Salinas,
Calif,  The adhesiveness and spiny character of the outer surface of
rhe pollen grains suggest also an adaptation to insect pollination.
Gravdner's experiments (/24) demoenstrated that insects, such as lady-
bird beetles, lygus bugs, und cucumber beetles, are effective carriers
ot guayule polien. During the spring flowering Eeriods of guayule
at Shatter, Calif, the senior author frequently observed very large
numbers of honeybees at work among the flowers, and it is not unrea-
sonable to assume that they afe also effective pollinating agents.

CULTIVATION OF GUAYULE

Few crops that are not produced commercially have received as
much concentrated seientific attenfion as guuyule. FEven before the
warthme elfort of the U8, Government, the Intercontinental Rubber
('o. had demesticated guayule, had made selections of high-yielding
types. had planted sizable acreages. and had developed eflicient, stand-
ardized procedures for planting, cultivating, harvesting, and process-
ing the shrub for rubber.

Cultivation by the Intercontinental Rubber Company

‘The specindized techuigques developed by the Intercontinental Rub-
ber Co. for the eultivation of guayule requived also the development
ol special equipment.  MeCatlum (752) summarized the practices of

7561-528 0—65
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the company. These sinndardized practices were adopted in detail by
the Emergency Rubber Project. Government experience during the
war led ro improvements and simplification of routine procedures but
the basic concepts were little {'lh:ll'lf_{ﬂd. The proce&ures involved
planting the seed in nurseries where the moisture ot the seedbed could
e maintained at an optimum level and the young seedlings could be
protected from dryving wind and drifting sand. A frer 9 months to a
year in the nursery, the young seedlings were topped, dug, and trans-
planted to the liehl.  Both irriguted and nonivrignied fields werve used,
After some 5 years in the field, the plants were plowed up, windrowed,
tuken to the facrory, and processed for rubber.

Intercontinental nursery operations

Normally the seed of gnayule germinates slowly and irregularly.
The rompany adopred rwo measures to obtain quick, uniform germina-
tion and an even stand of plants in the nursery. MeCallum (151)
found that vreatment with sodiun or calcium’ hypochlorite would
speed standavd practice by the company, To obtain even greater
uniformity of srand, the seed wus pregerminated before planting in
the nursery.

The nursery beds adopted by the company were designed for maxi-
mum use of mechanical equipnient.  Fach bed was 4 feet wide by 195
feei Jong. Mechanical seeders were designed to plant the guayule
seed in seven narvow, equally spaced bands and to cover the seed with
a thin conting of Hne sand. The beds were separated by 12-inch paths
mowhich S-inch duckboards were laid to aceommodate the wheels of

seeding, cultivating, and digging equipment.,  Overhead frrigation
equipmient was installed and o light 1erigation was given to each bed
several times a day to insure consiant but not excessive moisture dur-
g rhe emergence of (e seedlings.  Weeding in the nursery was uc-
(‘omr]is}w(l by Dhawd, and required large numbers of lubovers. To

faetlite weeding o the center of the nursery beds, with minimum
dimage to the guayule seedlings, wheeled platforms were provided.
The taborers =at on these and hitched them aliead by foot as they
proceeded down the bed.  Fhe digging of the plants, when they were
mrge enough for transplanting to the field, was accomplished by heavy
machinery with treads spaced 1o run on the duckboards between the
beds. The plants were first topped with special equipment designed
to vetain the tops for rubber extraction.  The plants were then undet-
cur ar a depth of =omie S inches with 2 heavy iron bar,  After under-
citting, the seedlings were putled from the =oil, graded, sorted, and
transported to the feld for transplanting.

Intercontinental field operations

Transplanting to the field was aceomplished by mechanical trans-
planters destenel especially Tor the compuny. X standacd distance
of 36 inches hetween rows was used and the planis weve spaced at dis-
tances of about 15 inehes within the row. Weeding und cultivation
between the rows waz aceomplished by mechanieal equipment, bug
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hand hoeing was necessary to control weeds within rows. Hoeing out
the weeds several times each year until the plants filfed in the row was
considered essential.  The number of culrtvatious between rows was
tecreased to minimize injury to the plants as the rows began to close
in from the spread of the plants. The company wus conscious of the
cost of hand labor and pave consideration to planting on the square
rather than in rows to facilitate ¢ross cultivation and minimize hand
hoving.

The company program involved harvesting the plants after some 5
vears i the i"mlti by plowing them up to a depth of about 8 inches.
Lt was vecognized, however, that the time in the field could be length-
cied maternily without loss of rubber and that harvesting could be
delayed f prices were unfavorable. The acenmulation of rubber
would continue for several years nntil the rubber could be sold profit-
ably. Afier plowing, the plants were windrowed, both to faeilitute
fouding on trucks for Lransportation to the factory, and to assist in
stutlcing the soil from the voots.

Cultivation by the Emergency Rubber Project

Whesn the Emergeney Rubber Project was organized there was little
time or opportunity to reassess the farm practices of the Intercon-
tinentul Rubber Co. The Department of Agriculture had given con-
sideration to a possible program of guayule cultivation prior to Pearl
urbor and had developed tentative plans based on data furnished
by the company.  Prior to the war emiergency, these plans remained
only tentative and there was no plan nor congressional approval for
thetr implementation.  As deseribed by Brandes (39), the war forced
the immediate start on the domestic production of rubber based pri-
marily on guayule, though other crops such as kok-saghyz, goldenrod,
and eryptostegin were also given attention. The potentinl area of
and suitable for guayule cultivation was deseribed by K. W, Taylor
{248}, aned Tysdal and Rands {24.2) deseribed guayule cultivation in
relation to agricultural development in the Tnited States.

As quickly as possible after eongressional authorization was ob-
tained for the organization of the Emergency Rubber Project, the
Depuartment placed the Forest Service in charge. Chris Granger,
Assistant (Chief of the Forvest Service, was given immediate responsi-
bility for the organization and operation of the project. His executive
olticer was Gordon Salmond, and Evan W, KelIl)y, a regional forester,
was made director of the guayule operations, Paul H. Roberts
served as assistant divector and later succeeded Mr. Kelly as director,
Congressional action and the purchase of the domestic properties of
the Intercontinental Rubber Co. were not completed until March
L2, Yet the fiest nursery and field plantings were made by the
Emergency Rubber Project that spring and summer. This was not
just a token planting to show that the project was underway but
was a major planting program, feld planting being limited only by
the available nursery plants obtained from the Intercontinental ﬁub-
ber Co. Gross and Perry (1/4) described the organization and oper-
ation of the Emergency Rubber PProject.
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Nursery operations by the Emergency Rubber Project

To prepare for the planting of guayule nurseries, the Forest Service
imported large quantities of snow fence, then unheard of in the
Salinas area, ro protect the nurseries from drifting sand since the
planting of live windbreaks would be too long delayed. Large quanti-
ties of sand were accumuluted as cover for freshly planted seed
(B 5). 2\ special building was coustructed with bins for the pre-
germination of seed to be planted in the new nurseries, All available
overhead irrigation equipment was obtained.

Roberts (/86) states, “Company sowing practices were used in the
L9342 spring program. The sand that was used to cover the seed after
i was placed in the seedbeds was screened, washed, and kiln dried.
Large gand bunkers were necessary to protect the dried sand from
excess moisture. The necessary 3,500 tons of dried sand were difficult
to secure and transportation to the nurseries was expensive.”

Nursery practices were improved considerably in successive cam-
paigns including development of improved planting and cultivatin
equipment, reduction in the number of irrigations, use of stove oi
and special spraying equipment to reduce weeding costs, and elimina-
tion of expensive pregermination procedures, %eseurch conducted
during the Fme of the Bmergency Rubber Project indicated that
row irrigation could supplant the overhead irrigation considered
essentinl by the company. Planting seedlings in a single row on each
side of a Furrow (fig. 6) wus tried and later adopted as standard
practice in the post-war plantings of guayule.

[# was thought that it should not be necessary to keep seedlings in
the nursery for o full year before transplanting into the field. An
attempt was made to double nursery production by planting twice
@ year. Fall transplanting of guayule in the Salinas distriet did not

A owr Do
__',.—" '&“'&"?' 3 ,’&L ‘

Prgere S——{luayule seoder 2f work, Thix machine planted a 4-foot nursery bed
with xeven rows, and covered the seed with sand.
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el RE Go=Napsery plantings of giyule slong the sides of irrigation furrows.

prove feasible and this progriun wos abandened. Tt was vecognized,
however that nider suitable conditions it would be possible to L\paml
pli m!mu« guidte mpidly by oransplanting both (all and spring, Full
plantings, however, would weed supplomental irvigation to becoms
estahiished,

Field operatiens by the Emergency Rubber Project

Roberts C28G) staies, *The need Tor nimost speed in the production
of the wreares [m“lhh' anmowunt of rubber required that, in the begin-
ning, the FEmergency Rubber Projoct follow the practices of “the
Intereontinental Bubher Coo and the adviee of Dy MeCallun, who
Baed Doen heawd of the company’s e ‘f;minwm.tl worle in ihe United
States Tor a fong period of yeaes, with respect to grounl preparation,
planting, and cave of {leld plantations.”

Before the ond of the war and the liquidarion of the Emergency
Rubber Praject, new practices developed by the project beeame stand-
ard and new mnchinery and equipment replaced vthat developed by
the company. The extent of these changes s indieated 1 o note re-
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ceived from J. T, Byrne® of the Forest Service in n review of the
present veport. Alr. Byrne stures, “Considerable improvement was
made in gonaynle culture by the [miergency Rubber Project.  Masy
methods of seed treatment, elimination of pregermination of seed,
andl the use of sandy loam For mirseries rather than heavy soils recom-
mentled by the Intercontinental Rubber Co., led to the abandonment
of costly duckboards for nursery operation; mechanizarion of prepa-
ration of nursery soil to eliminate several operations thought to be
needed by Intercontinental Rubber Co. scientists; fine-grading of
plantation liekds belove planting eliminated water wastage and plant
killing: the development of a “rectangular contonr” method of irriga-
tion of steep lands to get betfer water distribution; ('.DllSi(lQl'ilEIy
improved method of seed collection; weed killing in nurseries and
plntaticns by ol emulsions eliniinated thousands of laborers; the
development of plantation machines; and careful selection of planta-
tion sites by skifled soil sctentists, all greatly improved the technology
of guayule piant produetion.”

These cultural improveneats are ilustrative of the many changes in
procedure instituted by the Emergeney Lubber Project, and adopted
as standdard practices in the nursery und Held operations. A major
contribution of the projeet was the development of standasd practice
guides based on the best available information, and the institution of
these standard pracrices in tield operations.

CROP RESEARCH

Agronomy

Gruayule is a difficult crop to sample and compare. Because of
major dilferences in shape, size, and composition of the individual
plants and uneveness of most stands, the single-plant sample could
nol. be considered representative of n plot, and eiforts were made to
perlect the sampling techniques to assure thar the results of compara-
tive tests were trne. Muelt effort was put info devising sampling
leehnigues that would be reliable.  Fedever (£3) made statistienl con-
parisons of samples of various sizes and coneluded that the optimum
gizo of sample would be 12 plants, § replieates would be necessary to
give a variety mean For percentage of rubber, wnd 27 rveplicates would
be necessary fo rive an adequate estimate of the standard error for
dry weight of shrub and grams of rubber. While samples of this
size mud replications of this naenitude were not possible in the guayule
research, this paper is importanr in pointing out the difticulties of
sampling and comparing guayule.

Soils

When rhe Emergency Rubber Project was started in 1042, comparu-
tively liftle was known about soil 1‘('(|]11i1'0|110nls. Because of pressure
fo produce as wueh rubber as pessible in the shortest possible time,
extensive soif surveys were immedintely gotten underway.

* U'npublished epmmuniention.
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Youngs (232, in a reconnaissanee survey of soils in the Saeramento
Valley of Calilornia and adjacent arens, made a tentative classifica-
tion of rome of the more important soils as to snitability for growing
guayule.  Tlis evaluation of soils was based on structure, drainage,
presence of elaypans and havdpans, height of water table, and other
Puetors,

Vessel (244)* made a detailed survey of soils in the Tracy-Newman-
Los Banos-Mendota area in the south-central part of California in the
San Joaguin Villey 1o locaie available areas suitable for growing
guayule.  Approximately 943,000 aeres of land were surveyed. He
dividedl the soils into the following five clusses with respect to
suitability :

“Class I soils are well adapted to guayule, They are coarse to
medium fextured, loose, permeable, friable, productive, and well-
drainett throughoul.  They occur on recent and young alluvial fans.
The Mocho and Sorrento line sandy loam, loam, and silt lonm are in
this group, as well as Esparto lonm.

“Chass 1 soils nre less desirable for guayule than Class T soils
heeause of finer surfice textures, gravel, or less permeable and more
compaet subsoils, They ocene mostly on recent or young alluvial
Fans aml, to o lesser extent, on old alluvin) fans. Included are the
Mocho, Sorrenin, and Punocho gravelly or sandy loams and clay
lowms, Lsparto gravelly lonms, and Lost Tlils Toam, silt loam, and
clay lonms.

“Class TTE soils ave questionable for guayule because of slow inter-
nal dininage, tine surface and subsoil textures. or sandy or gravelly
lextures.  They oeeur on the outer edges of recent alluvial fans, inter-
Fan areas ofd alluvial Tans, and old valley terraces. Tneluded in
this grou s are Sorrento aid Mocho elays, gravelly lonmy sands, Rincon
elay loams, Ambroso elay loam, Esparto gravelly sandy loam and
clay loames, and Plensanton loams and clay lonms.,

“Class IV and Vosoils are unsuitable for guayule beeause they have
slow huternal drainage, fine surface and subsoil textures, steep topog-
ritphy, are subject to frequent overflow, or possess excess alkali. They
oceupy old alluvial fans, old terrares, and basin areas. Some of the
heavier types of the following series are represented in these classes:
Ambrose, Rincon, Lost 1Milis, Pleasanton, Positas, ITerdlyn, and
Detiverton.”™

Duothis seil reconnaissanece some 27,000 acres were classifed as
Class 1 soils, 134,000 as Class TL 126,000 as Class 1L and the remain-
tler {63,000 aeres) as Classes LV and 'V,

Approximately 30,000 acres of guayule were planted in Californin
nder various elimatic and soil conditions. Smaller ncreages were
planted in Arizona, New Mexico, and Texus.  Retzer and Mogen (/84)
studhied 1-, 2-, and 3-year-old planiation guayule to determine the
elfects of different soil types on shrub growt!i and rubber content.
Most soils in the guaynle belt (eentral valleys, central coustal areas,
and southern part of California: southern Arizona; southwoestern
and southeastern New Mexico: and southwestern Texas) have o mod-
erito 1o high level ol natural fertility, few being considered poor for
farm crops.  They ave commonly low in organic material and nitro-
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gen as compared with soils of the more humid rvegions of the Tnited
States. Most of the soils are ealeareous or have n neutral venction,

These studies included 61 sites representing 34 soil (ypes and 10
phases of svil types.  The soils represented seven of the major profile
conditions oceurring in the guayule belr: (1) Good agricultural soils,
12} elay surfuce and clay subsoils, (3) sand and mavel surface and
subsotls, (4) sand and gravel subsoils, (3) soils with elaypans, {6} soils
with havdpans, and (7) =oils with high water tables.

Good agricultural soils, Soils of this nuture—good in the ordi-
mary agricultural sense—have nearly idenl moistare I'(}-lil('i(lllslliﬁls und
will produce in 2 yeurs o uniform stand of guayule having a height
of approximately 18 inches and nearly orcupying the space between
2¥-inch rows.  Rools of 2-year plants were found at a depth of 19 teet
in Sorrenfo loam,

Caleulated yields of 2-year sheub from irvigated fields averaged 52
percent greater than yields From drylund flelds. The rubber content
of the dried shrub From trrigated fields, avernging 6.85 pereent, de-
viated widely and reflected the effect of irrigation pructives, such as
uantity of water and the time and number of applications. There
wasan inverse relationship between shrub weights and the percentages
of rubber in the dried shrub. Shrub yielding at rates below 000
pounds of sheub per acre averaged 9.78 percent rubber; that yielding
at rates between B0 and 7,000 pounds of shrub per acre averaged
7.592 perceni rubber: and that yielding at rates above 7,000 pounds of
shruly per acrve averaged 3-bE percent rubber.  Yields of rubber from
Z-year shrub on irrigated land were estimated at 330 to 630 pounds
[)L‘I’.' acre,

‘The rubler content of the dried shrub and that from deyland fields
averaged 7.08 pereent. Deviations from the average were small,
indicating that physiological response was not greatly influenced by
cultural rreatments. Sheab yield ranged from 3,000 to 4,000 pounds
per acrey and the estimated yield of rubber varied from 250 to 400
pounds per acre.

Clay surface and clay subsoils, ('lay soils are not usually recom-
mended for guayule because of dificulty n weed rontrol, high disease
hagards, and peor drainage.  However, guayule may do well on very
Frinble, calenreous, clay soils with good structure. The average rub-
ber content of shrub in three felds that were studied was 10.28 percent,
or 2 pereent higher than shrub on good agricultural soils used as
vhecks, but the plants were small and more rubber was produced per
acre on the gond agricultural soils.  Estimated yields ranged between
2530 and B0 pounds of rubber per acre Lt were usually lower than
estimated yields of good agricultuml soils.

Sand and gravel surface and subsoils. These soils are charac-
terized by very poor moisture relationship and are often of very low
fertility. Owing to low moisture-holding eapacity, frequent” ivri-
gations are required. This results in rapid and succulent growtl.
Any quick changeover from low- to high-moisture stress results in
death or damage since the plants are not able to change physiologically
to meet the sudden stress. Root penetration in all enses observed was
related to the amount of fine soil material present.
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The rubber content of the shrub averaged 8.79 percent of the dry
weight but the yields were very low Decause of the small size of the
shrub,  Estimuted yields for 2-year-old irrigated shrub ranged from
100 to 200 pounds of rubber per acre.  Production of rubber on these
soils without irvigation was considered impractical,  The quantity of
shruly and rubber produced under irrigation depeuds upon the fre-
quency of irrigation, lauge yields ave difficult to attain because of
the need of frequent ireigations, which also add to the cost of pro-
thietion,

Sand and gravel subsoils. _\lthough these soils occur extensively
through the guayule belt, they seldom oceur in large, continuous areas.
The size of the 2-year-old, irrigated shrub depended upon the depth of
the surface soils, The shrub ranged in height from 10 to 12 inches and
in spread, from 13 to LG inches, Plants grown without irvigation
runged from 6 to 10 inches in height and from 8 to 12 inches across.
Roots were rarely observed to penetrate more than a few inches into
the sand and geavel sulseils.

The irvegularity of the physical makeup of these soils was reflected
in the highly ivregrular vubber percentages of the plants from irrigated
lieldz, which vanged From 3.05 to 1036 as compared Lo 5.29 and 6.51
for the planes grown without irvigation. The rubber yield from irri-
wated, 2-year shrub was estimated ot 150 o 300 pounds per acre,
while that of nonirrigated shrub was estimated at between 20 and 100
poutds per acre,

Soils with claypans. These soils cecur extensively throughout the
guayule belt,  They are characterized chiefly by poor drainage.  Sut-
urated conditions of the upper soil layers caused by winter vains and
heavy reigations often resulted in death or damage to guayule roots.
Thase plants that did survive usunlly had penetrated the claypan with
thick, seantily branched roots which, in turn, branched again after
reaching more favorable soil conditions below. In some cases, the
development of a shallow reot system rather than o deep, spreading
one enabled the plants to suevive.

Only one field with a elaypan subsoil—near King City—was irvi-
gated, In addition to ellective raintall, four irvigations were given,
mnking u total of 388 inches.  Rubber percentages were very high,
averaging TEL pereent, bul the small size of the plants resulted in
fow rubber yiekds, The four rrigations given did not increase the
ruber yield as compurved with nonirrigaied fields. Both the rubber

pereenfage and sheoab weight indiented a degree of stress similar to
Cthat of nonireigated shrub. The dense elaypan, having a high mois-
tare-holding capacity wind a corvespondingly high wilting percentage,
apparently supplied moisture slowly and under high tensions, and
produeced high rubber percentages under stressed but continuous
growth.,  Estimated cubbuere yields for irrigated and nonirrigated 2-
voear shenh ranged From 20 (o 200 pounds peracre.

Seils with hardpans. Tlardpans in the subsoils are very extensive
i the guayule belt and aceount for ihese soils being unsuitable, or of
littte value, For most furm erop=. . These impervious subsioils are found
[aregely an the san Jonguin, Madern, and Exeter soils in Calitornia.
During rainy seasons or alter heavy irvigations, the seils ubove the
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hardpans become saturated and often remain in this condition for long
periods, except in the Exeter soils where the hardpan is often discon-
tinuous, permitting internal drninage by laceral Seepge.

Two-year plants on Exeter soils were 11 inches high and from 9 to
13 mches wide. Most of the roots were near the surface of the soil,
often matted on top of the hardpan, where most damage occurred from
saturation. Since most of the motsture must come from the shallow
surface, frequent and Hight irrigations were necessary.

The rubber percentage of shrub grown on Exeter soils was in the
medium range but higher than on most fields in the Bukersfield area.
‘The low yield and small size of the shrub was charncteristic of shrub
grown under considerable moisture tension. Rubler yield of 2-year
nrigated shrub was estimated at between 100 and 200 pounds per acre,
A high mortality might occur anytime between the establishment and
harvest of the shrub in areas of high winter rainfall,

Soils with high water tables. High and fluctuating water tables
are found in small areas throughout the guayule belt, and are often
created by overirrigation or by seepage from irrigated lands at higher
elevations,

The effect of water tubles on wuasnle was studied in two fields near
King City, Calif., where high water tables were considered permanent,
but Huetuated in depth during the year. In one of the felds, with a
water table of 48 to 60 inches, 2-year plants were 17 to 19 inches wide
ad 15 to 17 inches high; in the other field, with & water table of 82
to 108 inches, the plants were 13 to L7 inches wide and 13 to 15 inches
in height, I.nc'luthng rainfall, the former field received 54 inches of
water and the latter, 62 inches. Roots were not observed below the
moist fringe above the free water.

Although the rubber percentages of the dried shrub were nearly
equal in the two fields, they were considerably lower than those of com.
pavable shrub in the Salinas Valley on good irrigated soils. The shruly
weight was higher than in any other field sampled in the entire valley,
The high water tables undonbtedly permitted continuous growth
without the benefit of summer moiSture stress necessary for rubber
storage, thus eausing the plants to behave as would those under con.
Linwous irrigation, Water tubles remaining at or near the soil surface
tor 2 few days or more would kili or severely damage gnayule, espe-
cially durving the hot summer months.

Dortignac and Mickelson (83)* studied the effects of continuous 501
moistare in the Salinas Valley following winter rains on Chualar
towm, Bryant loam—shallow phase, and Bryunt loam—deep phase.
‘Tliey Found that the mte of growtl and, in some places, the death of
guayule were divectly related to soi) profile characteristics and asso-
clated moisture conditions.  The plants found on Chualar Tonm were
larger and more rapidly growing than those on Bryant loam, either
shallow or deep phase.  Chualar lonm is well drained and is permenble
throughout its profile so that the roots penetrated easily. It hasa high
infiltration capacity 1o a dopth of 6§ feet. Dot ignac and Mickelson
noted that plants grew slowly on the Bryant soils because of the im-
permeable elaypan, and that the shallower the claypan, the slower the
plants grew.  Indications were, however, that the entire root zone had
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to ba saturated before considerable numbers of plants were killed by
suffocation.

Observations by Mickelson and Mogen (762)* also indicated a direct
reintionship between soll properties and piant growth in the Salinas,
Balkersfield, and Colusa lDist-'t'it:ts. Plant size was always directly
correlated with the depth of soil overlying clauypans and hardpans.
The deeper the soil, the more vigorously the plants grew. The fine-
textured soils, such as the silty clay loam and clay loam series in the
Colusa area, were difficult to work in rainy seasons. Seoils in which
root penetration was easy and water-holding capacity was high pro-
duced the largest plants. In the Salings area, most of the plants in
low or poorly drained soils with & high ¢lay content were killed by
sutfocation from standing water,

In 1951, plantings for producing nursery stock under irrigation by
the Guayule Scedling Stockpiling Project in Texus were made on at
least seven soil types (45).* The two outstanding soil types for seed-
ling production were Uvalde silty clay loam and Regan loam. It was
especially difficult to keep clay soils wet enough to obtain and retain
stands during periods of high temperatures. Charcoal rot, especially
on clay soil in one areg, caused high mortality when the plants needed
water. Difliculties were encountercd in obtaining proper subirriga-
tion of secdbeds on Frio silty clay loam.

Climate

Soils, soil moisture, and irrigation practices can be manipulated to
inerease yields of shrub and rubber.  (limalic factors, on the other
hand, do not lend themselves to manipulation, and affect not only the
rubber content and growth ol shrub, but also field produclion,

MeCallum (752) noted the effects of variations in scasonal rainfall
distribution on rubber aceumulation in experimental plots extending
from southern Texas to California, and found the coastal regions of
California particularly tavorable for dryland guagule. Here, the
rains fall during tho winter and carly spring months with none during
the summer months.  Guayule could be planted in winter and early
spring, the winter moisture being sufficient to allow the plants to
aitain considerable growth each year. Ilavvestable plants, 4 years
old, had used up the moisture and stopped growth in early June, fore-
ing the plants to undergo stress and to accumulate rubber doring the
remainder of the season.

The expanded program of the Emergency Rubber Project during
World War 11, requiring the planting of large ucreages, necessitated
the selestion of areas outside the Salinas Valley. ITxtensive plantings
wers made in the Sacramento and San Joaquin Valleys of Califormia.
Indicator plots were established in Californis, Arizona, New Mexico,
and Texas to determine, in addition to other factors, the elimatie
adaptability of guayule.®

*These indicator plots were located and supervised by the Special Guayule
Research Project of the Bureau of Plant Indusiry, Soils, and Agrienitnral Bagi-
neering ay part of the researel progrim of the Emergency Rubber Project.
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Swenson and Bullard (272)* obtained climatic data in the arens
where guaynle was grown and outlined the acceptable limits of shrub
growth, Bullard (4Z) later summarized available knowledge con-
cerning the relation of climatic factors to both shrub behavior and
rubber increment and defined the climatic limitations in guayule cul-
ture according to the latest information.  On the basis of these studies,
they prepareﬁ a map (fig. 7} showing the geographical loeation of
ihe “guayule belt” in the Southwestern States.

Bullard concluded that:

1. The mostr critical aspect of temperature for guayule growth is
the minimum temperature and that guayunle should be grown in arens
where the minimum temperatures do not drop below 15° F. unless
the winters are dry and the plants are normally in o dormant con-
dition for a considerable length of time before the minima occur.
Guayule in & completely dormant state has withstood temperutures
of zero degrees F. without injury. The plant makes its best growth
around 90° to 100° F. Mean temperatures should be above 535°.
Growth is slow and mortality may be high at mean temperatures
below 60° F.

2. For dryland culture, the annual rvaintall shoukl not be under
15 inches. A minimum of 11 inches is satisfactory in areas with cool,
foggy summers such as occur in the coastal \'n%(le'ys ot California.
PLrecipitation up to 25 inches per year is satisfactory. Areas of
higher rainfull of year-long distribution produce large guayule with
low rubber.

3. While Arizona and California have a winfer vainy season in
common, Arizona has in addition a late-summer rainy season. In
New Mexico and western Texas, the heaviest rainfall occurs in Sep-
tember, the principal wet season oceurring between July and Octo-
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ber. The winters are quite dry. Southern Texas is characterized
by moderately high precipitation with peaks in May and September,
and there may be considerable rain in any month of the year. Colder
winters occur in New Mexico and Texas (except in the extreme south-
ern part) than in California and in Arizona. New Mexico und Texas
are also windier. Humidity is lew except in southern Texas and
the coastal area of California.

+. Under dryland culture the largest shrub, having a relatively
low rubber content, was grown in southern Texas where vegetative
urowth continued almost” the year avound. Under irrigation the
largest shirnh was grown in central Arizona and in the central valley
of California.  Shrub having the highest rubber percentage was grown
without irrigation in the coastal aven of Californin. However, the
high rubber concentration did not always compensate for the high
yield of shrub grown in the central valley.

5. For dryland culture, it was desirable to have a supply of mois-
ture at the beginning and during the first half of the growing season
and also to have a (Try period at least 2 monthg’ duration each year
before the cold season.

6. In o windy climate, sandy soils drift easily and present erosion
problems when the plants ave young. In a wet climate, waterlogged,
heavy soils may suffoeate the shrub. These soils are also dificult to
worl for a considerable length of time when they arve snturated.
However, the moistive-holding capacity of heavy sotls, together with
the rate at which moisture is made available to the shrub, may make
them highly dosirable for dryland culture. In a climate of high-
intensity raintall, very light soils may provide serious erosion hazards.
In u climate of limited rainfall, very light soils may also be undesir-
able becanse of their low moisture-holding capacity. Soils with clay-
pans and hardpans, or soils having highly permeable Tayers at shallow
depth, are greatly affected by the amount, intensity, and duration of
raintall.

Jenkins (/34)* also made a study of the effect of low temperatures
on gunyule, and made observations during & 3-year period on the
renction of guayule to cold in the Texas and New Mexico indicator
plantings.  Although these observations did little more than show
(rends in cold tolerance, his generalized conclusions were:

1. ‘T'he degree of injury is in inverse ratio to the degree of dormaney.

2. Hligh soil moisture does not appear to be a primary hazard if the
plant is dormant,

5. The determining factor in winter survival appears to lie in the
temperature pattern that exists in Iate fall and exrly winter; ie, a
wradual and progressive onset of lowering temperatures provides &
ligh degree of protection regardless of the presence of high soil
molsture.

4. Especially hazardous areas ave those subject to “winter warm
spells” with temperatures high enough to induce plant growth which
in turn are followed by freezing temperatures.

5. What wonld appear fo give the plant fhe greatest msurance
against winter injury is a climate pattern in which a fall dry period
coincides with o gradual but progressive temperature deeline.
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6. With comparable temperatures and variable soil moistures, the
degree of injury appewnrs to be in direct rafio fo the amount of
moisture.

7. It would appear that the minimum temperature at which injury
occurs is a fluctuating point whose value is determined by the fall
and winter weather pattern.

8. In irrigated arveas, where there is little or no rainfall in the
late summer or fall, dormancy muay be controiled by withholding
irrigation, thus protecting the plant from injury by cold.

Bullard (4/) studied the relationship of cultural practices to climate
and concluded that “whether . given planting area will be dey-farmed
or irrigated, of course, depends on the normal precipitation of the
area.  Varviabihty in seasonal amounts and distribution through the
year must be considered together with the average values. Drought
Frequency miay have somie bearing on type of culture: perhaps more
on planning shrub conditioning.  Storm frequency will determine
the probable number of days for planting and cultivating and harvest-
Ing operations. Length of growmg season and frost occurrence affect
ircigation practice. Tempersture and rainfall must be considered in
cotmection with weed, pest, and disease-control measures.  Long-term
climatic trends, with respect to both rainfall and temperature, may
determine whether or not an area can be devoted to guayuie culture
over u long period. The project period, in which trial plantings of
guaynle were made over a large wrea, coincided with the warmest
part of a long-time climatic eycle; in the coldest phase of such & ¢ycle,
many of the otherwise suceessful plantings might be killed or greatly
retnvded by cold. Similar consideration must be borne in mind with
vespect to dry-land culture and long-time precipitation cyeles,”

Irrigation

The effect of irrigation on rubber production has been the subject
of intensive study since it is one of the chief cultural factors influ-
encing the yield of rubber.  The Intercontinental Rubber Co, suffered
many disappointments in their work with rubber production under
irrigation. ‘They could obtain lurge toniages of shrub under irrigation
in California. \rizona, and Texus, but low concentrations of rubber
vesulting from forced growth, greatly increased harvesting and mill-
ing costs. Their observutions, and those of wartime and postwar
agencies have indicated that, in general, conditions favoruble to
nmaximum growth adversely affect the accumulation of rubber. Al-
though the per-acre yield of rubber may be increased by irvigation,
the cost, together with increased costs of harvesting and milling,
ordimarily would not justify irrigation except where the urgent de-
mand for rubber and the element of time are the determining factors.
Since guayule grows best on light soils that are susceptible to erosion,
special methods, such as the use of the headland devised by Davis
(80), were advantageous in irrigating guayule.

Kelley et al. (£47), in their study of moisture stresses in nursery
plantings, noted that low moisture stress produced lush plants with
a lower vubber content than those grown under high moisture stress.
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Tingey (227}, inan experiment designed to show the effects of spacing
and irrigation, noted the same trend after 21 and 33 months from
seeding, Tleavy irrigation {irrigating when approximately 50 per-
cent of the available soil moisture in the frst foot had been depleted)
gave u cousistently higher yield of shrub than a low level of irriga-
tion {(no irrigation the Rrst season and only one the second). The
low tevel of irvigation wave a consistently higher percentage of rubber
in the sheub than did heavy irrvigation. However, shrub receiving
light irvigation {irvigating when all the available moisture had been
depleted to n depth of 3 feet), while intermediate in shrub yield and
in percentage of rubber, gave in general, the highest yield of rubber
per acre. To acilitate the precise determination of soil moisture in
these studies, Hunter and Kelley (744, 7134) developed specialized
technigues for recording s0il moisture and for their control ut various
fevels bonewth the surfuce.

In H-month-okl guayule sampled on March 1, Tingey and Foote
(227} noted tht the maximum rubber production was obtained with
one Full ierization and Fertilizer. Fail-irrigated shrub yielded at
the yute of 213 pounds of rubber per acre. Nonirrigated shrub
vielded ut the rate of 161 pounds per acre.  Plant spacing was 28 by
H) inches.

Olsou (/17.2)* and Rorty (£99)* reported on the comparative yields
From 2- to 3-year-old gunyule grown with and without irrigation in
the Salinas Valley. Bullard {49)* summavized their findings, and
notedh that it was not until rather late in the study that the lack of
significunce in the results was fully appreciated, so that some of the
trends brought out and some of the tentative conclusions reached
are not properly founded.”  Although there were deficiences in their
conelusions, nevertheless some of their results ave important.  Irriga-
tion greatdy incereased the yield of rubber per acre, although it pro-
vided farger plants containing a relatively lower percentige of rub-
ber.  Rubber from 3S-year-old shrub had a higher tensile strength
tan that from 2-yewr-old sheuh, There was apparvently no ditference
in tensile strength of rubber produced by irrigated, and by dryland
shirub. There was o drop in rubber content in May and Jane during
the scason of avcelerated growth.  Moisture stress, caused by close
spaeing, high survival, or withholding irrigation, tended to increase
the rubber vield. The highest yields were obtained from 3-year-old
shirndy irvigated the fivst 2 years only.

[Tunter and IKelley (474) con(fuc‘('ed irrigation experiments with
2-yenr-okd guayule on two soil fypes, the Delund sandy loam and
the Sorvento siley elay loam, in the San Joaguin Valley of California.
Five moigture levels, ranging from very high to very low, were main-
ained on ench soil type between April and October of 1944, In-
creases in shrub weight ranged from 1,000 to more than 10,000 pounds
per acre during the year. Increases in rubber yield ranged from
198 to 630 pounds per acre on the sandy loam and from 350 to 515
ponnds on the silty clay foam. The highest yields of both shrub and
rubber were obtained on the sandy loam soil at the higher moisture
levels. The highest yields of vubber were oblained on the silty elay
foam at the lowest moisture levels. They found a possible explana-
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tion for this diserepaney in the differences in motsture charscteristies
of sandy and elayey =oils. The available witer in samdy soils is held
at lower moistare teusivas than in cluyey sotls. thus permirting the
plants to absorh more water and to grow more vigorously,  The elfect
of moisture-holding espacities of varions types of soilz on shrub and
rubber production s discussed i the sectton dealing with soils
oo 16-21).

Retzer and Moven (/54 found that ol differences were dominant
factors tn influencing the yvield of rubber per sere, and that these
ditferences were prinarly assoclated with variations in soil moisture
stress in Uwe Lypes of soils they studied.  Lesser but imiportant vari-
attons in the quantity of rabber produoced per sere were associated
with the feequeney and quantity of lerigations. From a survey of
the plantings wade by the Fmergency Rubber Project. they con-
cluded thay the highest rubber percentaves were obtatted as a result
of frequent but moderate periods of moisture stress and that the
fowest yields resulted from shrub peemitted Tash growth under low
moitsture steess, Thelr study indieated that the best compromise
would be 1o produce shrub having w rubber content of 7 to 9 percent
by weight and 3000 1o 7000 pounds of dey sluub at 2 years of age,
which conld be obtained on good soils with the addition of 30 to 50
iuches of water,

Dovtignae and Mickelson {84} deseribed the dryland production
ol gnayule in Californin, and Dortignae {82) discussed the response
of guayule to soil molsture in deyland farming in California,

('ultivation

Conditioning nursery steck for transplaniing. Tn the Salinas
Valley, the vonunon practice of the Intercontinentad Rubber Compuny
was (o keep punyude nursery seedlings supplbied with abundant mois-
tare during the <umner to manintain good growth untd) eavly fall and
then withhold ferigation (o allow fthe seedlings to be havdened by
moi~ture stress during the rest of the fall, and by low temperatures
during the winter, Transplanting to the lield was done in late winter
awd early spone. However, the brge transphuaing program under-
taken by the Fmergeney Rubber Project necessitated extending the
srsphuing period over 2 major portion of the vear, Survival in
these staads varied considerably (from 30 1o 9 pervent) even under
favorable 201l and mowsture conditions, and the rate of growth resump-
Fion was, at fies, irregular,

Witk this inview, Keleyv ef al. (747) vondueted experiments to
determine the effevts of soll moisiure stvesses, ranging from very high
to very low, on the sumount and Lype of growrh in the norsery. and on
the after-teansplanting growth responses of guavule musery stoek at
all =ewsons of the year, '

The nursery beds were seeded on June 3, 1983 Prior to weding, the
~otl wis wet to a depth of at Teast 6 feet by rriention to supplement
any deficieney after the winter mins. The experiments were designed
to grow seedlings under the following five ranges of soil-moistuze
BEreRses:

Treatment 1, between the fiold eapaeity and a fension of 850 em. at
G-inch depth (very low moistore stress).
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Treatment LI, becween the field capacity and a tension of 850 cm.
at I2-inchodepih,

Trearment 111, between the field capacity and the wilting point at
G-ineht depth,

Treatment IV, between the field capacity and the wilting point at
12-inch depth.

Treatment V) regardless of the moisture stresses developed, the
plants were to receive no water after they were well established (very
igh moisture stress).

Treatmeni V plot received no irrvigation after July 13. Identical
moisture treatments were given (o all plots wneil July 13, when the
plants were considered well established. The differential moisture
trentinents were begun at this tine and discontinued September 14.

Changes in moisture content were followed by means of oven-dried
samples, Hichard's tensiometers, and Bouyoucos plaster-of-paris
blocks.

Nine feld trausplantings were made at intervals from September
1913 10 July 10EF to determine survival and growth with relation to
the previons moistire treanments in the nursery. The plants were
topped o within 11, to 2 inches of the crown, and all leaves were
removed.  With the exception of the Fourth and fifth transplantings,
the plants were transplanted to relarively dry soil and irvigated within
24 howrs. The Fourth and tifth vansplantings were made during the
riiny ~eason, and the plants were not Irrigated.

The first teansplanting was made September 29, Thirty-five days
Luter 95 percent of the plans of treatment Vo (grown under high
motsture stress) showed new 2hoots or leat growth and were growing
vieorously, whereas only 19 percent of the plants of rreatment I
{rrown under low motsture stress) showed any growth, and then only
a fow binds were evident,  Renewed arowth wus observed on 60 to 70
pereent of the planis of the other three creavments.  There were no
sprnifieant differences between the latter treawrments until survival
connts were nde on the LUt day, atc which rime, and at all subse-
quent eountings, Lhere were sigmifieant ditferences between trentments.

The seeond transplanting was made on October 22, After 15 days,
counts ilicated that new growrh [or treatment Vo owas significantly
hiehir than for any of the other rreatments. Survivals in treatments
(11 and [V swere stenilieantly better than in reatments T and II,
When cotnted alter 263 days, the survival values for rreatments [to V
were i the ovder of 22, 33, 35, 56, and 93 perceat, respectively.

The thivd transplanting took place on December 1. Atter 14 days,
only 0.F pereent of the plants of treatment I had shown evidence of
new wreawth, while 32 pereent of the plants of reeatment 'V had re-
sumed growth. A all countings after 127 days, the survival values
for treatient 1 were significantly lower than those tor any of the other
brentment= At 13 days and thereafter, the values for treatment V
were alwavs sienificantly higher than for any other treatmient.  After
200 diys, the values for freatments [to Vowere 53, 68, 78, 71, and 92
pereent, respectively.

The fourtl transplanting irind was made on January 25. Twenty
days later, only U5 percent of the plants of treatment [ had vesumed
aronth, while 24 percent of the plunts of treatnient ¥ had new shoots
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or Jeaves.  After 142 days the survival values For treatments I to V
were 81, 88, 80, US; and 42 percent, respectively. A all countings, the
survival vulues for treatment V7 owere stgnificantly higher than for
treatment I

The fifth (ransplanting was made on Mareh 8. One montl lacer,
23 pereent of the plas of rreatment 'V ohad resumed growih.  Sur-
vival in Creatment I, vesulting in 77 percent new growth, was signili-
cantly dower than in any of the orher treatments. However, no
significant ditferences existed between treatments afrer 93 days.

Filteen days after the sixth transplancing, made on April 5, Treat-
ments Land V7 oresulted in 20 and 63 percent new growth, respectively.
After 103 days, swevival i all rreatments except treatment I rose to
0:2-03 percent. Survival in treatment I wirth 84 percent new growth,
wus sigmificantly lower than inany other trearnent,

The seventh transplanting was made on May 3. Sixteen days later,
N6 pereent of the plants of treanment Vohad resumed growth as op-
pored to B pereent of the plants of trenrment I, After 76 days, the
survival values for all treatments had risen to 91 percent or higher,
with no significant dilferences et ween treatments.

The eighth transplanting was miade on June.2.  Fifteen days later,
i percent of the plants of treatnent V- ohad resumed growth as com-
pared to 47 percenr for treatment Land 60, 61, and 79 percent for
treatments T TTL and EV. No significant differences in survival
wero evident alter 34 days, nll values being above 92 percent.

The ninth and final transplanting was made on July 8. Ten days
later, the survival values For treatments I to V were, in that order. 10,
30, -3, 13, and 8T percent. When counfed after 17 days, the values
were 19, 53, G4, Gl and B0 peveent, respectively. Subsequent counts
were not made on this lust iransplaniing trial,

These studies, made by Kelley et al. (2471}, demonstrated clearly
that guayule seedlings grown under high moeisture stress at Salinasmay
be transplanted any time of the year wirh satisfactory results. Regard-
less of the time of transplanting, more than 90 percent of the plants
of trearment Vosurvived, and In every case they resumed growth much
more quickly and grew more vigorously than those ol any other treat-
ment,  In fall transplanrings, the percentuge of survival was much
higher for plants grown under high moisture stress, It was not until
the fanvary {ransplanting that plants of the other treatments survived
satisfactorily, and it was not until the March transplanting that sur-
vival equalled that of treatment V. Tven then, these plants were much
slower in resuming growth.  Although all of the experimental plots
were cxposed ro udentical moisture conditions after September 14,
1943, the eifects of the diflerential moisture treatments previously given
were stit apparent more than § months iater.

In thelr experiment it was evident that 1 or 2 months of “hardening™
by withholding water and by cold improved the survival of trans-
phunted, suceulent plants previously grown under low moisture sfress,
and that 4 te & months of “hardening™ were requived to bring the
pereentage of survival up ro that of plants grown under the high
meisturestress of treatment V.

Kelley et al. (7.4/} pointed out that the fact that well-conditioned
nursery stock will grow when transplanted at any season of the year is
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of great practical importance, not only for irrigated lands, but more
particulavly for ~dryland™ areas, where yearly precipitation occurs
during certuin months of the year. In such sreas it would be highly
desivable to use nuesery stock that would initinte growth within the
shortest possible time atrer transplanting.

They indicated other advaniages in favor of growing nursery stock
under high moisture stress.  The amount of irrigation water is hrought
1o a uunnnun, which in turn veduces the weed problem.  Diseases
associnted with high soil moisture are more easily controlled. Plants
grovn untler high moisture siress are smaller than those grown under
low moisture stress, which makes them more suitable for holding over
into the seeond year, should this be necessury.

Lrickson and Smith (97) conducted hield trials to determine the
extent to which guayule could be transplanted throughout the year
midder rvigation conditions ar Salinas, Calif.  Using properly har-
dened nuesery stoek, they concluded that guayule eould be successfully
transplanted during any month of the year. They found that by
withholding rrigation during rhe seeond season, nursery plants could
be held over at practically constant size and in good condition for 1
Feur or more,

Tingey and Foote (230) found that irvigation 1mmediately ufter
transplanting resulted in the plants showing quick growth. If irri-
gation was delayed for 2 to 3 months, there was no decrease in the
rexalting field srund, but the season’s growrh was diminished by the
~Slowness of renewed growth,

Physiological changes brought about in guayule ns associated with
moisture stress are dhscussed clsewhere in the present paper.

Handling and transplanting nursery stocl(. In preparation for
trangplanting, nursery seedlings were topped in pluce, undercut,
pulled, packed in boxes or paper-lined crates, and delivered to the
planting sites.

The scediings were topped to the desired height by machines equip-
ped with w sickle bar or a rotary cutter {fig. 8}, Digging was accom-
phished by passing a tractor-drawn blade under the plants at a speci-
fied depth llmlo“' the soil surface (fig. 9). In addition to securing
antform root length, undercuiting facilitated pulling by loosening the
soil nbout the plants {fig. 10).

Topping was done at various levels above the root collar. The ex-
periments of Erickson and Smith (97) indieated that removing seven-
gighths by height of the top (all but about 1 inch} was the best topping
level {fie. L1}, Smith (203) showed that, n addition to facilituting
the handling of nursery planls, topping, with resulting defoliation,
wits essontinl for successful survival, Smith (205) found that the
feaves of guayule contained an auxin {3-mdoleacetic acid} which
retarded growth when they were left on the plant. Erickson (89)
fourdd that when the relative humidity was high (95-100 percent) lit-
(e or no defolintion was necessary i ovder to obtain rooting of guayule
plants in water. Erickson and Smith showed that topping of nursery
stoek had no deleterious effects on size, shape, or rubber confent of
sheab, Rather, topping tended to result in plants with an increased
number of small branches, and a higher bark-to-weod ratio for storage
of rubber in larger amounts.
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FieURE W —Nursery crew removing undercut seedlings for trunspianting to

the
field.
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FIGURE §lo-Nursery seedlings topped it various fevels,  Seodling in center
represents whiul was considered the optinnne level
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Undercutting nursery stock 5 to § inches below the soil level was
the usual practice. Erickson and Smith found thar short roots, 5
inches or less, were less satisfactory from the standpoint of survival
after transplanting than roots of about 7 inches.

Nursery plants most suitable for machine transplanting ranged from
about 34, to 3§ nch in root-crown diameter. Closely spaced plants,
approximately 25 to 3¢ usabie planis per square foot of nursery bed
surface {the equivalent of approximately 21 linear inches of seed row},
produced the most desivable type of stock for fransplanting; these
plants had less-bushy root systems, were more sfender, less leafy and
branched and, therefore, easier for the planters to handle than larger
plants resulting From wide spacing. Erickson and Smith pointed out
that the smallegt plants In nursery stock should be disearded since
these are likely to be aberrants or genetically slow growers. Their
it mdieated that size of transplants as such, within reasonable lim-
its, didd nor result in shrub of greatly different size after a year's
wrowth,

Nursery stock was usually undercut within as short an interval as
possible Before pulling.  owever, Erickson and Smith found that
transplants tended to root better when they were topped approxi-
mately 3 duys before digging rather than at the lime of digging. The
henefit of topping shortly before digging may have resuited from an
inerease i turgor in the taproot or the beginning of lateral-bud
growth, which might increase the amount of root-promoting sub-
stunees.  The beneticinl effects, were lost liowever, when topping pre-
eeded <digring by more than 3 1o 6 days.

Hardening by moisture stress or cold before undercutting and 1ift-
ing resulted in the best survivals,  Briekson and Smith (97) obtained
a fnir survivad with partially hardened stock provided undercutting
preceded topping 7 to 14 days before lifting. Six-month-old, par-
tially hardened plants, undercut 7 days before lifting, resulted in 86.6
pereent survival as compared to 30.0 percent for the controls. Under-
eutoing 21 days belore lifting gave no hetter results than the controls.
Preundereat plants were more diffeult to top by mechanical means
than infact plants.  However, topping after undercutting was facili-
tated in fwo trials by giving at least one good watering to firm the
soil.  During warm weather, watering wus also essential fo prevent
death of the plants.

Transplanting was done with a mechanical planter, such as the
Holland celery transplanter or Kindort planter. During the seed-
stockpiling program isitiated in 1951, the performances of the Linde-
man and Tolland transplanters were compared (43). The Lindeman
transplanter (g, 12}, ]heing equipped with rubber planting wheels,
was found to be better adapted to » wider range in size of guayule
ptants.  With the TTolland transplanter, small plants often fell out
of the holier before set{ing, and the Targe plants often wedged and
locked the planter chain,  The Tlolland transplanter required the op-
erators fo synchronize the feeding with the planting chain to avoid
skips in the row, whereas with the Lindeman transplanter, the opera-
tors could vary the spaeing at will within the row, thereby reducing
the nunbev of skips.
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transplanting. ‘The company ulso investiguted closer spacings to
determine maximum produetion of rubber within a shorter cycle of 2
to 3 years. Their experimental spacings ranged from 36 by 38 inches
{1810 plants per acre) to 36 by 6 inches {20,000 plants per acre).
Olson {/77},% in reviewing their duata, which was somewhat fragmen-
fary, was able to find delinite indieations that vubber yield could be
substantially mereased by the closer spacings, within & 3-year pertod.

For nonirvigated land, the Iimergency Rubbor Project adopted a
spacing of 2§ T))' 2+ inches, since 1t wis believed that clozer spacings
would not produce as high an ultimate yield of rubber because of
competition for moisture (/36). On freigated land a closer spacing
(2% by 20 inches) was used extensively in the belief that additional
water would incerease the tonnage at the end of 2 or 3 years, since
more plants could be supported per unit of land surbaca.

In view of the need for producing the maximum yleld of rubber in
the shortest possible time, considerable experimental work on stand
densities was undertaken to obtnin move information on this importani
subject.

Reynoldy {/85)% veported the effect of spacing on shrub grown
in numerous indieator plots established duving the spring of 1942
At the end of the first season’s growth, and at midsummer of the see-
ond year, there was a preater increase in yvield of shrub and rate of
rubber per nere in 12-inch rows than in either 24- or 30-inch rows. Ie
felt that this condition might not necessarily exist in subsequent years
because of n greater increase in crown volume and shrub weight in
inerensed row spacing.

Davig (79},% in comparing rubber yields at the end of 21 months
from plants grown at spacings of 28 by 20 inches and 28 by 16 inches in
an experimental planting at Yuma, Ariz., noted & greater rate of yield
of vubber per acre om plants spaced 10 inches apart than on plants
spaced 20 inches apart,  The grand avevage of plants given three levels
of fertilization and three levels of irvigation was at the rate of 121
pounds of robber per acre in the 10-inch spacing as compared to 101
pounds in the 20-nch spacing. Ihilgeman (724},* in reporting his
experimental findings on l-year-old shrub at Gila Bend m the Salt
River Distriet of Arizona, found that 23- by 12-inch spacing produced
at the rate of 210 pounds of rubber per acre as compared to a rate of
139 pounds for the 28- by 24-inch spacing. MeceAfee nnd Miller (750),*
in un experimental planting at Edinburg, Tex., used spacings of 28 by
10 inches, 28 by 20 inches, and 28 by 40 inches, from which they ob-
lined vates of 278, 197, and 105 pounds of rubber per acve, respec-
tively, ufter 13 months of growth.

Guayule plantings for emergency production were discontinued in
the Intter part of 1043, A number of nurseries contained nursery
stock that would no longer be needed,  The possibility of harvesting
such unused nurseries for rubber production lead Kelley et al. (740}
to investigate and compare plunt densities in relation to yield of rubber.
The stands in these nurseries were sufliciently dense to permit thinning
to almost any desived density.

Aecordingly, explorutory experiments were established in the spring
of 10 at four nurseries in sourthern Cadifornin, seeded in the spring
of 1943 Two of these were in the hot interior valley near Indio.
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The sther two-—the San Mateo nursery at San Clemente and the Carls-
bad musery at Oceanside—were within a half mile of the Pacifie
Ovean.,  Ilere, the temperatures and fight intensity are lower and the
relative humidity higher than in the Imdio arex, 2 condition more
nearly approximately that of the Salinas Valley.

The plants in each nursery were grown in rows T inches apart with 7
rows per bed, the beds being spaced 56 inches from cenfer to center.
Before thinning to the desired stands, theve were 10 to 20 plants per
lHaear foot of vow. By climinating certain rows and thinning others,
sty densities were obtained, ranging from the original, unthinned stand
to a spacing approximating 2+ by 14 inches between hills, with two
plants per hill, Moisture and fertihty variables were also imposed in
these experiments, The plots were sampled when the experiments
were beeun and again between 19 und 23 months from time of seeding.

Aball four nurserie~ there was an inerease in yield of rubber with an
inerease in number of plants per acre. the unthinned plots producing
the highest vickd,  The average yield of rubber for all four nurseries
prnged From 763 to 178 pounds per acre ws the spacing was increased.
The highest yiekd of t‘llﬂih(‘i' wag obtained in unthinned plots at the
San Mateo mirsery. Wirth Jight irrigation and no fertilizer, a rate of
12336 pounds of rebber per aere was produced in 21 months from seed.
This wos aparently 1he highest yield of rubber ever reported for
guayule for a comparable period of time. More comnsonlly, rates of
2300 to HRE pounds of rubber per acre per year were obtained from field
plantings,

Kelley et al. (240} point ont that the differences between spacings
el vields might liave been smaller had the stands been thinned shortly
aftor seedling, and that the differences in yield of rubber as a result
of varintion in plant density might alse have diminished had the experi-
ment heen continued over a longer period of time.

Tingey (2273 designed an experiment in 1943 to deterniine the eifect
of spacing on rublier yield in guayule cown dirvectly in the field.  Seed-
g was done in rows spaced 28 and 14 inches apart.  Two months after
emersence, the 25-inel rows were thinned to within-the-row spacings
of 200 12, amd 6 inches, some plots being left unthinned. The 14-inch
rows~ were thinsed to 12 and 6 inches, some plots being left unthinned.
Prige to thining there were approximately 11 plants per linear foot
of row.  Fertilizer and irrigation varinbles were also imposed.

In 21 months, the t-inch, unthinned rows averaged u rate of 825
pownds of vubber per acve for all treatmenis, whereas the widest
~paeing of 25 by 20 inches (the standard spacing adopted by the
FKmoergeney Rubber Project) averaged a rate of 256 pounds of rubber
peraere. Afrer 53 months, the rubber yiclds of the 14-inch unthinned,
and the 25- by 20-inch spacings nveraged rates of 1483 and 535 pounds
oF rubber per aere, respectively, the vields for the other spacings falling
botween these two extremes.  The highest yield of rubber {a rate of
1.7 pounds per aere after 33 months) was obtained from the 14-inch,
sathinned planting with light frrigation and no fertilizer.

Direct seeding of guayule. -\ major item of expense in the pro-
duetion of guuyule rubber has been the maintenunce and operation of
nurseries nnd the establishment of field planiings by transplanting
nwrsery seedlings.  This cost, insofar as it relates to reestablishment of
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plantings, may be partially overcome by harvesting only the upper
pertion of the plants. The aboveground parts may be mowed at or
near the surface of the ground, leaving the roots in the ground to start
a new crop.  This would eliminate the cost of nurseries and trans-
planting for reestablishment of these plantings. However, the initial
planting would still require the transplating of nursery seedlings, and
reestablishment of stands after one to several mowings would need to
be by transplanting. Tingey and Clittord (229) found that at the
end of 12 to 18 months the yield of shrub and rubber from unthirned
muayule seeded divectly in the field wasg little less than the yield
from guayule planted 36 by 2+ inches, or 28 by 20 inches, and pointed
out that the suving in time by not going through the nursery stage
would be material,

The planting of guayule could be greatly simplified and the cost
reduced 1§ seeds could be planted divectly in the field. Several factors,
however, have made it extremely difticult fo obtain stands of guayule
by direct sceding, except under the most favoralle conditions. Gua-
yule seed is highly light-sensitive and, in planting, ususlly eannot be
coverad more than 14 inch without o decrease in the number of seed.
Iings produced, It is not like lettuce or celery in this respect. Seeds
of these crops can be covered as much as 1 ineh without material loss
ot emergence.  Such shallow cover mukes it difficult to provide the
congtant moisture needed for germination of the guayile seed. In
nurseries, this moisture can be supplied by overhead irrigation or by
repeated surtice irvigations. In field plantings, repeated irrigations
foussure constant moisture ure relatively expensive, even on land with
irvigation facilities. In dryland farming. plantings would be limited
to seasons when rainfall was adequate for seed germination and plant
establishment.

Dhirect seedling of gnuayule in the feld, as differentiated from close
planting of the seeds in nurseries, for the production of seedlings
for trnnsplanting has been somewhat move successtul than direct seed-
g for mbber production. Such planting is shnilar to direct seeding
For ribber pl'(!(!ll('l ton, hut is limited fo arens equipped for irrigation.
(Tose spucing of the plants in the row jnstifies the increased cost of
reignlion to atd in establishment of the planting and to assure rapid
erowth of the seedlings, Extensive production of field-grown seed-
Tings has proved superior to intensive nursery production and thus
represents a step toward field planting of seed.

Dirvect seeding for field production of seedlings. In 1913 Tingey
(224 225.% 228%) developed o method of direct seeding of guayule
i Greenfield and Bryan Joams near Salinas, Cadif,, with promising
results,  THs method eonsisted of planting seed on well-prepared seed-
beds during the snomer within the temperature ranges favorabie for
ruayule—an average maximum of 71° and an average minimum of
532 . The method of planting was similar to that for planting
lettuce. .\ Planet Jr. secder was mounted on a sledlike frame designed
to cover two beds. Seed was diilled in rows 14 inchies apart nlong the
edges of irvigation furrows spaced 28 nches npart (fig. 5). The press
wheels were offsel to avoid packing the soil over the seed, which might.
vesult in ernsting.  Seed planted no deeper than 14 inch gave the
highest emergence.




RESEARCEH ON GUAYULE: 1042-1650 37

At least two initial irrigations were required for good stands, and
eccasionally daily irvigations were required fto maintain at the soil
surface high moisture levels necessary for good emergence of the rela-
tively slow-germinating and shallowly planted guayule seed. There
was no diffevence in emergence from seeding in preirvigated moist
soil and seeding in dry soil {(924).*

Tingey (25)* showed that guayule and celery are more sensitive
th n lettuce to seeding depth and irrigation frequency. The frequency
of irrigation was partly associnted with the rate at which the three
types of seed emerged. Good stands of lettuce could be obtained in
6 days, whereas a period of from 10 to 14 days was required for pre-
germinated guayule seed, and several days longer for dry guayule
seed.  Celery requirved from 17 to 20 days. In contrast to guayule,
icttuce could be planted to u depth of T inch without showing differ-
ences in emergence. Clelery, seeded in dry soil, was somewhat lower in
emercence for the 1-inch depth.

Davis (74,* 70.* 77.* 78%) conducted further divect seeding experi-
ments in the Nalinas avea to determine the effects of tillage and land
prepavation, irrigation practices, seeding on dryland, and the types
of nursery beds best suited for field growing of transplants. Data in
these experiments fargely confirmed the findings of Tingey cited above.

Davis found that deep or shallow ground preparation for seedbeds
did not affect emergence in initially poor areas, nor did it affect the
number of seedlings emerging after diffevent numbers of irrigations.
Tsing vavious types of seedbeds and spacings, he succeeded in getting
seedlings at high density for trunsplanting, although his experiments
were designed primarily to determine the limits of spacing for use in
nursery production of seedlings under furrow irrigation. Rows seeded
4 inches apart on the bed could be eultivated by machinery.

Various atfempts at seeding on dryland usnally resulted in failures.
Tn the Salinas aves, the temperatures during the rainy season are too
low for good germination, and the summers are too dry when the
femperatures are optimum for germination.

In view of frequent failures and inconsistency of results with direct
seeding for the purpose of producing nursery transplants in the field
at the Edinburg irrigated unit in the lower Rio grande Valley of
Texas, Cowley (65)* conducted a small experiment to determine if
pregermination of seed was practical where irrigation water is avail-
able. The general practice in the arvea had been to plant dry seed, with
two to four subsequent irrigations. Cowley planted both dry and pre-
germinated seed at a depth of 14 to 14 inch on single-row beds 6 inches
high and spaced 28 inches apart. Seeding was done on January 12,
1945, with a Planet Jrv. planter, at the rate of 10 pounds per acre. The
plot was vow-irrigated immediately following the planting. One
stbsequent irrigation was applied on January 27, and 2.19 inches of
ruin fell between January 5 and February 13,

Counts were made on January 26 and February 7 and 24. These
indicated that pregerminated seod was vastly superior to dry seed,
and the emergence was far in excess of o field stand. The emergence
from the dry sced did not take place until January 18 and continued
for almost 2 months after the planting was made, whereas the emer-
gonce of the pregerminated seed was nearly complete when the first
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count was made. Cowley stated that the gradual increase in the
emergence of the dry seed was possibly the result of gradual increase
i the average temperatures during the test, Pregermination of seed
wpparently modified the influence of pre-emergence temperatures in
the field.

Later in the spring, Cowley (67)* designed u small, exploratory
test to determine the possibility of establishing nursery stock during
the hot summer months in the Lower Rio Grande Valley by direct
seeding in the field. This plot was seeded on May 25 at the rate of
5 pounds each of pregerminated and dry seed on small beds 17 inches
apart and approximately 5 inches high. The initial irrigation was
followed by eight additional irvigntions over s period of 3 months,
during which intermittent rainfall totaled 8.64 inches. The maximam
femperatures during the germination period ranged from 93° to 98° F.
Stand counts were made on June 16, July 2, and Aungust 28, The
nitial emergence of the pregerminated seed was vastly superior to
that of dry seed. Counts mude on July 2 demonstrated that seedlings
at the rate of 1,325,000 per acre could be established during the hot
season, [Losses of seedlings from June 16 to August 28 amounted to
41.3 percent from pregerminated seed and 52.2 percent from dry seed,

Taylor (2/3) mentions a later trial made by Cowley in July when
the maximum temperatures ranged from 95° to 114° F., during the
germination period. Poor results were obtained, and the stands were
$0 uneveh ns 1o mask the effects of the treatments.

Taylor (213) summarized the experiments of Hilgeman designed for
the production of nursery seedlings in the Salt River Valley in
Arizona.,

Experiments in the Salt River Valley were made on a rather heavy
clay loam soil having a feld moisture capuacity of 21 to 35 percent and
a wilting point of 10 to 15 percent, Problems of tilth in seedbed prepa-
ration and crusting during emergence in such soil apparently were
not serious.

High summer, and low winter. temperatures limited the sensons
feasible for stand establishment to spring and fall. However, fall
seedings were found Impracticul because the temperatures after No-
vember 1 were too low for growth, and the young seedlings were
highily susceptible to disease at this time. The most feasible sowing
season was late Mareh fo ke May. The maximum-minimum tem-
perature limits for divect seeding in the Salt River Valley were riven
as 100° F. and 40° F., respectively.

Best stands were obtained by sowing threshed seed at a depth of
Y4 to ¥ meh with a loose soil cover in rows located on the shoulders
of the seedbed 1 to 2 inches ubove the irrigation water level of the
furrow. Irrigation wus begun immediately nfter sowing and con-
tinued until the beds were saturated ncross from furrow to turrow,
nfter which light irrigations were given at suflicient intervals to keep
the sotl moist until the stand was established. Irrigations were then
reduced in frecquency. It wus observed that, when the primary leaves
were appearing on the seedlings, the roots had penetrated to a depth
of 8 to 10 inches. The surface soil could then be ullowed to become
dry, thus reducing damping-off diseases. Although this drying caused
n loss of some of the wealer seedlings, the loss was less than thut which
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oceurred from disease at higher moisture levels. To compensate for
post-emergence losses, a minimum sowing rate of 50 viuble seeds per
fineal foot wag recammended.

To avoid 1he effects of alkali 1n seeding beds for the experimental
production of nursery srock in the Mezilla Valley (Anthony) of New
AMexico, Davis {(77),* in the summer of 19-H, devised a bed shaper
which Formed a sharp ridge of soil with narrow, level shelves on the
two sides of the ridge abour midway up the slope and about 3 inches
above the bottom ot the hrrigation furrow. Tlhe seed was sown on
these shelves, the drill rows being 10 inclies apart on the ridge and 18
inches apart acrvoss the irrigation furrows. Thus. the water “subbed”
up ro the seed and the wicklike actlon of the soil caused & coneentra-
tion of the sults along the crest of the vidge. From seeding 32, 64, and
125 pounils of seed per acre, production rates of 513,701, 1,163,923,
and 2617938 seedlings per acre, respectively, were obtained.

Wartime experimental work thus indicated the practicability of
growing nursery stock under furrew irrigation in the field, eliminat-
ing the expensive overhead irrigation practices inherited from the
Intercontinentad Rubber Company. The growing of aursery stock
on a farge seale uicler furrow wrigation was demonstrated in 1948 in
plantings established af Salinas and at Shafter, Calif. (8). This ma-
rerial reduction In cost of nursery plants reduced the margin between
transplanting il divect seeding to the point where the advantages of
direct seeding were less obvious than they had appeared earher (7).
Furthermore, developments in reansplanting machinery permitting the
spacing of nursery stock as close as & to 6 inches apart in the row
vemoved the difliculties of securing stands of any desired density.

In 1948, FHanter {127)* established at Salinas approximately 2 acres
of guayvle planting for the purpose of determining the practicability
of srowing nursery stock by furrew irrigation. On June 2, two rows,
12 mches apart were seeded approximately 15 inch deep on low ridges
spacedd 2% inches apart.  Seeding was done with tractor-mounted
Plunei Je.seeders, at the rate of G pounds per acre of dry, threshed seed
of variety 393 (germinabilily about 13 pereent). Duly mrrigations
were given during the first 6 dayvs o insure germination.  Weeds
were largely controlled by oil spravs. Siand counts during the fall
indirated an average of 0.7 rransplantable seedlings per hnear foot
of row, the equivalent of approximately 400,000 planis per acre.

The stock from this nursery was used in January fransplanting
triads at Shabter, Calif, and o Dilley, Tex. The unused portion of
the nursery was held over in 188 as reserve planting materinl (5).
Afer 2 vears of growthe it was still of satistuctory size for trans-
planting. The eost of maintaining this nuesery throughent the second
vear was sniall, Trrigation was not required and only two cultivitions
were necessary., No hand labor was involved.

Sacisfactory  rexntts were also obtained in a twerow-irrigated,
musery-seeding experiment involving approxinately 1 aeve at Shafter,
CalitF m ke May of 18988 (Z270% Seeding at the rate of 3 pounds of
threshed seed per aere was done with Plavet Jr. planters at a depth
of 1y to 1s neh. Single rows were planted on ridges 30 inches apart,
Three furrow irrigations were given duving the first week following
seeding, and further hrrigations were given as needed. Stand counts
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made in October on unthinned plots indicated an approximate rate of
240,000 transplantable plants per acre. It was estimated that, by
planting two rows instead of oue on the ridge (thus doubling the
seeding rate). well over twice this number of plants might have been
produced. _

Preliminary nursery seeding studies were initinfed on approximutely
1y acre of irrigated land assigned to the TS, Depavtment of Agri-
culture by the Texas Agricultural Experiment Station at Wiater
Haven, Tex., inthe fall of 1948 {/27}.* Biweekly plantings were made
from September to December and ess frequently until March, Vari-
ables under study included date of seeding. depth of seeding, and
frequency of irvigation. Ml plantings were made on ridges 16 inches
apart, with furrow irrigation. Some good stands were obtained in the
November and December plantings.  Densities of 8 to 40 plants per
lineal fool were obtained where two or three irvigations were given
and dry. threshed seed planted ut less than 14 inch deep at rates of

3109 pounds per acre. .\ low temperatire on the night of Japuary 30
killed all plants except some of those in the Sepfember and October
piantings,

Test plantings For the production of nursery stock were continued
every month at rates of 6§ and 9 pounds of zeed per acre, with two or
three Terigniions (7). Summer plantings were not successful.  Jan-
uary plantings were spotty.  {rood stands were obtained in the other
months.

During the spring and summer of 1951, the Guayule Seedling Stock-
piitne Project (45)* seeded 1,153 acres of feld nurseries with row
spaving varying from ore row 16 ro 20 inches apart on 16- to 20-inch
heds to rwo rows 12 inches apart on 36- to 40-inch beds, depending
upon the avaiable equipment of the furms where fand was leased.
Some 637 acves had vo be abandoned hefore the end of the year beeause
of adverse facrors, including washing of seeded beds by heavy rains,
damage by hail, excessive temperatures during summer plantings,
weeds resistantt to selective oll sprays, and poor soil types. éome soils
were not suitable for subivrigation, and it was impossible to retain
stauds on clay soils.

Direct seeding for rubber production. In the fall of 1948 and
spring of U TTansen (7.27)* made direet seeding trials in the Bak-
ersficld aren of ("alifornin. The design and results of these experi-
ments were beielly summarized as follows;

“Direct seeding trinls were made at Wareo and Lamont in the Buk-
ersfiecld Distrier i the fall of 1943 and the spring of 1941, to compare
with nursery propagation and fransplanting for effectiveness in field
production of guayule. The trinls were made on representative soils,
a doamy Ane sand at Lamon »d o aandy Toam at Wasco.  The trinl
sites were preirrigared to b the goils 1o field capacity.  Threshed
dry seed and untheeshed pre-germinated seed were used, and the irri-
malion trearments following sowing were varied, as was depth of sow-
mg. FBmergence was general regardiess of treatment; but was best
where sowing was shallow and the covering uniform,

“Weeds presented quite o problem, as they grew faster than the
maytile seedlings. Hand weeding was slow and very expensive, and
machine cultivation diflicult o accomplish without dumaging the
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seedlings. Weak oil sprays gave fair weed control and minimum
damvage.  Wind storms caused damage to the fall plantings, and severe
riinstornis, Lo the spring plantings.  Damping-off aftected the spring
plantings seriously in humid weather,

“Lrrigation almost daily from sowing to emergence was found nec-
exsitly bo get ngood st A Teast fve irrigations in 30 days were
required For establishiment.  TUuder the local conditions, preiveigation
w50 0 necessity.

“Fhe plantings on the lightest zoils were cousidered failures.
Wiier lacilifies were critical. As to costs, the establishnient of the
direct seedlings is far more expensive chan che establishment of trans-
plants on ierignated lands.”

Diveet seeding triads in the Indio area of California were consider-
ably more suceesshl than those made in the Bakersfield District.
Following preliminary seeding trials made by Clifford {62)* at the
(7.5, Dare Garden, Tndio, Calif,, Haise {£/¢)* made plantings on 24
aeres ol newly reclaimed Adesert land on the Bell Raneh north ot Indio.
The soi) type was classilied as ~Conehelln Sand™ and the surtace soil
eon<istedd of @ heterogeneons mixture of dune sand and poorly pul-
verized st amd eluy clods. Organic matter content was extrenely
low.

Periodie platings were made between September 29 and October
S1, 198, botly pregerminuted and dry seed being used.  To satisfy
one of the requireients of ihe expermient. since it was designed to
test the feaxibility of growing guayule asa row crop by direct seedm
the plants had to be tlriek ennutrh to block out a spacing of 7 inches
within rhe row.  Seedingr was done with a Planet Jr. seeder at a muxi-
mum rate of 15 pounds per acrve.  Side dressings of nitrogen fertilizer
at the vate of 250 pounds per acre, whicl: larer p10\ed to be beneficial,
wern applied.  Following wn initial irrigation, it was found necessary
to irrigate at lewst every “other day to a roral of six irrigations.

Observations were nude when the seedlings hecame w ell established.
Subisfactory emergence \\.l‘-: obtained from seedings made between
September 28 and Octolier 22 in spite of high soil and air temperatures,
wlieh ofien reached 110~ F‘ Good emergence was apparent for pre-
vernriated seed s fter 3 or b days and from 5 to 7 duys for dey seed.
Sowings made on October 30 and 31 resulted in a very poor stand,
which wis Inter abandoned.  The Tailure was actribared largely to the
low =01l temperarures which dreopped to somewhat below 50° F. Some
of the stands were considerably damaged by birds,

Tlaise coneluded that dry seed was as satistactory as pregerminated
seedd and that it eould have been sown at a much lower rate than the
15 pomuds per acve wsed, and that the sowing shounld be made from
1o Ly ineh deep with daily irvigations wntil germination is com-
pleze. I the Indio wrea, from the standpoint of winds and frequency
and intensity of storms, the hest time (o plant is in the fall of the year
rather than in the spring.  Successful siands arve doubtful when
minimunt suil tenmperatures fall below 507 I,

Avvording (o Cowley (687, wolier results indieating that divect
Beld seeding wits not practieal in Texsas were in agreement with vesults
oblained 1o the planting season of 1948344, in whicl direet seeding
irtals on drrigated lovd were ereatic and those on deyland areas fuiled.
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He artributed these failures to climatic conditions throughout the year
in southern Texas that were generally unfavorable for the est:tbfish-
ment of gunyule seedlings, purticularly on dry lund. The rainy pe-
rlods around the monihs of May and September are also characterized
by high tempeeatures and resulting high evaporation losses, and heavy
weed infesfation normally occurring al this time.  Weed competition
together with heat injury seemed to be the ndverse factors for summer
planting.  Although temperatures are lower during the winter, this
period s chavacterized by seanty rainfall and high winds which tend
to intensify the moisture deficiency.

Cowley was able to overcome these adverse climatic conditions by
clean fallowing duving the spring, -ummer, and fall months of 1044
to vonserve & maxinum of the water that fell during the rainy periods.
In November, there was an excellent supply of stored moisture to
within 2 inches of the soil surface, and smadil explovatory tests were
initiared and continned throughont the winter months, A modified
planting technigue was ured, involving the drilling of the seed ut var-
wus deprhs i the bottom of furrows of various widths made with
lster shiovels. Best stands were obtained from pregerminated seed at
a depth of 74 ineh in the bottom of narrow, clenn furrows from 24
to 3 inches deep. In oone teiad he obiained approximately 10 plants
per foot of row with 8 \umnds of seed per aere,  The stands in general
were somewhat jrregular beeause of the difficulty in maintaining a

untforn shallow soil cover.
Cowley (44)* found that planting in a water furrow was not prac-
tieal nnder rrigation, owing to the laclk of contro! of the water, which

washed =oil into the furrow. covering the seed to an excessive depth.

Taylor (2/3) sumpiarized the experimental worl of Davis for the
establishment of field stands in the Yuma Mesa and Poston areas of
Arizona.

The Yinna Mesn oceupies oosivip of true desert land hummocky,
wind-blown =and from 3 to 7 miles wide along the Colorade River
~outh of the Gila River, The principal Bmiting lactors in this area
were excessively high tewperatures, andstorms, and difficulties in
mminfaining moisture during germination.

The seasons which gave the only promise for successiul direct seed-
ing were a fall period From September 20 to November 15 and an
early spring peviod between February 1 and Aprdl 15, when the max-
imum temperature hnit of 90° F. was not ordinarily exceeded.  Idven
then, the inscabilicy of the sund made the handling of irrigation water
withow evoding or flooding the seeded rows, difficuit. In general,
stands obtained From diveer seeding at the Yuma Mesa Station were
reporter] to be better than those from transplanting at any time.

(e beavier sobls at Poston, Ariz, o diveet seeding trind, mude in
{xtober, vielded na average uniform stand of about 10 seedlings per
finenr foot.  Stands of 03 to 99 percent were obtained in plots where
the seedlings wore thinned to spacings of 6, 12, and 16 inches, By
the following April, these plants were about 414 inches tall, while
thiose seeded at the same time af the Yuma Station ranged from 2 to 7
tches i heyrhi.

Taylor {2714} also summnrized the divect seeding {rials by Crain and
Davis {70}* for field production of guayule in the Mesilia Valley
( Anthony) of New Mexico.
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The soil of the tract used for these trials was Gila silt loam, mod-
erately to very aikaline. Temperatures were too low for direct seeding
in winter or for survival of seedlings from Jate fall plantings. Sum-
mer temperatures were not excessive.  {rain, after living investigrated
many of the sowing techniques employed in ocher areus, succeeded 1n
abtatning stands only by sowing seed m the bottom of irrigation fur-
rows. AL fiest, Uus method did not appesr practical because of scour-
ing in some places andl silting in others. He was able to overcome
thiese ohstacles by seeding at a depth of 34 to 17 inch, or just enough to
prevenl the seed from washing away. By controlling the water to
minunize scouring and silting, good stands were obtained on 12 acres
seedled in the month of September,

("pon resumption of the guayule experimental work after the liqui-
dation of the wartime Emergency Rubber Project by the U.S. Depart-
ment of Agriculture in August IHT, interest wus agnin centered on
direct seeding. Experiments were established at Salinas and Shafter,
Culif, and at Winter Haven, Tex., to determine the feasibility of
direet seeding as u means of quickly and cheaply establishing field
standds, as well as field nurseries.  Earlier investigations (7) had
shown that direel seeding was feasible under some conditions, but its
cenerad usefulness had not been demwonstrated.

Sarfier work had also indicated that closer spacing in the row
vielded more rubber per acre for short-cycle proc}nction than wider
spacing.  The planters available at the time permitted 18-inch spacing
which wus ahout the elogest that could be obtained. Therefore, atten-
tion was diveeted to the possibility of establishing dense direct seedings
which could be thinned to the desived spacing, thus eliminating the
hoavy expense of filling in by hand. Direct seeding, however, pre-
sented dificultics beewuse of speeial conditions required for the germi-
nation of the seced, the lack of vigor of the young seedlings, and the
need Lorspeciat or hand cave in thinning,

During the sumimer of 1048, Funter (727)* planted approximately
12 acves by direct seeding under row irrigation, for the purpose of
establishing field stands for thinning to desired spacings. Two-thirds
ol the area was planted with one row on 28-inch ridges and one-third
wis plunted with two rows, 132 inches apart, on similar ridges. The
stands of gpuayule plants were nmong the best ever obtained by direct
seeding,

I'n the fall of 1944, studies of divect seeding on dry land were begun
on upproximately + acres of non-irrigated Webb fine sundy loam as-
sirned by the Texas Agriculturad Experimont Station af Winter
Haven, Tex.  Vartables included rate of seeding, depth of seeding,
furrow. flat, and vidge planting, presence and absence of windbreaks,
anil covering material for seeds such as solly wood shavings, and sand.
Beginning October 7, five monthly plantings were made. In Novem-
ber a wind completely destroyved the Octobier planting by covering or
abrading the plants with sand.  Stands obtuined from the November
and December seedings were killed by freezing on Janvary 30, The
planting made on January 10 had not emerged on January 30 and was
apparently destroyed by low temperatures before emergence.

'{*‘m'l her lests of direet seeding on dryland in Texas continued to
give poot wnd nteertain stands regndless of the different rates of seed-
ing, dilferent methods of seedbed proparation; and different methods

751-58 O—tf—-)
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of covering the seed (9). Crusting of the soil and variable weather
conditions appeared to make direct seeding on dryland ve vy hazardous.
[t was concluded that transplanting of seedlings from irrigated nur-
series Is the only feasible meuns of planting dry Jand aveas in southwest
Texas.

Direct seeding in wastelands. Direct seeding of wastelands, either
for the reestablishment and envichment of native stands, or the estab-
Iishment of guayule for the production of a reserve supply of rubber
for emergency usey has also been attempted, but without signilicani
success.  This effort has included the sowing of improved strains of
guayule in mative stands, airplane sowing of guayunle in brush lands,
and hand sowing of guayule seed with or without some preparation
ot the soil surface belove planting.  In several instances, the weather
conditions proved almost ideal for the initial establishment of the seed-
lings,  TTowever, even good initial stands of young seedlings tuiled to
survive the plant competition and drought that followed.

MeCaltum (752), in 1929 and in the following several years, made
serious efforts (o reestablish guayule in Mexico. Approximately 500
pounds of seed were seattered n various places over cleared-off ground,
a portion of which was harrowed to cover the seed. The results ob.
fuined were from nothing to an average of two or three seedlings per
siuare yard, By the end of the first summer, most of these were gone,
and the remminder died from subsequent drouths.  Best initial resuits
were obtained on good valley soil in a cooler elimate where 50 acres
weve sown.  Here the entive stand averaged 10 to 15 plants per square
yard and grew well during the Hrst year and following summer, but
all were killed by Frost during the next winter.

Attempts at divect seeding nt vavious places in Texas also failed.
Seedlings came up only on prepared land. cleared and plowed, and
these weee unable to compere with the weeds and grass that followed
the first rains.  In his wcecount, Dr. MeCallum stated that “in the
end we did not have a single plant that had grown from the seed we
sowed.”

I miore vecent years, emphasis was placed on tests to determine
the possibility of extablishing stands on wastelands to serve as living
reserves of rubber (). In December 1948, an airplane seeding test
wis nuude on 8O acres, including four types of terrain and cover, on
the reservation at Camp Pendleron, near Qeeanside, Calit. In the
spring of 149, a few seedlings were found, but in November 1949,
ne =eedlings were observed in the entive avea.

In February wad March 1950, wasteland plantings of both broad-
east seed and nursery stoek were mude in oach of the following unused
Foderal land areas in California: Los Padres National Forest, near
Poza: Forr Ord, near Monterey; Camyp Pendleton. near Oceanside
Camp Roberts, near Paso Robles; and San Jonguin Experimental
Range, near O'Neals (/). OFf these live loentions, only rhe Los
Padres National Forest and Fort Ord plantings survived the sum-
mee, hoth transplants and seedlings appearing well established in
disked areas at Fore Ond in the Fall of 1950, By the summer of
951, however, the gimss and brush competition, destroyed by the
disking, had become reestablished and had erowded out most of the
guayuie, The remaining few plants appeared to be dying. In the
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Camp Roberts and San Joaquin areas, disking helped to get the
seedlings started, but these did not survive the summer.

Since the spring of 1950 offered favorable growing conditions, the
tatlure of these trials indicated the iinlikelihood that guayule seed-
tings or transplants could establish themselves well enough to survive
the competition with brush and grass under the dry summer conditions
i Calitornin (/2.

Eight treial plantings, involving both seed and transplants, were
made in Mareh 1930 on uneultivated rangeland under different soil
winl grazing conditious at the Texas Agrimﬁtu ral Ioxperiment Station,
Sonorw, Tex.  Observations were made in the spring of 1951, Despite
favoruble vainfall and good initial stands, survival was very sparse,
owing to grazing and grass competition {/0, 71). The pelleted seed
usedd in these experiments did not prove supertor to unpelleted
threshed seed, and in most cases it was interior.

Many of those who visited native stands of guayule during, or
shoretly afrer, rainy seasons observed thousands of young seedlings
which disappeared during subsequent periods of drought. Estab-
lished plants in native stands often appeared alike in size or age, lead-
ing one 1o a possible conelnsion that the stand had become established
as n result of a Tovtuitous period of moisture together with other
favorable conditions sulliciently prolonged to allow the plants to be-
come established.

Figure 13, & photograph taken in 1048 by Hammond (779) during
i seod-voljecting trip in Mexico, is a view of a dense stand of young
guayule. approsimutely - to 6 inches tall, established at an old guayule
baling campsite in the State of Zacateeas, presumably from seed
brought in on harvested guayule. 1 nharvested guayule plants were
found in the area of this site.  Of a number of observed baling sites
sperated by rubber companies during World War IX, this was the
only one where extablished seedlings were seen. Apparently here, an
ideal set of growing conditions prevailed over a period of time.
Beological studies could add materially Lo the understanding of how
guayule establishes itsell in its native habirat.

Weed control

Weed conirol in nurseries. The control of weeds in nurseries is
one of the mosl expensive operations in the growing of guayule.
This is purtly beeawse of the small size aud tenderness of the seedlings
lor the st few weeks following emergence, which mnke them unable
to vompete with the more aggressive, or faster growing weeds. The
soedlings are easily damaged or pulled up in weeding if the inter-
mingled weeds are allowed to develop many lateral roots before they
wre removed.

[Tand seeeding, (he only method ol weed control nsed by the Inter-
continentat Rubber Co., was not a serious problem in small nurseries
<l s those owned by the company,  However, the weeding ot 540
acres of nursery of the Bwmergency Rubber Project in the spring of
12 presented such a serious situastion that it was necessary to con-
sider whether further expansion of nursery plantings should be made
if the resulting seedlings were Lo die in competition with weeds (£86).
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Fieirr 17 Guaaynie nursery beds 1hat have been treated with oil for wead
control, Prieended chieek phits ave crowded with weeds and elsewbere the
enayule seedlings cie be seen In the sand-eorvered planting strips,

the beds were ofled Tollowing a nunimum temperature avernge of over
st B The poorest weed kil and the greaiest injury to guayule
~eehinngs seenrred when oil was applied following a periad during
which the mintma renperntuees averaged below 50 0.

From the ~staimdpoint of puayule, Benedicr 125) coneluded that oil-
i <hould not be done wotdl 1weeks after planting siuee practieally
to walbine pesylted after that time.  However, {rom the standpoint
of weed Kill ailing 2 weeks aftor the seed beds were prepared gave
the besi vesults, Therefore, e suggeeted preparing the seedbeds 2
wevi before planting Gme, ivngatinge Lo promote weed growth, and
then, the day the beds were 1o be planted, spraying the beds with oil
ta kil the weeds, after which seeding should be done without dis-
tarbine the seed bed, Following these proceduces, weed control would
not be pecessey until at feast 4+ weeks after seeding when the guayule
eedlinars would be old enouch to withsitand the oiting.

Rusults of pre-killing of weeds by oil in the manner recommended
aliove were reported futer by Beaediet and Krofeliek (4/) and found
snevessInl, dn faet, when the beds were prepared 2 weeks before
seelinge and then oifed, they obtained better stands of guayule than
when seedings were nude in Freshily prepared beds. They attributed
the Heereteed viuergenee 1o the fiem bed of soil on which the seed was
placed.

[ L4y, they wsed w Tighter application of ol than was used in
their sther experiments with the result that there was no kilhng of
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even 2-week-old gnayule seedings.  The spray was a mixture of three-
fourths stove oil and one-fourth diese! oll, applied at the rate ot 1.2
eallons per nursery bed & by 400 feet. It was necessary to make the
livst application about 2 weeks after seeding when both the weeds
and guayule were in the cotyledonary stage. At this time, both were
susceptible to the otl, but guaynle was much more resistant, As a
result, there was an almost complete killing of the weeds with only
a femporary set-back in the growth of the gnayule. In their later
lestsy three or four upplications of oil during the swmer were nec-
essury to give good weed control.

mreenhouse tests indieated that guayule seedlings should be oil-
sprayed at air temperntures between 70° and 80° T, Temperatures
of 50° and 949 I, at the thme of oil applications, resulted in the death
of n great many plants,

A of theiv vesults with selective oil sprays indicated that weeds
2 weeks old were most easily killed, Some weeds -+ weels old were
killed, but weeds 6 weeks old nsually were not killed. They found
that certain weeds, after the development of the first true Jeaf, were
impossible to kil with the strength of oil used. Amony these oil-
vesistant weeds were common groundsel (Neneelo rulguris 1.}, seaviet
prmpernel ((lawgallis arvensis 1.,), and certain species of grusses.

Taylor and Champagne (2/6) furnished detailed working instruc-
tions on the nse of otl sprays und types of oil rigs for weed control
i guayule nurseries in their nursery ﬁandbook.

Selective nils for weed control were extensively used in Zavala and
Maveriek Counties, Tex., by the Guayule Seedling Stockpiling Proj-
ect, where 1,166 acrves of field nursevies were seeded in 1951 (45).*
Varsel Naptha ( Humbolt O] Co.) was selected as the best of the loeal
ofls availuble.  Iv wax applied af the rate of 50 to 40 gallons per acre.
Just as Benedier (27) Tuud demonsteated earlier in Calitforuia, gnayule
subjected o minimun night femperaiures of 50° T, or below for 5 days
prior to oiling was quite susceptible to oil wjury.  Continuous high
temperatuves, 100% Foand abuve, produced guayule seedings highly
sisceplible to otl injury, There was o survival of 97 percent in one
plinting of 23-dny-old guayule otled with 30 gallons of oil per acre
when the femperafure stood ot 90° o 92° F. Hecommendations were
that o1l should be applied only when the temperatures were 60° to
ho= Ir.

Pre-emergence trentments, e, the application of olls immedintely
afier sowing guayule In newly formed beds, did not retard weed
vmergence satisfactorily without killing the germinating guayule,

Weeds Found resistant to selective oils ut all siages of growth in
Texus were thrug tumitory {(Fumaric officinalis 1.}, London rocket
(Newymbriune rlo L), conunon sunflower {Heliuntfus anauus L),
puncturevine (Lribudus tferrestiis L), and annual and perennial
species of ragweed {dmbrosin). Weeds susceptible at or near the
cotyledon stnge but resistant thereafter were redroot pigweed {cLma-
ranthus retroflemus 1.), common pursiane (Portulaca olervcen L.),
bharnyavderass (FLehinochion crusgallt framentacenr (Roxb.) Wight.),
Texns millet {Pannecwm tewanum Buckl),and ved deadnettle (Lamivm
plergatrenm 1) Seedlings of johnsongrass (Norghiuwon halepense (1)
Pers.) were susceptible to the oil, but the rootstock was not. This
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wig the most troublesome weed in the nursery fields. A 52-acre field
had to be abandoned entirely because of a heavy infestation of
johnsongrass.

Weed control in plantations. The methods of guayule cultivation,
being cssentially the same as those employed in any row crop, permit-
red the use of standard cultivating implements (786). Cultivation
tools, such as shovels, sweeps, et cetera, varied considerably according
(o the size and age of the plants and in accordance witl Jocal ground
conditions.

The finding that petroleum oil sprays could be used successfully
in controlling weeds in nursery plantings without serious injury to
guayule led to investigations of its use m field plantations, with the
result that in the spring of 1948 oiling was begun as o major part of
weed-control operations. Lighter grades of diesel or stove oil were
used. Further investigations in cooperation with the University of
(alitornia resulted in the ase of straight oil in amounts previously
used in oil sprays but without mixture with water, In the spring
of 1944, Freemun (/07)* reported oil injury on new succulent growth
of enayule planting. He partially solved the problem through a
combinarion of diesel oil and siove oil.

Sprayers were developed with tanks mounted integrally on small
crawler tractors capable of spraying four rows at a time. The crawler-
type tractor had the advantage of being able to operate during the
rainy seasons in Californin when weed growth was most active and
when the soil was teo wet to permit the use of cultivating implements
or hand hoeing rrews.

The removal of weeds not killed by oil within the row was one of
the major problems in cultivation. The scope of the planting program
required the use of mechanical planters which did not permit “check-
ing"” to facilitate cross cultivating. Flence, hand hoeing was the only
method of removing weeds in the row. In 194dan “in-the-row-cultiva-
tor™ was developed by the project (fig. 18), consisting of a series of
four to six units of small blades in pairs, enc manually controlled by
a pair of handles so that plants in the row could be dodged (186).
Ihe series of units was tractor-drawn, each unit being operated by a
man on foot. This method of cultivating eliminated the need for
hand hoeing to the extent that the output per man-day exceeded that
by hand hoeing by 300 to 600 percent.

More recent experiments on weed control (46)* showed that the
Ferguson Peneil Weeder, when used frequently and at the right time,
would destroy young seedlings without harming newly transplanted
guayule, It was also used successfully on Jarger plants. A second
mmnovation which gave promising results was the use of overlapping
sweep rultivator shovels on large, established guaryule. These shovels
slizhtly overlapped in the row, but the guayule was usually sufficiently
towgh tospread the shovels as they passed.

Harvesting for rubber

Harvesting by digging. In harvesting cultivated guayule, the In-
tercontinental Rubber Co. followed the practice of digging the shrub
with a specially designed, two-row digger mounted integrally on the
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Fragtwrl I~ Mechapienl hoe o cantrolling wewds In guayule planting=.  The
binadlies eonld be muauipubiied e avaid ehe wuayide plins while the rows were
Disiinz endriviy e,

ot of 1 erawler teactor (485, The sheuls wis biselied by che dig-
wee into windvows, eacl containing twa rows of plant=. A fier diving
For 3t 5oyl the sheuls was pahered with a =pecial heavy-duiy,
~itle ddelivery pake iuto laroer windrows, which were lled with o
eultipacker o dislodue divt from the roots not removed in e digrging
aperation, The whndrows wore turned o ~weond time aed rolled A
to e e ekdlinonal clods o dive. A speeiad heavy-dany chopper, on
the order ol o poriable ensilage cutier aind equipped with a pickup at-
B hinetit, was ued o chop e shoab,. Frong thisonmehine, the cliopped
b wias debivered by o Blower fanc ) overhoad pipe condnit into
tieeht woodlen hins mounted an fegek-, ar auled to the mill wihere
iwasstored in large bins Tor Luer inilline,

The Fanergency Rubber Project diseasded the practice of chopping
thie b o e tield as inpractienl and adopted a method of digeing
the ~heah s then baling i witly standard baling equipment o fror
cetiin medilieations were made i jis desigm (Has, 19 203, This
methioed sreadly faetlitded <hipplog the <ieaby (o che mill by trieks,
ar over b disianees by pail withone deteriorarion. ‘The baled hul
wors stored Cither inthe leld or ac che mill. These baste method< were
fertlosed inorhe B2 hevesting operation and, with ~onie miodifes-
e, they were naed by the project inoall liter operaeions,

Harvesting by clipping (pollarding). Lloyd (747) sugeested har-

it iy removiee the apper portions of the plang il
eavine the crown 1o generie wew wrowth instead af direing 1he
entire plasd, o~ was astomary, The et clipping triads by the Togee-
corctental Tnbber Coowere inconelnsive, and the compnuy clid nol
adopt b notined of feovestine. Calidbwell cuwl Spenes i E pli-
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cated that its usefulness nmde it worthy of Further investigations,
although results had been somewhat discovrnging. The method, which
was cilled “pollarding” by Hildreth (723), would eliminate the ex-
pense of ground preparation and rveplanting. At the same tine, the
new shoots should grow more vigorously because of an estublished
voot system. TFurthermore, Traub (234) had found that there is no
decrease in the amount of rubber once it is formed in the roots, and
the rubber would be retained for n future harvest of the entire plunt.

Curtis (72)* began some clipping experiments on guayuie in 1944
but. owing to n curtailment of Federal funds, he was able to observe
his investigations during only a brief period of 18 months. However,
he made valuable observations, Tops elipped 1 fo 2 inches above the
ground level yielded about two-thirds of the rubber ordinarily ob-
ruined from uprooted plants. Rubber concentration in the tops was
practically the same as in uprooted plants. The quality of the rubber
from the tops was not inferior to that from uprooted plants, and the
tops offered no difficulty in pebble-milt processing. Fairly comparable
results were oblained by Tingey {226}*.

U"pon resumption of research on guayule in 1948, Hunter et al
(728} laid out some carefully planned experiments to be conducted in
existing stands at Salinas, for the purpose of observing the effects
of elipping on yield of rubber, involving: (1) harvesting by digging
the entire plast 6 to 8 inches below the ground line; (2) partial har-
vesting by clipping sbout 2 inches above the crown, and subseguent
harvesting by digging; and (3) barvesting by digging, followed by
replanting and harvest of the new stand during subsequent years.

Completely harvested plants 5 Lo 7 years old, with a spacing ot 36
by 2% inches, vielded from 1,003 to 1,459 pounds of rubber per nere in
1948 and 1949, Tops clipped from comparable plants yielded from
(56 to LU64 pounds, which amounted to from 68 te 75 percent of the
rubber in the entire plant.

Frocke 19—Pickup-type hay baler remadeled for baling gnayule shrub that had
been dug, dried, and windrowed. The pickup attachment was desigued and
made in the UL, Forest Serviee Shop &£ Salinns, Calif,
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RESEARCH 0N GUAYULE: 1942-1939

Seed production’

meed havvesting,  Guaynle tendsto fluwer more or lexs continuously
o the growing season when soil moizcure = adequately maintained
vt 2y, To nontreieaged fleld< slower growing planes of first year's
vrowth matore their viain erop of seed sbow the Gse of September.
[ ~ubserquent years the main erop ripens in late June or early July.
However.spotty yields may oconr fater il there is suflivient =oil moisture
to ennble the pisnt- fo continue aetive growth.

Tl toral yield of seed per acre varies greatly gecording to survival,
age, cioor of the plant=cuud vollecting methods, From 25 1o 40 pounds
per ere of elean, nntheeshed seed wore eoflected with o mechanieal
soved pieker Frong irvigated plaws in the San Joagoin Valiey in their
Ul wrowing season. Five humdred pounds of ean, unthreshed seed

Froa e 2, Fielit of 2-venr-oltl, ivrigared guayule in flower in the Salinas Valley,
nlifornia.

T he Seeld od Sursery Operafions andleok by Taxlor awd Champagne (2461
santams information oo the methods and equipment esed o che hacvesting,
iestpinar o] threshing of guayule seid, [0 i< mimengraphiod report, Carl Taylov
v 2L Zives o delailed aeeopl oF these operitions, amd alko eites many of his
v npehzishet reporis, 1 well as those of others, on experimental work with
sty b sl CThe elgpter oo “Seed™ in the Final Heport of Fhe Emerzoney
ftnbber Preodect campiled by Pand o Reberts, Diccetor, (080, also deserihes
protdems snconttered gl the development of working nicthods,
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Per acre, per season, was not uncommon in older, irvigated plantings.
In the Salinas Valley, unirrigated plantings vielded 10 10 20 pounds
of seed per acee daring the first senson afier the pliants wore sef aut,
ied Tho to 200 pounds in the second and following years,

During the seed storkpiling progeam iniviaeed in 1950, vields of
S pounds of unthreshed seed were obtained fFronr fields estahlishe
For L year in rows 25 inches apart. This wmount of seed was ohtained
From three harvests of the same Held in 1 year, Crreful attention wis
given Lo ferigation, fertilization, and inseer control.  Fertilizers {1i-
trogen and phosphoric acid at the rate of 50 pounds cach ) were applied
- Aprdoand the planes were kept in continnous bloom by Trrigating
evers 2oweeks (lig, 22), Lygus inseers were controlled by =praving
the field twice during the smmnwr with Ti-percent TIT nt the s
of 1 pound peracre. Harvesting was acromplishied by mieans of w new
(1xpe of soed harvester, deseribed later,

The pereentage of embryo-containing seels in difforent secd lotx
variedd considerably, the cause of which was o fully determined. Re-
search ~hudies indieated a possible interplay of a number of Factors.
any oneof which vould atfect yield of lilded seed.  Liverns insects feeding
ore the lowers may reduce che yield considerably, and there was some
evildener of seasonal and tempeérature infuence, Vibility of guayule
~eed s nnusually fow compaved 1o other kinds of seed, Tlie percentage
of filled seed vsunliv ranges between 10 and 45 percent, although in
sonie instanees it may be as low as 0 and as high a= 71 pereent,

Seed collection by hand methods was found practical for small quan-
tities of seed, or when it was desired to obtain the maximum amount of

FicUre 22,—The eMect of fertilizer on guarule soed production.  Plants to the left
of center were fertlilzed ; those to the right were not fectilizedl,
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seetd produced by the plant. There was a loss of up to 50 percent or
more of the seed during muachine harvesting opevations, but hand
methods conld not compete in speed or cost per pound of seed. In
1942, hand-vollected seed cost 30 cents per pound, whereas machine-
colleeted seed in 1949 was under 10 cents per pound, uncleaned field
weight (186).

CGuayule seed is easily barvested by mechanical means since it loosens
and shatters readdily when ripe. Various types of harvesters were
devetoped.  The harvesrer used by the Totercontinental Rubber Com-
pany utitized a vacwmn produced by fans, was complieated, heavy, and
not very cfficient.  The Project developed several types of harvesters
vtnploy g eovolving hewshes or beuters to dislodge the seed hato trough
receptacies.  One model conzisted essentinlly of a shaft carrying four
rorary brushes, one for each row of plants, which wus mounted on
the vhassis of a pull-type beet and bean cultivator, and <driven by ¢
belt fron the endtivaior wheels. "The seed, as it was brushed from the
plants, was eanght in terpedo-shaped pans drawn along the ground
between the rows, .\ canvas eover kept the seed from being tessed
uhout.

An improved model was developed later by the Bureau of Plant
Tadu=try, Soils, and Agricultural Engineering for mounting across
the front of a Ford-Ferguson tractor, to prevent the tractor wheels
fram knoeking off the seed the 23y, This model consisted of a hori-
zontal rotating brash purtially enclosed in a metal box open at the
front and long engueh to xpun four rows,  The height of this assembly
was controlied by the power 1ifi of the tractor.  The seed was brushed
direetly nto the box from whieh It was moved by a serew conveyor
to a vertrcal bucket elevator and discharged into sacks.  Although the

Fiopee 23.—Gnayule seed collector developed Ly the Emergency Rubber Project.
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Freormee 2--Suaction seetl harvester fae haevesting gauyvitle seed. At the front
of 1he trietor there Bs oo suetion and blower assembly, and at lower lofe a
rorating rod with ntaehed rubber steips fur disleddging sovd.

hrnsh-type machine wus leht and covered aeveage rapidiy, it was very
nellivient in wathering all the see, The main objective of the earlicr
stwerion-type harvester was the sucking of seed direetly from the plant,
A lack of suffietont suction pressure made the machine ineflicient in
areomphishing this objective,

When ripe seed s dry it is easily diglodged from the plants.  There-
fore.seed collections manst precede cultivating, furrowing, or other field
operations,  Dmmpness or heavy dews eause ripe seed to tighten and
prevent eificiont harvesting. Heavy winds may eause dislodging or
s of large quancitios of ripe seed,

When the seeld stockpiting program was initiated in Pecember 1050,
i owus apparent that improvements in seed harvesting enuipment
watild be neeessary to obiain masinum gquantities of sced.  After a
cousiderable mnommt of research and improvements in design, a four-
row. snetion-(ype guayule seed harvester (fig. 24) wus developed that
permitied the haevesting of a higher pereentage of available seed than
wiy previeusly designed harvester (44) *

This new-type harvester departed entively from the principle of the
old-rype suetion harvester by swoeping the ripe sved from the ground
after first disladging it from the plants in front of the machine bly a
horizontal, rotating rod to whicl was attached a sevies of rubber
strips. Upon falling Lo the ground, the seed was sucked up through
large suetion nozzles. or shoes, shaped to conform to the contour of
the lerigation fureows, Two blowers were built in the machine—one a
presswre blower and the other a suetion blower,  The pressure blower
delivered a stream of air on the =ced at the base of the suction shoes
which started the seed on the gronnd moving while, at Lhe same time,
the =oetion shoes readily forced the seed, dust, and trash into the
machine amd into the eyelone tank againgt 1 fine mesh sereen.  Materia)
nob pussing through the sercen fell into a hopper and was discharged
nto cloth sacks. Adthough this harvester was highly effective in
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collecting maximum quantities of seed, it inciuded along with the
seecl o considerable amount of sand and soil particles, which made an
additionnl seed-clenning operation necessary.

Seed cleaning and threshing. Prior to 1042 a good method for
cleaning guayule seed had not been devised. Harvested seed usually
containg, in addition to ceniral clusters of male florets, dried leaves,
llower stems, and other extraneous material. The floral attachments
make the seeds too Hght for separation by air blast. Leaf purticles
and clusters of male (loreis may be so near the size of the seeds as to
make sereen separation inefleclive. The ditference in shape of the
miale floval clusiers and unthreshed seeds, suggested separation by a
seveen having Vi- by Yo-inch slots. In the fall of 1042, a seed
cleaner of this 1ype was (ried and found effective.  Much of the seed
in storage at the Lime was recleancd by this method.

Furiler experimental work showed that selective screening could
be =upplemented by a vibrating gravity separator commonly used for
sepurating emply and filled seed. Thismethod doubled the percentage
of filled seed in low-quality guayule seed lots.  Subsequent investiga-
tions indieated that the gravity separator was niuch more efficient in
separafing empty from filled seed when the floral parts ® were removed
from the seed in threshing,  From several types of threshers and scari-
liers trivd, « xecd huller wus adopted that combined the qualities of
high capacity and effectiveness with little or no injury to the seed.

A very cflicient seed-cleaning and threshing system (fig. 23), using
mostly standard equipment, was soon in operation. Iissentially, the

TREATING PLANT STORAGE

WASTES

FIGURE 20, - Plaw chart Lor guayule seed cleaning and threshing,

A nmbresheld goayole Useed™ is oan achiene with an attached Lract nmd a
pair of sierile florets. A Lireshed seed refers Lo the achene after the foral parts
huve been removed.  See Hg. 4, po 11

Toh- 828 O - (i -5
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sequence of operations were: (1} preliminary cleaning, (2) threshing,
{3) gravity separation, and (4) final cleaning.

The seedl material, which usually contained much extraneous mate-
vial such as stems and leaves, was passed first over a power-driven
shaker or sealping screen of 14-inch-mesh wire to remove the coarser
trash, and then through a viheting elipper cleaner. This cleaner
rontined a three-sereen viddle, 2 by 6 inehes, with a top screen of
No. 10 round holes for removing oversize material, a middle screen of
14 by Yy-ineh slots for separating the elusters of disk flovets From the
seecl, and 1 bottom No. 7 raund-hole screen for removing the fine trash.
Slightly different perforation sizes were oceasionally required, depend-
fng on the average seed size of somie Jois.

Threshing was acconplished with a seed huller originally desiened
for hulling burelover. Tt consisted of a conical rubber-covered ad-
justable rolor turning inside a rubber-lined drum whieh removed the
altached floral parts. With proper adjustnient, it would thresh up
10 450 ponnds (unthreshed weight) of suayule seed material per hour.

The threshed material was then passed over n gravity separator.
Usually with the proper adjustment of air, shiaking gpeed, and pitch,
the flow of threshed material across the tuble of the separator divided
into two distinet streams, one containing chafl, empty achenes, and
dust; the other containing filled achencs and particles of stems and
leaves.  Tn making the adjustinents, the percentage of filled threshed
secd, or welienes, was determined by flofation in acetone. The sinkers
meluded nearly all of the fitled seed. while the floaters consisted of
empty or partially filled seed. "Through proper adjustments, seed
lots eould be brought to 95 percent filled.  The entire muaterinl from
the thresher could be run over this separator at the rate of Approxi-
mately 200 pounds per hour,

Einal cleaning for vemoving any heavy trash such as gravel and siem
fragments was accomplished by passing the filled, threshed seed Trom
the gravity separator through w vibeating elipper cleaner (fig. 20).
For this cleaning operation the top, middle, and botton sereens were
Li- by Ya-inch slots, and ¥,- :m{\ Log-inch round-hole perforations,
vespretively. The variable-speed Fan supplied with the eleaner for
atr-blast cleaning was used.

Grravily separation followed by sereening is the reverse of proced-
ures u=ually Followed in cleaning oiher kinds of seeds, and for un-
threshed guayule seed. The reason for this is thut the removul of
chall” from the threshed seed by graviey separation rreatly reduces
the amount of material for final cleaning,

(ruayule seed having a1 motsture content of T pereent or les is more
effectively threshed than seed with a higher moisture content,
Threshing of the Intter may be incomplete.  However, (he unthreshed
portion can be returned from the gravity separator to the {hresher and
vethieshed. Seed containing higher fhan # pereent moisture may
require drying prior to threshing.

Soeme of the advantages of threshing were: (1) The reduction of
matertal to approximately one-fifth of the originnl weight, and the
reduction in storage space to one-tenth of the original requirements:
(2) a much weaker solntion of chlorine was vequired for seed freut-
ment {o break dormancy; (3) a higher percentage of open-stored,
threshed seed would germinale after a 6 months' perviod without
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obtaiie b from theeshed seed,
weed storage.  U'rinr (o 1912, the {nereontinental Hubber Co. had
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would have to be given the expensive hypochlorite freatment in order
to break the seedcoat dormancy. {'nder conditions of fair ueration
aml motsture. the seed dormancy geadunlly disappears, The germi-
natton rate of open-siored, unthreshed seed increases up to approxi-
mately 12 mont&ls or longer, depending on seed lots. whereas the
dormancy of threshed seed may completely disappenr within 6 months.
Seed stored at 4 percent moisture retains its dormancy for a greater
fengih oftime,

Benedict and Robinson {27} found that the relative humidity at
which nondormant guayule sced was stored greatly affected its germi-
nation,  The germination of threshed seed stored at 80 and 100 per-
eent relative humidity deereased to zevo in 1 to 6 months. There was
no consistent change in germination of seed stored at 50 percent hu-
midity. At 30 percent, and at velative humidities prevailing in the
room at Salinas, the germination continued to increase during the
test. At 8 percent humidity the germination of the seed renuined low
ar actually decrensed during the storage pertod.  After being given
the stundard hypochlovite treatment, over 90 percent of the flled seed
stored at 0 percent humidity germinated, indicating that the poor
germination of seed stored at extremely low humidities was not due to
Toss of viability.

Taylor {242} reported that guayule seed is tolerant of 4 wider mange
of temperatures in storage than most kinds of seed. Fe subjected
seed conteining about 3 percent moisture to a temperature of 195° to
2007 B, for 10 hours and to a temperature of 112° below zero for 72
houes, without any appavent injury. Wet seed exposed to tempera-
tures above 120° F. for even a few hours was injured.

Physiology
Distribution and storage of rubber

Lloyd t23#) indicated that rubber in guayule exists as a colloidal
stspenston ov Intex vonfined (o Individual cells, and concinded that
there are no orgaoized latex tubes stnee the freshly cot section of the
stem bf w living plant does not produce a flow of latex. I owever,
i the Freshly cut surfuce is dipped into 2 drop of water ona glass slide,
the liguid takes oica mitky appearance,  Mieroscopic examination re-
veals urich suspension of spherieal particles in Brownian movement.
The contents of waent vells appear as densely miltky flnid, also con-
talning minute parvicles in Brownian movement. That the particles
are wamly rubber was demonstrated by the use of differential stains
and solvents.  Partieles of non-rubbee constituents, including resins
and s, nve nlso present.

The ovenrvenve and distribution of rubber in the various plant or-
gans has been studied in some detail and deseribed by Ross (798),
Plogd (143}, and Aetschwager (79). In general, plants older than
Poyear eavey the major portion of rubber i the vascular rays of
philoem and xylem. Smaller quantities are found in the primary
cortex, pith, xylem parenchyma, and the epithelial cells of resin ea-
nals.  In younger plants, mueh of the rubber oceurs in some of these
Intter tissues,  Very small amounts of rubber are present in the leaf
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parenchyma—u.3 to (.5 percent, as recorded by Curtis (72). A sim-
larly fow concentration is found in the peduncles.

(rtis {72) made a thorough study of the distribution of rubber
in terms of both concentration and weight. Defoliated plants of
various ages and of known cultural histories were used. These were
separated into segments of branch roots, roct, and crown. The
Lranches above the crown were separated into stem lengths, which
were determined by growth increments separated by a collar of leaf
scars of shortened internodes that appeared as cessation of bud growth
in response to low soil moisture or low temperature.

The Lranch system above ground constitutes approximately two-
thivds of the defoltated dry weight of the plant and contains an even
larger proportion of the total rubber since it usually has a higher
rubber concentration than either the root or the crown. The concen-
tretion of rubber in the branch rveots is higher than in the main root.

The bark is the principal site of rubber occurrence.  The difference
between rubber concentration in the bark and that in the wood is most
pronouneed in the root, where the concentration in the bark may be
L times as great ws in the wood.  The concentration of rubber in the
bark of the branches is only two or three times that in the wood.
Considering the plant as & whole, the concentration of rubber in the
bark is three rimes that in the wood. The bark contains 75 to 80
perrent of the Lotal weight of rubber in the plant.

The proportion of bark to wood is low in the primary root, result-
ing in a lower rubber content in the primary root than in the aerial
hranch system in spite of the higher concentration of rubber in the
root burk., The proportion of bark increases progressively upward
from the root into the vounger branches of smaller diameters; and,
in grenerad, there is o strong tendency for uniform rubber concentration
in the stem seements, corvesponding fo successive annual elongation
inerements, owing to a greater proportion of bark in the younger
SIS,

Lvidenee indicates that rubber is concentrated in increasing
amounts for several years in cells of xylem and pith, and that it is
more highly concentrated in the older inner tissues than in the newly
wdded xylem.

Factors affecting rubber formation

Individual ruayulestrains may vespond differently to environmental
condirions in their ability to accumulate rubber. A familinr exam-
ple of this was MeCallum's commercial variety 593. In the cool Sali-
nus Valley of California, the plants of this variety had well-formed,
Fairly thick branches containing a fairly high concentration of rubber,
whereas, in the warmer valleys of California and in southwest Texas,
the plants were small and Formed o number of relatively small
branches just above the gronnd level. Rubber uccumulation tended to
level off abruptly after approximately 2 years” growth, whereas in the
Salinas area, the accumulation of cubber continued for 10 to 15
years, s an opposite example, MeCallum’s variety 111, which was
the poovest rubber yielder in the Salinas Valley, consistently yielded
up to 30 pereent more vubber in Texas than MceCallum's other varieties.
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Many workers huve observed marked seasonal fluctuations in the
overall concentration of rubber during the year. Concentration is
lowest during periods of rapid growth under Tavoruble moisture con-
ditions, and highest during periods of moisture stress. Lloyd (145)
anid Arischwager (20) showed that the ratio of the radius of the wood
to the bark is divectly related to plant weight and water supply. Lush
growth increases the production of xylem tissue, which produces little
rubber, at the expense of phloem tissue, which has a much higher
rubber-producing potential.

(irowing plants ut various temperature ranges under conditions of
abundant moisture and high fertility, Bonner (36) showed that, when
the air temperature was maimained constantly at 80° F., rubber
sccumulation was slow and there was no increase in rubber percentage.
When the night temperatures were lowered to from 50° to 33° F., for
more than 10 hours, rapid increases in rubber concentration resulted,
the optimum temperature Leing 40° to 45° F. Low day temperatures
of 40° to 45° F., in combination with low night temperatures, did not
vesult in rubber accumulation.

When Guayule plants were grown at a constant air temperature of
approximately 76° T, Benedict {28) found that the percentage of
rubber decrensed as the soil temperature was raised from 409 to 95° F,
In one experiment, where growth seemed to be depressed, the rubber
concentration inereased as the soil temperature was raised from 65°
to 90° I, He concluded that low soil temperatures tended to increase
the rubber percentage but that high soil temperatures per se did not
necesgarily mean jow rubber percentages. On a grams-per-plant basis,
the highest yield of rubber was obtained from plants grown at soil
temperatures of §0° to 85° F.

Mitchell et al. (764) found that plants grown at a relatively high
nutrient level were extremely sensitive to reduced light intensities.
A 25-percent veduciion in light intensity reduced by 36 percent the
absolute amount of vubber produced. Teduetion in light intensities
was associated also with decreases in rubber concentration. The per-
centages and absolute amounts of rubber produced by plants grown
af o low nutrient level, on the other hand, were not greatly alfected
by reduced light intensitics. The limited rubber output of plants
subjected to reduced light infensities at a high nutrient level was
associnted with a decrease in dry weight, an increase in seed produc-
tion, and o decrease in the number of funetional leaves during the
rubber-storing seasons,

Taylor and Benedict (274) found that shading the stems of guayule
plants by burying them in dry soil or gravel, greatly increased growth
of the stems. such increase being as much as 10 times that of unshaded
stems.

Benedict (29) conducted various experiments to ascertain the effects
of two levels cach of light intensity, temperature, soil moisture, and
available nitrogen, and various combinations of these on rubber per-
centages in guayule seedlings grown to an age of 6 months in sand
and in soil.  Strains used in these experiments weve 4265 and 593,
strain 4265 ordinarily being more vigorous and containing a’ higher
rubber concentration than strain 393.

The results of ihese experiments at the end of 6 months indicated
that dry weights und rubber percentages were generally higher on
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the high than on the low level of light infensity. In high light in-
tensity, plants grown in soil cultures at the high levels of temperature,
soil moisture, and available nitrogen zlways gave a greater dry weight
and o lower percentage of rubber than those grown at the low levels.
However, plants grown in sand cultures at the high levels of light,
temperature, and available nitrogen showed the greatest dry weight,
and next to the highest rubber percentage of those from all 16 treat-
ments given und higher than any plants grown in soil cultures, indi-
cating that a high rubber percentage is not always incompatible with
rapid growth. It was interesting to note that two of the ten nurseries
operated by the Emergency Rubber Project, in which there were large
seedlings with 7 to 8 percent rubber hydrocarbon, were located on very
sandy soils near Oceanside, Calif. These two nurseries were heavily
watered, and had ample supplies of available nitrogen. Seedlings in
the other nurscries contained only 2 to 4 percent rubber.,

There wis no evidence in these experiments that seedlings of strain
4263 either grew more vigorously or produced a higher rubber per-
centage than strain 593 at the age of 6 months.

By subjecting nursery plants grown in wooden boxes to alternating
periods of low and high moisture stresses, Benedict et al. (82) were
able to force rubber sccuunnlation in guayule plants greatly above that
of plants grown continuously under high moisture stress. Continuous
high moisture stress tended to retard growth, whereas continuous low
moisture stress favored growth but reduced the relative amount of
rubber-bearing tissues. These experiments demonstrated two inter-
acting factors affecting rubber yield. In addition to moisture stress,
somo condition other than seasonal temperature, such as length of day,
Tight intensity, or hours of sunlight was apparently involved. The
maximum robber yields were obtained by alternating periods of low
und high moisture stress during the season of the year other than the
winter months.  The most favorable periods of high stress wave in the
spring, when conditions favored both growth and rubber accumulation.
Tnder the conditions of their experiment, a 4-month, high-stress period
resulted in a much higher rubber yield than a 2-month period.

In practically all previous experiments dealing with the effects of
temperature, soil moisture, light intensity, or available nitrogen on
the growth, resin, and rubber content, one factor had been varied and
the others held constant. s a result, no estimate of the relative effects
of the varions factors could be determined ; nor was it possible to esti-
mate how these would interact in their effects on the plant. Therefore,
Benedict {26)* carried oud an experiment in which guayule plants
started from nursery stock were grown in three levels of temperature,
soll moisture, light intensity, and available nitrogen, and in all possible
combinations of the three levels of each factor. The plants were
grown in nitrogen-deficient loam in three-galion glazed crocks, two
plants to a crock, under uniform conditions for 4 months to become
established. The plants were then grown in the various treatments for
9 months, after which they were harvested.

From his experiment, Benedict concluded that “Soil moisture and
aitrogen supply had the greatest effect on the dry weight of the stems,
while temperature and light intensity had the greatest effect on the
dry weight of the roots.
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“The percentages of resins and rubber in both the stems and roots
were most affected by temperature, next by light intensity, while soil
moisture and nitrogen supply had the least effect.

“Several interactions ll:j;etween factors were noted. These usually
resulted where one factor beecame limiting so that the effect of a second
factor was not as great at one level as at another of the originul factor.
In only one or two instances did the eftect of one condition change in
kind with change in a second condition.”

Origin of rubber

The question has often arvisen as to whether the immediate pre-
cursors of rubber oviginate in the leaves and are then converted into
rubber in the rubber-bearing tissues, or whether these tissues might
take the photosynthetic products of Teaves of any plant and convert
them into rubber.

In a stody of the biochemistry of rubber synthesis, Bonner and
Arreguin (37) found that glycerol, acetate, acetoacetate, acetone, and
B-methylerotonic acid added to nutrient solutions increased rubber
formation in guayule seedlings, and suggested that these substances
be considered possible intermediates in rubber synthesis. These au-
thors alse found evidence that extracts of leaves of guayule plants
actively engaged in rubber formation, when added to the nutrient solu-
tion, brought about increased rubber formation in guayule seedlings.
Bxtracts of leaves of plants not actively engaged in rubber formation
did not increase rubber formation,

Arrveguin and Bonner {18) confirmed these resuits in another experi-
ment in which isolated stem sections of guayule were grown in vitro
and treated with the above mentioned substances. Since defoliation
experiments reported by Bonner and Galston {38) had indicated that
leaves perform an important role in rubber accumulation in guayule,
Arreguin and Bonner suggested that the Jeaves may form and supply
to the stem u substance or substances which act as precursors of rubber,
and that g-methylerotonic ueid may be regarded as a possible pre-
cursor of rubber.

Taylor et al. (245) conducted u serics of experiments involving
mterspecific and intergeneric grafts to determine if guayule rubber
is formed from specific precursors derived from guayule leaves (fig,
27). Reciprocal grafts of guayule (Parthenium argentatum Gray)
were made with mariola (. eneanwm H.B.K.), P. stramonium Greene,
sunflower (Helianthus annuus 1.), and Jerusalem artichoke (H. tu-
berosus L.).  All except guayule contain negligible amounts of rubber.

Their results indicated that guayule tissie grafted to non-rubber-
bearing plants contained rubber in the sanie percentages as comparable
parts of ungrafted guayule, and that the rubber content of non-rubber-
bearing plants grafted with guayule was as negligible as that of the
ungrafted controls. Therefore, they concluded that the degree of
rubber uccumvlation is a property of the rubber-bearing tissues and
not of substan. «s supplied to these tissues, and that the immediate pre-
cursors of rubber are formed only in these tissues.

Benedict (28) gave further evidence that rubber accumulation is a
function of the tissues in which it oceurs, by growing guayule plants
where leaves were under like conditions. Fe found that the rubber
content of the roots varied considerably at different temperatures.
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Function of rubber

The function of rubber has been a source of considerable speculation.
Enrlier workers presented the view that rubber serves as a food reserve
in guayule. Spence and MeCadlum (208) recorded losses in totad rub-
ber per plant of 10 to 15 percent during periods of vigorous growth.
Other workers, however, have failed to observe utilization of rubber
in guayule under conditions of mineral or carbohydrate exhaustion.
Traub {224} carried out some carefully controlled detoliation experi-
ments during the fall and winter months {from the middle of October
to the middle of Janunry) and showed that, even under conditions of
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Fiuere 27.—Graft of sunflower on guayule,
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severe carbohydrate starvation, there was no decrease in rubber per
plant.  Benedict (27) conducted a parallel series of defoliation experi-
ments during the active growth period of the spring months. Weight
per plant of free sugars, levulin, inulin, pentosans, resins, and rubber
were determined in original stem and root sections at the Laginning
and end of this period.” The plants were found severely depleted of
their food reserves as a result of repeated defolintion from Junuary 20
to.June 1 with a loss of from 35 to 40 percent in dry weight. There was
no loss in rubber hydrocarbon. Losses of rubber during periods of
vigorous growth, s reported by other workers, were attributed to
sampling ervors in harvesting that may occur at this time of year.

The view that rubber serves us u protective mechanism ngainst
drought hus been advanced from time to time, but no substantiating
evidenee has been oifered. There is no positive evidence that rubber
serves any physiological function in guayule,

Resins

In guayule, resin canals oceur throughout the plant in well-defined
systems. Artschwager (/9) states that, in the root and hypoeotyl, the
primary resin canals are derived directly from the two-layered endo-
derniis. Anticlinical divisions usually give rise to groups of four cells
which, upen delamination of adjacent cell walls, form intercellular
spaces whicl eniarge to become the resin canals, Subsequent ‘)ericlinu]
divisions of these cells form two layers, the inner one being known as
the seeretory layer, or epithelium. There is no definite endodermis in
the epicotyl or in the stem. Towurd the end of the growing season,
the stem tip of the seedling differs from the epicotyl in having resin
canals in the pith. Secondary resin canals are nlgo sehiizogenous in
origin and e derived directly from the cambium, Leaves and pe-
duncles ulso contain resin canals, For a detailed discussion of the
origi and development of the resin canal system in guayule, the reader
i~ referred to the publication of Lloyd (145} and Artschwager (79).
Some of the latter’s observations are not in agreement with those of
Lloyd.

Cortis (72) made o detailed study of the distribution of resing
(ncetone soluble substances) in guayule. These are found principally
i the bark and distributed rather uniformly here. The resin con-
centration in the bark of stems and roots of various ages in his material
ranged From approximately 7 to over 10 percent on a dry-weight basis,
‘The concentration of resin in the wood was considerably Tower. De-
duncles contained between 2 and 4 percent resin, and leaf samples
showed a resin content of about 10 percent. Resin was at a low con-
centration m the root as compared with that in the stem. Stems no
more than a year old showed higher resin concentrations than did
older stems.

In greenhouse experiments beginning July 6, 1H4, and ending
May G, 1945, Benedict, et al. (32) found a seasonal vuriation in resin
percentage which was not affected greatly or in any consistent manner
Ly moisture stress. The resin percentuge in leaves and stems generally
increasedd up to Neplember and November hurvests, respectively, and
then decreased until the May 6 harvest. The resin percentage in the
roots gradunlly decreased during the course of the experiment. There
was an actual logs in resins, which could not be accounted for, between
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November 6 and January 6, after which the plants continued to gain
in resing until the final harvest.

When a branch dies, Cuartis {72} found evidence that a considerable
sortion of rubber is converted to acetone soluble substances within a
few months' exposure to field conditions. The proportion of dead
twigs and branches increases with age as a result of competition withiu
the plant, and perhaps to some extent from cultivation injuries. The
effect of dead parfs on whole defoliated plants of advanced age, as
they are usually taken for analysis or commercinl mitling, is to lower
the rubber concentration and to raise conspicuously the resin concen-
trafion.

Research has uncovered many components of the resin in guayule.
They include essential oils, parthenyl cinnamate and partheniol (both
apparently indigenous to guayule), betaine, fatty acids, an unidentified
wax, - many other chemical constituents. -\ detuiled discussion of
the components of guayule resin is given in the Final Report, Nutural
Rubber Extraction and Processing Investigations, compiled by L C.
Feustel (08), project leader, U.S. zi:)epzu-tn'uant of Agriculture.

Physiological changes associated with hardening of
nursery stock

The nature of the carbohydrates in the guayule plant has been
studied by MeRury and Fraub (/85), McRary and Slattery {154),
Hassid of al. (722}, Traub and Slattery (£36,237), and Traub et al,
(£234). ‘Trauly and Slattery (226.2.37) showed that the main reserve
curbohydrates in guaynle ure the levuling, with inulin next in impor-
tance from the sinndpoint of total amounts present. Erickson and
sSmith (27) and Benediet et al. (32) mude similar observations. Re-
dueing sugars, pentosans, and inulin increased only slightly during
periods of liigh moisture stress while levulins inereased in large quan-
tities.  During periods of low moisture stress following ligh stress, the
percentage il absolute content of levuling decreased. indicating that
these were the main carbuhydrates. Traub and Slattery (236 ,237)
did not regard the monoswecharides as reserve materials since they
are present in relatively small anmounts and may be regarded as the
chielf earbohydrates of translocation.

Kelley ot al. (747) vonductecd an experiment to determine the
effects of soil moisture stresses on the amount and fype of growth
in the nursery and on subsequent growth responses of transplanted
guayule nursery stock over a 1-year period beginning June 3, 1943.
(The results of this experiment are summarized in the section, “Con-
ditioning Nursery Stock for Transplanting™ of the present paper.)
Based on analyses of samiples from these same experimental plots,
Traub ek al. {238) discovered certain correlations hetween changes in
earbohydrate reserves und moisture stresses ranging from very low
to very high during the growing period, and the carbohydrate reserves
of plants and their subsequent growth responses and survival after
transplanting in the field.

Traub et al. {248) found that “guayule plants grown under high
maisture stress in comparison with plants produced under low and
intermodiate moisture stresses (1) in October, contained relatively
greater percentages of total wuter-soluble carbohydrates, including
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80 percent ethanol insoluble levulins and inulin, and pentosans, (2)
retained a significantly higher pentosan content for the duration of
the experiment {to June), (3) began to utilize the water soluble enrbo-
hydrate reserve earlier in the springand to a relatively greater degree,

“For plants grown under high moisture stress, (1) the relatively
higher percentages of water soluble carbohydrates in October was
correlated in fall transplantings with more rapid growth resumption
and greater percentage survivaly (23 the retention of relatively higher
peatosan percentages in the tissues was correlated withi more rapid
growth resiwmption throughout the experiment: mud (3} the earlier
and more extensive ufilization of the water soluble carbohydrate re-
serves with earlier growth resumption, and velatively more vigorous
growih, resulted in a relative production of nearly three times as
much growth during spring as was produced by plants of any other
treatment,

“For plants grown under intermediate and high moisture stresses,
the effect of the relatively lower temperatures in fall and winter was
similar to that of very high moisture stress du ring the growing season,
feading in both instances to inereases in the percentage of total water
soluble carbohydrates, 89 percent ethanol ingolnble levuling and inulin
of the plant tissues.

“Plts meown under very low molsture stress apparently losi the
capaeity to accumulate inulin during the following fall and winter
inresponse to Jower temperatures, but retained the capacity for the
areumulabion of relatively lower percentages of total water soluble
carboliydrates and 80 percent ctlianol insoluble levuling in response
to lower temperatures.”

Nutrition (fertilization)

The munerous experiments conducted to determine the response to
fertilizers have indicated that guayule is o low user of the major
elements. Cooil {43), however, was able fo induce evidence both of
potassium deficiency and potassium excess in guayule leaves, Hunter
and Kelley (720).% in an experiment condieted on Chualiy loam of
the Aisul Nureery at Salinas, Calit, used N, P.0;, und K.O applied
to the soil at three yates, and with two placements in 21l possible com-
binations. T these nursery plantings, they found that nitrogen was
the only element rthar gave a significant increase in dry weight of
guagnle. This response was obtained only after 3 months of growth
alter applying 40 and 100 pounds of nitrogen per acre,

In freld plantings in the Salinas Valley, Kotley et ul. (742)* found
slight responses resulting Trom  nitrogen applications.  Nitrogen
fended fo inerease growth, decrease rubher content, and increase the
viell of rubber per were. ITowever, they concluded that it was doubt-
ful (hat the use of ferrilizer would be profitable on most soils of
Cadiforuia and the Southwest where guaynle might be OTOWIL

afer experiments conducted in ihe [alinns Valler (7.3} have shown
an mevease in yield of rubber per nere wilh moderate irrigation and
some fertilizer.  Fertilizer was not beneficial on dry land.

Tingey (2273, from an experttient candueted about 8 miles south-
enst of NaJinas, conelnded thay commercial fertilizer had little or no
elfeet on either shreub or rubber yields.
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I{unter and Kelley {/.22) conducted field experiments on a light
goil, the Delano sandy loam near Shafier, and on a heavy soil, the
Sorrento silty elay loam neur Crows Landing, in the San Joaquin
Valley of California. They concluded that “when all plots are con-
sidered, the applications of fertilizer increased the weight of shrub
but decreased the percentage and the absolute amount of rubber,”

Nitrogen was the limiting fertilizer factor on soils of the Yuma
Mesa in Arizona. On these sandy soils of Jow fertility, Davis and
Abel (8/)* found that guayule responded to nitrogen fertilizer only
after the roots had reached layers of soil containing some clay, which
retained the fertilizer lost from the sand by leaching. Nitrogen de-
ficiency was associuted with the nbsence of clay in the soil. This was
denmonstrated by mising a small quantity of clay with the upper 6
inches or more of soil. A remarkable growth response to nitrogen
took place within 2 months. Their data showed that nitrate and
anmonium nifrogen produced increased growth, whereas phosphate
with or without nitrogen produced no response. In his final report
lor this area, Davis {75)}* pointed out that the best fertilizer was
nitrate nitrogen applied as Chilean nitrate, and that the addition of
the same amount of nitrogen, ecither as wmmoniwm sulfate or as
mannre, did not produce as much growth as nitrate nitrogen. These
results confirmed those of Bonner (36¢) who grew nursery seedlings
in uurrient solutions in 1.5-gallon cans containing +-mesh gravel.
Davis (77)* Found that plants receiving most or all of their nitrogen
as ammonium grew less and accumulated less rubber over an 8-month
period than those receiving all or most of their nitrogen as nitrate.

Gruayule at Yuma did not respond to the minor elements—culcium,
iron, magmesium, and sulphur, Davis concluded that these minor
clements were available in these soils in sulliclent quantities for
miavule growth.

Hunter and Kelley *(23)* found that applieations of the minor
elemenis~-horon, copper, manganese, zing, iron, and magnuesium—
wore pot required to produce satisfactory nursery stock on the Chualar
loam or the Crreenlield coarse sandy loam soils of the Alisal nursery
near Salivas, C‘alif,

Mitehell of al. (768 studied ihe eifects of deficiences and excesses
of boron on guayule in gravel eulture and found guayule to have a
refatively wide tolerance to that element,  Boron deliciency was asso-
cintedl witly recduced vegetative growth and lowered percentages of
rubher,

Iitlgeman (224)* concluded that the nitrogen and phosphate fer-
tilizers used in his experiments on Gila elay loam and Papago fine
sandy loam in the Phoenix area of Arizona did not increase growth
or rubber produetion of guayule.

Dravis (73)* veported that gunayule grown in the Mesilla Valley
{Anthony) of New Mexico did not respond to nitrogen, phosphorus,
e aeomibination of the two.

On soils in the Pearsall aven of Texas, Crain (62)* found that plots
fertilized with 20 ponnds of nitrogen and 40 pounds of phosphorus
per aere prodaced more rubber than nonfertilized plots, owing to
mereased yields of shrub on fertilized plots.  Fall application of
fertilizer was more beneliciad than spring application,
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MeAfee and Miller (750)* conducted numerous experiments in-
volving the use of fertilizers in the lower Rio Grande Valley of Texas.
In none of their experiments did fertilizers have any effect on guayule
production.

A spacing and fertilizer experiment conducted by Cowley (66)*
on newly cleared, Brennan fine sandy loam at Raymondville, Tex.,
indieated no increase in shrub ov rubber trom the fertilizer freatments.

Salt tolerance

The prevalence of excessive quantities of salts in soils of some arveas
i (he arid Southwest is well known. Although the Emergency
Rubber Projecr attempted to avoid soils of known high salt content,
sulty soil conditions were found in a few of the production and test
plantings.

In a 160-acre planting near Coalinga, Calif., an irregular growth
of the guryule soon became apparent. Small irregulay patches were
growing vigorously, whereas most of the plants were stunted in vari-
ous degrees.  This frregular growih pattern, together with discernible
differences in the concentrations of soluble salis in the soil led Mickel-
son (164)* 1o nvestigare the relationship between plant vigor, as
meusured by volume growth. and salt concentration in a 18-acre plot
m a portion of rhe field where there were plants of widely different
growth charnetevisties.  Ile found a pH range in the field of approxi-
mutely 840 to 9.5 and a salt content in the soil profile down to 60
inches from the surface from less than 0.1 percent to move than 3.0
pereent insome of the layers.  The most vigorous plants were orowing
where the soil contained very slight amounts of salts throughout the
profile (0.1 to 0.3 percent). The vigor of the plants was reduced
somewlut where ihe average salt content was 0.3 percent or only
slightly greater within 20 to 30 inches of the surface. A salt content
of 0.3 percent or greater in the upper part of the root zone, 12 to 18
inches, greatly veduced the vigor of the plants. Relatively high ac-
cumunlations of up to 1.0 pereent soluble sults in the surface layer of
riclges apparently had little or no effect on the vigor of the plants.
The bulk of this accumulation wus probably localized in one or two
inches of the surface soil and took place after the guayule was irri-
gated, thereby reducing the salt content of the Inyer below.

Retzer and Mogen (/83)* summarized later data compiled by
Mickelson on subsequent treatments in the Coalinga plot and also
reported their observations on salt tolerance in a second plantation
site Jocated near Bakersiield, Calif., together with a third site located
in the upper Salinas Valley neanr King City, Calif. An indicator
plot Jocated near Conlinga on Panoche fine sandy loam was also
studied by them. The dominant salts were usually the salines, espe-
cially NaC'l and Na80,. In the Bakershield site and in some deep
subsoil samples of the Coalinga ficld, the strong reactions with
phenophthalein were accepted us indicaling the presence of Nu.CO,.
Segregated gypsum was present in the King City field and was espe-
cially pronounced in the Cooalings fields.

Tlhieir observations on growth behavior of 2-year old guayule grown
in these fields mdieated that the various salt concenfrations had a
marked elfect on growth as well as on rubber concentration. Guayule
was either killed or greatly retarded in growth where the concentra-
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tions in the first or second foot were 0.6 percent. Guayule grew
well where the salts did not exceed 0.3 percent anywhere in any 5-foot
profile layer. Concentrations between 0.3 percent and 0.6 percent in
the surfuce 2 feet markedly rvetarded growth regardless of lesser
degrees of concentrations oceurring below this depth.

tetzer und Mogen also noted that the rubber percentages increased
with inereasing salt content and decreasing size of the shrub. At the
same time, the total yield in pounds of rubber per acre was materially
lowered because of the decreased tonnage of shrub,  When compared
to yields from sali-free soils, they concluded that production was not
Feasible when the salt confent in the 3-Foot profile exceeded 0.3 percent.

The inereased deposition oF rubber in plants in salty soilswas attrib-
utedd to stress brought about by the osmotic pressures of the salts.
Althongh tosicity might have played some part in the death of plants
in bare areas, physiological drouth seemed a more plausible explana-
tion.

Wadleigh et al. (245) conducted a carvelully controlled experiment
in which guayule plants were grown in large containers of Panoche
Il obtained near Coalinga, Calif., to determine the response of
guayitle to different concentrations of Na('l and Na.50, under three
diferent conditions of soil-moisture regime.  Without the addition
of =alls, the rubber content inereused with inerensed moisture stress.
These vesules vonfivmed those of Kelley et al. {74/) who were working
with a nonsaline soil.  Waudleigh et al. found an increase in rubber
pereentage ai the lower ranges of moisture stress whether the stress
wis induced by nolsture tension or by osmotic pressure of the soil
solution.  Tlhey presented evidence to show that really high stress
resitlting from w combination of both high soil-moisture fension and
appreciable quantities of =ales in soil solutions reversed the trend of
rolitions between rubber percentage and moisture stress.  These re-
<ules snggested an incompleteness in the findings of Kelley el al. since
the positive relation between rubber pereentage and moisture stress
appeared 1o lwld only for the lower range of average moisture siresses.

Sinee high moisture stresses had been found to influence the photo-
synithetie reserves in othier species, Wadleigh et al. believed it physio-
logieally valid to expect n decrense in rublber concentration at very
higl levels of moistuce stress, - Furthermore, they observed that, when
suavnle plants were grown under very higl stresses, the lower leaves
of the plants died very rapidly.  They also conclided that the inhibi-
tion of wrowth was related to totul moisture stress regavdless of
whether it was ue to moisture tension or fo osmotic pressure of the
soil=anlls in eolution.

Retzer and Mogen (184)%, in comparing thelr results with those of
Wadleigh or al. (.243), suggested that, wirh the exception of the
Conlinga field, the irvigation schednles of the indicator plot and the
Haker<ficld amd King City {ields might have been sullicient to prevent
the nttainment of moisture tensions required for a reversal in rubber
aceumubtion,  Noexplanation wis olfered for the lack of reversal on
Levis elay in the Coalinga field. This lield had received a total of 10
inehes of wader in May and Jane of 190 and received ng water the
balanee of the ~eason,

Wadleigh and Gaueh (244 grow guayule plants in sand culture
with n control nutvient solution and also in culture with the same solu-
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tion but with one, two, and three atmospheres of osmotic pressure of
four salts studied separately, viz, N2.SO,, Na(Ql, CaCl, and MgCl..
They found guayule very sensitive to magnesium. The plants were
killed by the lowest concentration of Mgl used. Fairly satisfactory
growth was obtained with three atmospheres osmotic pressure of
added (aCl. Although the plunts were relatively sensitive to both
sodium salts, they were more sensitive at highet coucentrations io
Nae50¢ than to NaC'l at equal osniotic pressures. Guayule being
tolerant to CaC'l, and extremely sensitive to Mg(l, suggested that “the
concentration of chloride lon per se would be a poor mdicator of the
inhibitive effect of u given substrute on growth unless information
was availuble as to the eationic composition of the sohutes present.”
Lt the light of their studies, Wadleigh and Gauch coneluded that
“gunyule may not be regarded as u salt-tolerant plant.”

Vegetative propagation frem cuftings

Swith (204) made many wttempis to root stem cuttings from var-
tous parts of the gunyule plant. Cuttings usually failed to root satis-
factorily in sand, soil, or pent-sand. Although high percentages of
rooting (up 1o U percent) were occasionally obtained, the results were
not consistent. The variable results were utrributed chiefly to pata-
stz by several fungi, notably Botrytis cinereu Pers, and Sclerotinia
seleralioron (Lib.) Mass. Best vooting was obtained with 2-inch
terminal cuttings in sand.

In experiments to determine the proper frequency of water applica-
tion, best resalls were obrained in sand when water was apphed daily.
These observations led Smith to test rooting in aerated water. The
preliminary vesults showed exceptional promise. One thousand
d-inch cattings were suspended on & wooden ek perlorated bfr
Li-inel holes {123 per synare foot) over a wooden tank equipped with
earbon nerators and heating cables for maintaining a thermostatieally
controlied temperature of 167 F. Before plecing 1n the tunk, four-
litths of the cuttings were sonked for 12 hours in 1-36,000 indole
butyric acid. Swellings of the treated cuttings occurred within 5
days and the fiest roots appeaved in 9 days.  Within 17 days, 80.0
percent of the cuttings were rooted and after 3 weeks the percentage
of rootings was 832, with some of the unrooled cuttings showing
swellings. LAt this time, nene of the untreated cuttings had rooted,
although a few showed enlargements at the nodes.

Another experiment was conducted with cuttings treated with in-
dolo bulyric acid placed in sand and in aerated water, to compare the
pereentages of rooting, and the number of roots per cutting.  Cut-
fings inosand were treated with « 1~1000 tufe preparation of indole
butyric acid, a treatment found saperior Lo soaking m a water solution
of this acid. Those in seraled waler were previously souked for 12
hours Ina I-50010 solution of indole butyric acid.  The temperature
of both sand and water was maintained at 76 I,

Eirhty pereent of the cuttings in acrated water were rooted before
any had rooted in sand.  Final observations on those in waier were
made at 21 days, on those in sand at 42 days. At the end of 42 days,
h2.8 pereent of those i sand had rooted, whereas the percentage rooted
in aerated water was 912 percent in 21 days. Only 2.6 percent of
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cuttings in sand had more than 5 roots per cutting, whereas over 63
percent of those grown in nerated water showed more than 5 roots per
cutting.  As many w5 26 roots were counted on one stem. Four-inch
cuttings in neruted water showed enlarged regions up to 3 inches
above the cut end.  [n sand, the roots were confined to & swollen por-
tion at or very near the base of the cutting.

At Manzanar in the Owens Valley of California, Nishimura et al.
(£68) obtained exvellent results in rooting cuttings in sand provided
the sand beds were properly prepared to maintain both acration and
moisture at the buse of the cuttings.  Three layers, each of u different
giade of sand, were used In nursery flats 3 inches deep and 18 inches
square.  The Lotiom layer consisted of about 1 inch of t-mesh gravel.
Above this was a I-inch layer of 8-mesh sand.  To minimize excessive
evaporation becanse of the high remperatures and low humidity oe-
curring during the summer months, a %-inch layer of 16-mesh sand
was used on lop.  Propagation was also carried out in sand beds 6
to 8 inches deep in lurge redwood frames built up ofl the ground.
With such deep beds the use of a lower layer of gravel was unnecessary
sinee wood dramage was easily maintained.  However, & surtace layer
of Hoe sand was wed i order to maintain high humidity at the base
of shorr eullings. Bottoms of flats and frames had cracks wide
enough to pernit good drainage.  To reduce evaporation further, cel-
lophane covers were placed over the frames, and the nursery flats were
kept eithier in frames covered with celiophane or in a glass house.

Ehe technique for making desirable cuttings depends on the stuge
of growth of the parent material.  In early spring growth, the first
internodes arve usually shorter than those of the previous season’s
srowth.,  Best vesults come [rom cuttings taken before the stage of
mpid clongation s reached. The cut should be made just below the
node sepurating ol mnd new growth, leaving a small portion of the
seeond-yenr wood.  The older lTeaves should be removed. These cat-
tings, including the leaves, are usually about 2 inches long. The cut-
tings shonld be inserted in the sand beds a little more than a half their
totrat It so that the cut ends pass through the surfuce Jayer of fine sand
into the layver of couser sand below. Cuttings made in the above
nmnner later in the season ave too long for hest results. The cut
shatld then be made 1 o 115 inches below the growing point and im-
metliately below a node. The lower leaves should be removed and
the tops of the remaining leaves trimmed.  These cuttings may root
as well as those of eavly-season growth, but they require move care
Lerause they are more suseeptible to damping off.  Dormant shools
as well as woody cuttings may root without difliculty, but they are
slower starting than herbaceous cuttings,

Bxeept Tor the untreated controls, the cuttings were treated with
the following hormones: indole butyric acid, naphthalene aeetic acid,
naphthadene oxyacetic acid, and naphthalene acetamide. These were
asesd i both powder and Hguid preparation. s a powder applica-
tion, using tale as a earrier, tw coneentrations ranged from 0.50 to
200 me. per gean. s a lguid mediam, the hormone concentrations
ranged Trom 10 10 60 mig per liter,  Cuottings were treated by stand-
ing thew in the Hiquid media for $6 hours, or by dipping the cut ends
in the fale preparations and shaking oll the excess.

754-528 045 1]
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Cuttings treated with liquid hormone solutions were more susceptible
to damping off. The tale treatments were less critically dependent
on concentrations.  Naphthalene acetic acid and naphthalene oxya-
cetie avid were notably toxic at the higher concentrations. In general,
the treatment with naphthalene acetamide produced thicker, more
vigorous roots, aid move secondary roots than the other hormones, al-
though sometimes the treatment with indole butyric acid produced
roots that looked equally pood.

By the use of these ru(*Tmiqueﬁ, the rooting of more than 95 percent
of the cottings was obrained in 2 1o 8 weeks with or without hormone
treatments. “This contrasts with the experience of Lloyd (145) who
was inuble to induce rooting of guayule stem cuttings except when s
portion of root tssue was involved. In general, the optunum hor-
mate coneentrtions wsed showed litle advantage over the unireated
controls provided the vuitings had been eut to the proper distance
helow the growing point to give best results, When long cuttings
were made From plans that had undergone rapid elongation, the un-
tveated controls gave a high pereentage of failures, while those treated
with hormones rooted as well as did short cuttings taken before elongu-
fion and rooted without hormones,

woted cuttings were easily transplanted to the field, where they
started growth more rapidly than transplanied seedlings. They re-
sulted in larger and more uniform plants durine the frst season's
growth and produced seed earlier and more :lbun(T‘untly. There was
some evidence that the cuttings contained more rubber than {rans.
planted seedlings duving the first year's growth.

Erickson and Smith (97) compared rooted cuttines snd trans-
planted neesery seedlings with respect to growth and rubber and resin
contents. A fter £ months in the field, the rooted enttings had pro-
dured @ move extensive rool system than the transplanted nursery
seedlings,  Sonples were harvested afier 8 months and again after
22 months from time of transplanting.  [n all respects the mezn
values for the euttings were slightly higher than for the nursery seed-
lings.  However, five replications did not show any statistical
significances.

In another experiment, havdened 3-month-old greenhouse seedlings
were included wlong with nursery seedlings and rooted cuttings.
Sampling ab the end of 22 months indicated no significant differences
between dry weights of aursery ~eedlings and cuttings although the
shightly lavger size of the cuttings was again evident, but the results
were Dighly significant for pereeniage of rubber and resin, and for
yield in favor of cuttings.  (ireenhionse seedlings were berter than
either nuesery seedlings or cutlings i all respects.  But only in per-
ceatage of resin and yield of vubber per plant were they significantly
better than cuttings.

They noted that the higher percentages of cubber were associated
with the lacger plants and that (heir vesults were not in line with
those of Kelley, ot al. {£44), who lound a negalive corrvelation in
growth of nursery seediings wnder conditions of soil moisture siress;
or with those of Federer (), who lound a negative correlalion
between plant size and rubber concentration for the commercizl
variely 393, Erickson and Smith (24} offer some possible explanations
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for the poesitive correlution they obtained. The positive relation
between rubber percentage and size of the three types of plant material
used might indicate that they had started to grow at different times,
the early recovery giving advantage of size as well as age of tissues
for rubber. Relarive amounts of root system and reserve foods also
coult be important faclors in determining size.

Although vegetative propagation of guayule may be of scientific
interest in presenting opportunities to study homogeneous materind,
Trickson wid Smith coneluded that this method ™is obviously im-
practical for commercial application in the production of rubber
plantations.™

Seed dormancy

Freshly harvested puayule seed quickly enters a period of dormancy
and will erminare only up to approximately 6 percent. The failure
to obtain good germination can be accounted for by two types of
dormancy operating independently: (1) an inner seedcont dovmaney
that may last 12 months or longer; and (2} an embryo dormancy of
approximately 2 months” duration, fivst veporied by Benedict and
Robinson (25, The lewath of thne required for the complete dis-
apperrance of the hiner seedeoat dormaney varies with different seed
lozs and wich the manner in which the seed is stored. The mner sced-
cout i3 a thin, tenacious woembrane enclosing the embrye, and in
freshly harvested seed, it is highly tmpermeable to the exchange of
earbon dioxide and oxygen gases,

Benediet and Robinson (-25) rveported that the brenking of seed
dormaney niwy be hastened in several ways. Searifving or puncturing
the inner seedeoat of seed > weeks old or older was Tound to increase
veriingiion to approximately 93 percent, which seemed to indicate
that the tough, impermeable seedeoat is the most importunt canse of
delayed germinacion exvept in freshily harvested seed. Threshing the
seed by removing the aceessory floeal parts from the achenes nlso
hastens germination.  Apparently the pericarp wall is weuakened by
threshing, thersby allowing greater access of gases fo the inner seed-
coat and thus more rapd oxidation.  Complete germination of
threshed seel was obtmined after approximately 6 months. The
embryo dormancy of freshly harvested seed (less than approximately
8 weeks old) could be partially broken by stratification or by storing
the sced at about 4 (. tn moist sand or peat priov to scarificanion.
toe {80 * indieated (he possibility of guayule seed being sensitive
to light during vermination. nud Benedict and Robinsen (43} showed
that a higher percentage of Treshly harvested seed gevminated in the
fteht than in the dark.

An effective and expedient means of breaking scedeont dormancy
is the treatment with sodium or caleium hypochlorite, n method first
deseribed by MeCallumy under 7.8, Putent No. 1,735,833 (/51), and
Tater made available to the 178, Department of Agriculture.  With
verluin modifications, i hecame the standard treatment in all nursery
work Involving dormant, unthreshed seed. The treatment consisted
of washing unthreshed sced in water for 18 hours, after whicli it was
sonked for 2 hours in a sodium hypochlerite solution containing L5
pereent by weight of available ehlovine, used at the rate of 214 gallons
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per pound of seed (20 to 1 by weight). With threshed achenes, Bene-
dict and Robinson (43) reduced the amount of available chlorine to
0.5 percent.  Seed was then rinsed in water and either dried or planted
while still moist.

Benedict and Robinson (33) demonstrated that ofher agents such
a3 proper concentrations of hydrogen peroxide, perchloric acid, or
nitrie acid also would Induce guayule seed 1o germinate, ind aling
that the oxidizing action of the sodium hypochlorite on the seedcoat
was respousible for breaking the dormancy, and that the sodium
hypochlorite itself did not have any specific property. 1In spite of
these treatments the seed did not germinate fully until the embryo
dormuney had disappeared.

Emparan and Tysda) (87) demonstrated that both embryo and in-
ner seedcoat dormancy of freshly harvested seeds could be completely
liroken with the proper use of light and temperature in addition to
the sodium hypochlorite treatment.  They treated threshed seeds with
# #i-pereent sodium hypochlorite solution for 2 hiours, washed, and
dried thenmi,  They then surface-planted the treated sceds in fafs,
where they were exposed to daylight for 4 days, during which they
were kept constantly moist.  Subsequently, a standard caver of 6 mu.
(approximately 14 inch) of sand wasapplied.

I Hilllllllf}n(l (Z2.2t7) reported thut gibberellin also could break the dor-
maney of guayule seed, and compared the effects of gibberellin and
solium  hypochlorite in combination with light and depth of
planting.

In a preliminary experiment, light alone was found effective in
breaking completely the embryo and inner scedeout dormancy of
freshly harvested achenes when these were germinated on moist sand
n petri dishes and exposed to daylight for approximately 3 weeks.’
(ibberellin, applied by soaking the achenes in an aqueous solution
of 1,000 p.p.m. for 6 hours or longer, broke both embryo and inner
see Jeout dormaney of freshly harvested achenes under an immedinte
Fy-inch sand eover without light, while sodium hypochlorite, an exidiz-
inge agent, was equally eifective but required a supplementary +-day
light treatiwent during germination. Progressively reducing the
deptl of immediate sand covers rom 1% to 1y ineh greatly increased
wermination of untreated achenes and achenes treated with sodium
hypochilorite, mainly because of the effect of transmitted Hght through
sandl. These resulis conlirm observations of Engstrom (88)* which
indieated “that cqually good or belter stunds were obtained in the
berls with reduced depth of [sand] eover.” ITowever, he oftered no
explanution for the better stands.

Diseases of Guayule

Unftil alter the Emergency Rubber Project was organized in 1942,
conrparatively little wag known concerning the disenses of guayule,
Lloyd (£37) deseribed briefly a disease fungus, Puceinin purihenii
Areth, norust sl little timportance found generally distribnted theough-

TIn native stamls of swayvule, che innmesdiate breaking of seod dormaney by
continuons cxposnre fro dnylight would he welvanbigeous during favorable ois-
ture perieds sufticiently prolonged to allow young secdlings o bocute established.
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out nutural stonds of guayule. He also reporied it on plants grown
nnder irrigation, The fungus appeared to attack only the older leaves
that still remained attached from the previous year. Under dry con-
ditions these lenves are usually shed, leaving only terminal clusters of
small new leaves. The rust has never been reported or guayule north
of the Mexican border.

Following the expanded planting program of the Emergency Rub-
ber Project in Californix, Arizona, New Mexico, and Texas, several
isenses of importance were found in cultivated stands, and studied
cxtensively by numerous workers, A summary of the studies of these
iliseases und their control was made by Campbell and Presley (50).
Addicott (2) described injuries of gunayule seedlings resulting from
splash caused by rain or wind.

Plantation and nursery diseases

Campbell and Presley (860) state that “on most irrigated and non-
irriguted, well-drained soils, loss from disexse was not an important
Factor in the production of nursery or feld-grown guayule. How-
over, serious disease losses occurred in localized areas on poorly-
drained soils under irrigation and on well-drained soils when excessive
amounts of water were applied. Careful control of irrigation was
Lound necessary tp avoid disease loss on many irrigated piantings.”

Verticillinm wilt. Verticillium wilt {fig. 28) is caused by the soil-
inhabiting fungus Verticillium albo-utrum Reinke and Berth. The
isense is distributed generally and is prevalent in the Mississippi
Deltn and the Southwestern United States. This disease attacks the
roots of a wide variety of cultivated crchard and crop plants and,
by interfering with the wuter supply, induces a wilting of the tops.

(Guayule is highly susceptible to this wilt, both in the nursery and
in the plantation. “The disease is characterized by a yellowing and

FioorE 28.—Guayule plants affected by verticillinm wilt, The plant on the right
shows partial recovery from o spring infection.
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dying of the lower leaves. Splitting the lower portion of the stem
and tap root reveals a brownish streaking in the wood eaused by
discoloration of the cell walls and Alling of the vessels with a brownish
ov vellowish insoluble gum (fig, 29).

The more severely infected plants, showing symptoms similar to
plants suffering from drought, die. In less severely infected plitets,
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Ficrre 20,—Verticullium wilt on # guayule plant causing vaseular injury.
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ocensionally a single branch or twe will wilt before the symptoms
appear in the rest of the plant. Under favorable conditions some of
the less severely infected plants apparently vecover. Mild infections
in some cuayule plantings result only in a stunting of the plaats, in
which cuse, i external symptoms are lacking, reductions in yield might
not be attributable to verticitlium wilt.

ConsiGerable experimental work has been done to determine the
influence of temperature and moisture on the development of verti-
cillium wilt. Schneider (20) observed the behavior of plants grown
in various places in Culifornia between 1943 and 1945 to test their
reaction to verticillium wilt under different temperature and moisture
conditions. [iis results seemed fo show that the fungus is active in the
soil at all moisture levels above the wilting point and that temperatures
hetween 63° and 80° F. are most favorable for its growth. Summer
temperatures in the Salinas Valley were considered optimum. The
temperatures in the Bakersfield area were either above or below the
range except in the spring and fall when the fungus became active.
Prevention of infection in the Bakersfield area was obtained by hold-
ing the moisture content of the upper soil layers near the wilting
point, » condition too dry for the satistactory growth of guayule.

Campbell and Presley (50) concluded that there is at present no
known method of effectively controlling verticillium wilt except by
avoiding soils known to be infested, or using disense-vesistant varieties.

Early investigations by Schneider (200) on some of Dr. McCallum’s
varieties showed highly significant differences in resistance to vet-
Heillium wilt. More recently, Gerstel’s observations (707) on a plant-
ing made at Stanford Tniversity in 1947 indicated that diploids
having 36 chromosomes were more severely affected by verticillium
wilt than polyploids in an adjacent plot. In the following year,
counts of diseased plants in field plantings made near Salinas showed
highly significant clifferences in susceptibility to verticillium wilt be-
tween diploids, triploids, and tetraploids, the resistance increasing
with chromosome number. The relative susceptibility of Dr. Me-
Callum’s polyploid varieties represented in these plantings followed
the snime trenri as that of the same seven varieties observed earlier by
Schneider (200).

The lack of representative selections from a larger number of
natural populations led Gerstel (/07) to doubt whether resistance to
verticillium wilt in guayule was a function of polyploidy, or whether
resistance might have developed independentiy of chromosome num-
ber in certain areas of Texas and Mexico where the original collections
were made.

Although statistical data ave lacking, observations in the guayule
breeding nurseries at Sulinas seemed to indicate, in general, that hy-
brid selections (of all chromosome levels) hetween guayule and P.
tomentosum D.C., var. stramonium (Greene) Rollins were highly
resistant to the wilt.

Phymatotrichum root rot. Phymatotrichum omnivorum (Shear)
Dugg., the fungus causing this disease, alsv known as Cotton or Texas
Root Rot, is widely distributed in caleaveous soils threughout south-
western North America, It lius been found on more than 2,000 differ-
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ent kinds of eultivated and wild plants. It is highly destructive to
cotton in Texas, Arizona, and Mexico,

The disease was first observed on guayule in 1930 by RKzekiel (94)
in a guayule experimental planting of the Intercontinentad Rubber
Company at Diltey, Tex., where he found u loss of abont 6 percent
of the plants as compured with a T0-pereent loss of cotton plants in
some nearby fields.  Subsequent inoculation experiments confirmed
the relutive susceptibility of guayule aud cotton to Phymatotrichum
roob rof.

The disease was again observed by Presley (£8/) in 1943 and 1944
in severwl of the Bmergeney Rubber Project guayule plantings in
Texns. The most severe losses {fig. 20) occurved in the warm areas
of southeast Texus, which also have a relatively high rainfall
Presley also observed in experimental plots having differential irei-
gadion treatments that the rate of moctality from root rot increased
in those which received the most water. '

‘The disease is generadly characterized by 2 sudden wilting of lush
plants, drying and eurling of the leaves, as u result of leisions givdling
the taproot.  Wilting is less pronounced in disensed plants not in a
stafe of lush growth. If the roofs ave not too severely affected, the
plants may recover during the winter when the fungus is in a dormant
state.

Since similar symptoms ave induced by other root-rot fungi, a posi-
tive dingnosis can be obtained only by isolating (he causal organism,

T

Frouse 30—Cuayule planting showing reduction in stand resulting from
Phywatotrichum voot rot.
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Diagnosis of Phymatotrichum in the field sometimes may be made if
yellowish or brownish, fuzzy, mycelix are detected on the surface of
the roots. Freshly diseased tissues are brownish and become darker
and shredded with age.

Land known to be heavily infected by Phymatotrichum, especially
in areas similar to those of southeast Texas, or any heavy soils under
irrigation, regardless of location if the disease is known to be present,
should be avoided. Light nonirrigated soils where moisture con-
ditions are less favorable for the organism are to be preferred.

Charcoal, or crown rot. Charcoal rot is caused by the fungus
Seterotiwm butaticola Taub. It s widely distributed in warm climates
and is prevalent in the drier central and southwestern United States,
causing losses in a wide variety of cultivated crops, such as corn,
sorghum, beans, sweet potatoes, and cucurbits.

The presence of charcoal rot in guayule often may be detected in the
field by splitting the lower stem and root lengthwise. The internal
tissues show au black discoloration, and dark brown, sunken lesions
often appear at or below the soil line, followed by a progressive dying
of the tops.

The Arst extensive outbreak of the disease on guayule was observed
by Presley (/87) in 2-year-old dryland plantings near Pearsall, Tex.,
after an abnormal period of hot, dry weather during the summer of
1044

Norton and Frank (/70) reported ancther serious outbreak that
occurred during the summer of 1951 in guayule nurseries in the Winter
Garden area of southwes* Texas during a period of hot, dry weather.
Damage was estimated to be around § percent, with losses up to 50 per-
cent or more in some localities. It was noted that increased irrigation,
despite high air temperatures, greatly reduced the loss from charcoal
rot.

Tt was also noted that in areas where chavcoal ot infection was
comparatively light, damage was less severe In plantings of narrow
spacing than in plantings of wider spacing. Similar observations
were made by Presley (780) during the outbreak of the disease near
Pearsall in 1944, Counts made August 22 on 10-, 20-, and 40-inch
spacings indicated losses of 6.3, 8.9, and 10.3 percent, respectively.

The correlation beiween closer spacing and lesser degree of infeciion
has been observed consistently. This correlation was difficult to ex-
plain. Tingey {227) showed that soil samples taken for moisture
deterininations around closely spaced plants became drier during
trrigation experiments than those taken frem the wider spacings. It
was frequently abserved that widely spaced plants grew more vigor-
ously than closely spaced plants. Norton and Frank (170) suggested
that the lass vigorously growing plants possibly develop a greater
thickening of the outer root layers, which might retard the entrance of
the fungus. They also suggested that o greater storage of resins or
other substances under these conditions could conceivab v increase the
resistance in the slower-growing plants.

Charcoal vot, which oceurs in the nursery as well as in the plantation,
has become a disease of increasing importance during recent years. It
was found, apparently for the first time, in 1957, on guayule growing in
California, although it is known to occur on various other crop plants
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m the warm vulleys. Both pyenidia and sclerotia were found on the
plants and the same organism was recovered in cnlture plates. Norton
(163) reporied that Maerephoming phaseoli (Maulb.) Ashby, the
pyenidial form of the fungus, had never been found on guayule.

It is now well estublished that charcoal rot is favored by hot, dry
weather following a period of lush growth. Applications of water
will readily control the disease in spite of high temperatures. Clean
cultivation Lo conserve moisture during the drier periods is also im-
portant (/3).  Breeding varieties of guayule resistant to charcoal rot
seems to offer the best solution, since irrigation water is expensive and
not always available or even desirable because conditions are not al-
ways fuvorable for high-rubber yields.

It had been ohserved repeatedly in ‘Pexas that Dr. MceCallum’s com-
merclal variety 593 was move highly susceptible to charcoal rot than
the more vecently developed -h263-X, and there were also indications
that other selections of guayule showed differences in susceptibility.
Iybrids with £, tomentosum D.C., var. séramonium (Greene) Rollins
grown in Texas, showed a high degree of resistance to charcoal rot (13).

Sclerotinia vot. Selerotinia sclerotiorum (Lib.) DBy. and 8. and
N.oominor Jagger caused the greatest loss of seedlings in the Salinas
nurseries, as well as many plants in storage in 1042 and 1043,

These fungl are most common in areas of continnously cool, moist
weather., They are two of the most destructive diseases of vegetable
crops in the field and in storage.  Both species attack beans, lettuce,
carrots, and other crops; the ineidence of infection in the guayule nur-
series was closely correlated with previous infections on such sus-
ceptible crops.

The allected plants are characterized by a soft, watery, odorless,
rot of stem and root tissue. White cottony tufts of mycelium (fig. 31)
forin on the sarface of the diseased plants, later giving rise fo long-
hived sclerotia, which are capable of perpetuating and ncreasing the
infections.

As in the case of most pathogenic fungi attacking guayule, losses
due to Melerotinia ave closely related to soil moisture and favorable
growth temperatuves.  Bxcessive irrigations and poorly arained areas
should be nverded, especially land on which susceptible vegetable crops
have been grown.

Campbell (48) observed the loss of plants caunsed by 8. minor and
S. selerotioren in a 256-acre guayule planting near Salinas, Calif.
over a 3-year period. Under moderate 1rrigation in 1843 the loss was
less than 1 pevcent.  Very few plants died in 1944 when no irrigation
was :tppije{]l, whereas in 1943, when heavy summer irrigations were
applied, the averago loss was § percent, ranging from 5.3 to 14.4 per-
cent for diffevent areas. Isolations from plants taken at random
showed that 83 percent of the loss was caused by S. minor and 17 per-
cent by . selerotiorum.

Phytophthora rot. Phytophthora drechsleri Tucker, the causal
agent of this rot, has been observed in most areas where guayule has
been planted. Itaffectsboth the root and evown, and it is characterized
by a sudden witting of the plant. The voot lesions are black and are
slightly sunken and firm.  The diseased cortex is dark brown to green-
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Fioure 31.—Cueyule plants affected by Sclerotinia rot.
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i black or freshly dug plants, becoming dull black upon drying.
Woody portions near the lesions are also discolored.

This Fangus reqoires abundant soil moisture and an optimum soil
temperature of approximately 83° F. for its development. Since soil
temperatures below 60° I'. check the growth of the fungus, it, there-
fore, rarely develops during the period of dormaney in puayule.

‘The vot has been prevalent in guayule on irrigated Jand,~ 1t has been
tomnd oceasionally in deyland plantings on heavy soils which have
tetained sufficient moisture from winter rains to initiate infections
when soil temperatures become favorable.

In order to centrol this disease, it is obviously essential fo avoid ex-
cessive nrigations,  Conditions of oversaturation may be difficult to
avoid vn poorly drained or heavy soils,

Seedling root rot. ythium ultimum Trow was the causal agent
ol w root rob of nursery and direct field scedlings of guayule reported
by Campbell and Sleeth (54) in California. When plants 1n the
cotyledonary stage were affected, the disense was known as “seedling
rool rot.”  When the organism attacked tap voots or root crowns of
older zeedlings Trom 6 to 16 weeks, the disease was commonly referred
to as “pink vot,” owing to the pinkish or reddish color of the woody
cylinder al the lesion. It not too severely affected, the seedlings may
recover under good growing conditions especially when there is a re-
chietion of motsture in the upper 2 to 3 inches of soil, Recovery is
brought about by the formation of lateral roots above the lesions of the
fap root.  Ilowever, if the lesions oceur at or near the crown level of
the tup root, sudden wilting and deatli of the plant may result.

Although the overall losses in seedlings were not serious, consider-
able mortality oceurred in localized areas, especially in heavy, poorly
drained goils.

(ampbell and Sleeth (52) isolated three distinct types of Pythium
ultimuon, which they classified ns O, O8, and S on the basis of relative
abundance of oospores and sporangia when grown on Difco corameal
agar. AL were equally effective in causing preemergence loss of
muyule seedlings,

Botrytis rot.  Botrytis cineren Pers, the cansal organism of this
rot, was commonly associated with Selerotiniu in the same areas in the
nurseries.  Being ordinarily a saprophyte, it attacks living guayule
tissues only under the most Tavorable conditions. The infecfion starts
ot dead or nearly dead leaves and spreads to the living tissues, forming
wosolt vot which is soon covered by tufts of gray mold, the fruiting
=tage of the fungus (fig. 32).

Nursery stock dug and packed during the rainy season became in-
tected in the same manner if suflicient moisture was present in the
crates.

The disease is veadily controlled in the nursery by avoiding excessive
watering.

Diplodia dieback. Diplodin dieback (fig. 33) caused by the fungus
Diplodia theobromne {Pat.) Nowell, was first observed by Presley
(482) in guaynle plantings in southern Texas following the summer
raims of 1944 The disease was most serious where (e plants were in
A succulent and erowded condition after 2 years under ivrigation, The
disease was retavded during the following dry weather and the activity
of the fungus ceased during the winter.  The disease resunied activity
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Fisree 32.—Dlanting stocks of gunyule attacked by Botrytis rot.
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Fiovrs BM—Diplodia dieback of guayule caused by Diplodie theobromare. A,
Rpmces of the fungus. B Germinating spores. (. Plant with half of iis top
killed Ly Diplodin, 0. Liseased stems (two, life) compuared with heulthy stem
{right}.
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upon the retuen of high temperatures and rain during the following
spring of 1945, Relatively little damage from the discase was done in
dryland plantings and in 1-year-old irrigated plantings.

Damping-off fungi. The fungi commonly associated with damp-
ing-oif of guayule seedlings ave species of Pythiem, Rhizoctonin, IMu-
sarinne, and Phytophthora.  Pythivm wltimum Trow was considered
the most important of these in field and nursery plantings in Cali-
fornia.

In the series of experiments with various fungicides, Sleeth (20.2)
concluded that treating seed with sodium hypochlorite { primarily used
in pretreating freshly harvested gunyule seed to break dormancy)
increased seedling emergence in the greenhouse and nurseries but that
the protuctive effect of the sodium hypochlorite pretreatment was not
as greab ns that of some of the commercial fungicides such as Arasan
or Sperzon when applied at the rate of 1 pound to 100 pounds of seed.

An elfeerive method recently developed in the Salinas greenhouses
(o econtrol both pre-emerzence and post-emergence damping-oft to
suayule seedlings consisted of an initial treatment directly after seed-
Ing with a solution of Parzate {zine ethylene bisdithiocarbonate) by
dissolving 12 ml. in 5 gullons of water. After 2 or 3 weeks or when
sieens of dinping-oll oceurred, the scedlings were again treated, this
tirne with o solution of Semesan prepared by dissolving 1 tablespoon
of fungicide in 1 gallon of water.

Bacterial rot. A baclerial root and stem disease cansed by Arwinia
ap, with symptoms differing from those caused by Phytophthore
dreefislerr Tucker was {irst observed by Campbell (42) in May 1044
in an lvrigated planting of guayule nenr Bakersfield, {alif. M. P,
Starr (2067} identificd the causal organisne of this disease and suggested
the name Frieinie carotorore £, sp. paréhenii £, sp. nov. The disease
was observed in B3 14 and 1945 in other irvigated plantings in the San
Joaquin Valley of California. Seveve losses from the disease nceurred
in several plantings near Bakersfield following heavy irvigations in
the late summer of 145,

The lirst recognized symptom of the bacterial disease is wilting, the
dearee of which is determimed by the vegetative condition when at-
tarked and by weather conditions. Succulent plants succumb quickly,
withoul recovery, during hot weather. Nonsucculent plants usually
show a progressive wilting of the branches. TIn cool weather nonsue-
enlent plants often do not show signs by wilting but, instead, the leaves
rradually turn yellow and dry on the plant.

Tie disease is otherwise characterized at first by a yellowish or light
brown resinous exudate on the lower part of the main branches which
quickly turns dark brown and eventuully black. An adhering iayer
of restn and earth may be observed on the upper tap root and root
erown when a diseased plant is pulled. The root lesions differ from
those caused by Phytoplthore drechslert in that the diseased tissue
nnderneath the lesions does not become blackened or sunken. The
diseased roof cortex heneath the lesions is usually slightly discolored
and iysofrer than healthy tissue, The freshly cut surface turns a dirty
red or pink before finally becoming brown inslead of the olive-green
oxitation color of healthy root tissues under the same conditions.
Older diseased tissue nsually has o dull reddish hrewn color and may
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be almost black in the final stages of disintegration. In its earlier
stages the pink pigment of the disensed tissue is water soluble. In the
cambium and newly-formed wood a pronsunced pink or reddish dis-
coloration may be present for some distance in advance of the lesions.

To a timited extent, root lesions may form on 2- ar 3-year-oll plants
which are not supplied with abundant moisture during the summer
but are irrigated only once or twice during the season. These lesions
may be checked by drying, Lut they become uctive again under subse-
fluent Irrigations, even in moderate amounts. Therefore, the initial
losses are only w fraction of the eventual loss since further mortulity
continues alter each subsequent irrigadion. The original outbreaks
cuusing severe Josses from the disease were always observed uftor
heavy irrigations.

Storage diseases

The most commaon fungi growing on crated seedlings in storage are
Nefepotinia and Botrytis. It superficial molds appear, the plants
shonlil be serutinized for these two fungi, which cause disease under
the sanie conditions.

Sclerotinia rot.  Storage rot caused by Nelerotinia selerotiorum and
Nomingr was common and destructive in 1942 and 1943, Loss from
rot was related to infections in the nurseries and to the time of year
when the plants were pulled and packed.

Plants dug during the dry seasons were relatively free from disease.
Plants packed under conditions of low humidify did nat contain
siflicient moisture for growth of these fungi, it present.

When conditions provided sufficient moisture for the development of
apothecin of S. selerotiorum, many plants became infected by asco-
spores. Plants in the initial stages of disease could not be detected
insorting for crating, and these served as sources of infection. ¥When
humidities were high, the surface of the leaves were often moist when
packed. .\ combination of abundant moisture and storage tempern-
Giees Lhat were frequently too high (above 32° to 34° F.) to cleck the
growth of fungi caused a rapid spread of Selerotinin from infected
plants.

Nederotinie under storage conditions develops at first a profuse,
white, cottony myceliuny, which spreads outward to neighboring plants,
Feequently forming characteristie cottony tufts. Later, these tufts
become nodular and turn into black, irvegular-shaped selerotia.

Groups of diseased plants, or nesis, are usually conspicuons beeause
of the white myceliwn that binds them together. Selerotinia does not,
produce spores in the erate; the only means of spread from plant to
plant is by myeelinm.

When selerotinia rot is preseni, the crated stock should be carefully
examined hefore planting, 1t only one or two nests are tound in a
crate, these and neighboring plants may be vemoved. However, if
several nests are present, or 1f a considerable portion of the planis are
infected, rhe entire crate should be disearded.

Botrytis rot. Botrytis ror was ulso common and almost as destrue-
tive as Nelerotinin on nursery stock in storage in the spring of 1943.
The spores ure generally disiributed throughout the nurseries and may
be present on nursery stock when crated. These spores germinate
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under favorable moistare conditions, producing mycelia, which attack
the crated plants and cnuse soft roi.  Spore-bearing mycelia, produc-
ing millions of spores, quickly develop. Moving or jarring ths erates
nuy seatter the spores amd cause new eenters of infection.

Botrytis wlso requives moisture for its development and is most
commot on plants dug during rainy seasons when they cannot be dried
to a desirable moisture condition before packing. The fungus is
vhecked by temperatures around 32° to 34° F.) but develops readily
near 40° ¥,

The rot may be recognized by a gray fuzzy mold growing on dis-

ased plants, Al the plants in erntes containing infected seedlings
should he disenrded.  Bven though many of them appear healthy,
ineipient infections muay develop and kill the plants in the field.

Ingects and Other Pests

Extensive investigations of insect pests found in the greenhouse,
nurseries, and in felds were couducted by the Emergency Rubber
Project. Cassidy el al. (53) summarized the literature pertaining to
inseets angd mites infesting guayule with notes on control.

1w general, the potentialitics of damage from insects were appar-
ently not serious. Of the several dozen species studied, the two types
of most economic importance in guayule Aelds and nurseries were
grasshoppers and Lygws bugs.

(irasshoppers were the most destruetive to guayule in the Sacra-
mento, San Joaquin, and Salinas Valleys of Culifornia and in Ari-
zona, New Mexico, and Texas. Severa] species weve involved. They
hred within the guayule fields and also migrated in from range lands,
alfalfa Relds, roadsides, and ditch banks. The amount of damage
inflicted by erasshoppers depended largely on the age of the plants.
On yonng, sproufing transplants, the grasshoppers usually started at
the hase and fed upward, removing the cortex from the main branches,
Af this stage, very little feeding killed the plants. On established
anayule in full Teaf and in flower, the grasshoppers usually started to
Feed on the fowers and, moving downward, defoliated and removed
the rorfex from the branches, Plants completely defolinted usually
died, but plants not completely defoliated usnally recovered under fav-
orable growing conditions, Grasshoppers were successfully controlled
by poison bait recommended by the Burean of Entomelogy and Plant
QRuarantine,

Rommney et al. (797) veported that Lygus bugs weve at times seriously
detrimental to guayule seed crops in California. Since guayule re-
mains in flower over a long period of the year under irrigated condi-
tions, it was a very favorable breeding host for several plant bugs,
the most important ot which were Lygus kesperus Knight and L. sallei
Stal

Lygus kesperus occurred throughout the gnayule plantings in north-
orn and central Californtn. Romney et al. (/97) observed the be-
havior of these bugs under both cage and field conditions. They found
that Z. hesperes veduced the weight and viability of guayule seed. As
long as seeds of pre-dough stage were available, the insects sucked the
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contents from then. When these were no longer available, they fed on
the current season’s shoots, thereby inhibiting growth and flowering.

Lygus sallei occurred only along the coastal arveas of (alitornin.
"These bugs apparently did not feed on the seed of gunyule, as did 7.
hesperus. They fed primavily on the growing termingls, causing the
plants to become yellowed and stunted, as if diseased. These plants
often failed to bloom. Upon removal of the inseets, the plunts re-
sumed normal growth, but only after several months, mdicating that
the feeding of the insects was injurious to them.

Addicott and Romney (5) studied the anatomical effects of injury
to guayule by L. hesperus in a controlled cage experiment. After 10
days, the leaves of branch tips of infested plants were gray and
withered.  Mieroscopic examination of the tissues at the stem apex
showed vollapsed cesls and lack of detuil in their structure. Lower
down, the damnge was Tess extensive, aveas of injured cells being intor-
spersed with areas of infact cells. Damage of fissues 10 mm. or more
from the stem apex was largely confined to the phlcem. Their obser-

ations indicated that Lygus. duving its feeding, apparently injects a
toxie substance into the host. which results in the denth of the terminal
meristem, young leaves, and phloem near the stem tip. These injuries
were restricted to the nrea of feeding, as evidenced by the eventual
developnient und growth of lateral buds near the stem tip,

(Cassidy et al. (84) obtained reduction in Zygus populations and in-
creased germination through the use of arsenical dusts, Romney et
al. (/96) were able to reduce Zygus bugs effectively and inereuse the
viehility of guaynle seed by applying 5 and 214 percent DDT dusts
atf anaverage vate ot 33 to 34 pounds per acre.

Duaring the flowering season of 1945, Romney (794)* conducted a
field experiment to determine the effeet of DDT dusts on seed quality
and gquantity by treating plots often enough to keep Lygus populations
velutively low. Between Muay 28 and September 28, he mude five
applicabions of 214 pevcent DT dust at the vate of 30 to 35 pounds
per acre lo control two generations of 7. Aesperus. Two applications
7 to 16 days apart were necessary to control a given generation since
the fiest application did not provide a lethal residual effect on nymphs
that had not hatehed. Te obtained an average filled seed count of
L6 percent in the freated plots, as compared to 14.3 percent in the
untreated plots, and an increase of 26.8 percent of cleaned sced by
weight,

Roney and Cassidy (/97) reported an insect (Anaphes ovijentatus
Croshy & Leonard}, which parasitized the egus of Lygus hesperus
deposited in the receptacles of gunyule flower heads. Tna study of egg
collections made doring Angust 19hE in guayule fields near Salinas,
Calif,, trom 10 to T0 peveent of Lygus hesperus eggs were found para-
sitized.  Previously, egg parasites of plant bugs of the genus Lygus
had been veported anly from New York and Canada.

A\ new species of mite, Aleerin parcthenii Keifer, was reported and
deseribed by Weiter (/47) in 1052 as being a pest of guayule. These
mites were first noticed during that year in the gnayule greenhiouses at
Salinag, wnony surface haiys on twigs and leaves of guayule, some-
fimes causing a rather severe longitudinal curling of the leaves.
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The so-called guayule aphid (Cerosipha celifornica Bssig), re-
ported wnd deseribed by Iissig (93} in 1941, is apparently synonymous
with £ /w,:m!m:plmm wb{uuumme Mason, a species prov wusly de-
seribed by Mason (£49). This aphid was occasionally found in small
bark and root cu\'il.ies maude only on young guayule nursery stocle by
wireworms and other insects. 1 is f:lir]y common in California,
nutinty infesting roots of ceread crops.

Recause of the seriousness and wide distribution of nematodes in

Calilornin, Allen and Thorne {/5)* and Allen (74}* made surveys of
the prevalence and importance of these organisms in nurseries and
field pluntings of guayule. They concluded that guayule was a very
unfavorieble host fo rootknot nematocdes g, and that these were not of
ceonomie importanee in guayule production. Fields known to be
henvily infosted with nvnmln(lvs produced very satistactory yields of
rubber.  The only serivus aspect was the danger of introducing nemu-
todes on transplants to infestation-free Iill]ds, and the condemnation
of nursery stock throngh quurantine regulations.

Genetics and Plant Breeding

Modes of reproduction

Upon the orpnnization of the Bmergency Rubber Project in 1942,
Powerss, MeCallum, aud Olson nide H(‘l'd valleetions of guayule and
marioly (Puviheniom ineenem KB} in Mexico. Powers (776)*
and Federer collected seeds of these two speeies in Texus,  Seeds of
these collections, as well as those of commmiercinl strains developed by
MeCallum prior o 1982 were perminated and planted at Salinas in
(AR

Beraner {34, 44) began o detailed study of chromosomes and
eliromosote nubers e pollen mothor cellg o laeilitate penetic and
extensive brewding experiments.  In nnbive stanels it soon becune ap-
parent that a chromosome series existed, which fell into three groups
contitining 36, ddk, and Tdce chromosomes (35)., Working inde-
Imn(lonll\, al approxunitely the sume time, Stebbing and Kodani

(20} came o the sane conelusion,  Stebbins nnd Iedani (WO} and
l‘m\ ersand Rolling (/79) also found in mariola u similar series, Slnce
bivalents were found in 36-chromosone plants and trivadents in 54
chromoesonie plants, Bergner (359 assued 18 to be the basic chromo-
some nunber.

IMive eollections of guayule seed gafhered by Powers and MeCallum
i ant area southwest. of I\[:L})illli Burango, Mexico, were diploid
(Z2n=36). Five triploid (3n=5.I= i—) collections were found, one in
this samie general wren and the other Towr near San Bartolo, Dumn'ro
In the fatter area, the senior author made two diploid collections
1948, Nine fetraploids (4n=722x) were collected by Powers and
MeCallum, one in the Mapimi wren, one in southern Nuevo Leon, one
neayr (° .L!mw, Sun Lauis Potost, and the remaining six in northenst
Zacaieens,  Only tetruploid stands were found in Toxus. No natural
stundds of pentaploids or hexaplowls were sver found.  Cliromosome
levels higher than 72 were found only in individual plants in triploid
anet totraploid populations, aud in their progenies. The highest
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chromosome number was 14k which Powers (777) reported among
offspring of 108z-chromosome plants. Guayule plunts having less
than 36 chromosomes were never found.

Bergner’s investigations * indicated thar meiosis is complete in the
potlen mother cells at all polyploid levels of the series. Diploid
plants showed 18 bivalents at meiaphuse T and the distribucion of these
at anaphase I was equal.  In triploids, tvivalents were always seen in
addition to bivalents und univalents.  Tetraploids had quadrivalents,
erivalents, bivalents, and univalents in variable numbers. The tend-
ency toeward equal cliromosome distribution in tetraploids at anaphase
I was more prowounced than In triploids. In plants of higher
chromosome levels, thiere was an excess of bivalenis at metaphuse I,
and the distribution aC anaphase I tended toward a more pronounced
fquality than n triploids, m spite of their larger chromosome nuni-
s,

Powers and Rollins {7179) in a comprehensive study of this material,
reported for the first time the occurrence of apomixis in guayule,
wlueh they demonstrated in o series of breeding experiments. These
experiments reveualed o« predominance of muternal types in F, genera-
tions of intra- and interspecific crosses.  They also demonstrated that
the mode of reproduction varied in relution te chiromosome numbers,
Planes having 36 chromosomes (diplotd) were found to reproduce
sexually. Plants of the polyploid series were predominantly Taculta-
tive upomicts und were pseudogamous, as was shown by the absence
of well-teveloped embryos when pollination was exeluded.

Esin (92) confirmed the findings of Powers and Rollins in her
studies of the morphology of reproduction in gnayule. She presented
evidence of both sexual and apomictic methods of reproduction.
Plants charvacterized by sexual reproduction showed a normal sequence
of events during megasporogenesis and formation ot the 8-nucleate
embryo sae, with sabsequent fertilization of the eggs and triple fusion.
Embryo and endosperm development were closeTy correluted, and no
enmibryos were formed in the absence of pollination.

In apomictic reproduction, unlike sexual reproduction, there was
no orderly sequence of stages in embryo-sac formation. The megas-
pore morher cells usunlly persisted in the ovules and assumed the ap-
pearance of uninucleate embryo sues, indicating the ommission of
melosis {apomweiosis) and the development of the ensbryo sac divectly
from the megaspore mother cell {generative apospory}. In nonpelli-

¥ Bergner's materizl for sindring guavile ehromosomes consisted mainly of
pollen mwother cells augmented by dividing tupetal colls and root-tip vells, A
7:1 sbsolute-gleohol-acetic-acid mixture was used for fixing young flower heads.
Chromosemes were stained in aceto-oreciin.  She gncountered some dithealty o
nuthing chromosone connts duving melosls, owing to elunping or stickiness of
the chrowmesames.  In lader yeaes, fhe addition of chlarofornn ty the flixing sola-
tion In Ehe vatieo of 1 parct ncectie aeid, 3 pares absolote aleobol, and 4 partks
chtorofori has given 2ood results,

Meyer (f00) encouptered diffienities in stodying mot-tip chromosomes of
s yile bewaiuse they were small, mpmerous, and tangled,  He found that pre-
tretment with  pmeadichlorghenzene  permitted precise chromoseme  studies,
After pretreabment with paradichlorabenzene, Gerstel (106) tixed roof tips of
sunyule divecfly o Ly dilutlon of concentveted bydecehlorie acid at G0° C for
10 to 14 amintiles with good resuils, thas combining lixalion and mncoerating
hiydrolysis Do one step and saving considerable cime.
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nated material, small embryos were observed, indieating that fertiliza-
tion of the egy of an unreduced gametophyte was not necessary to
start the development of an embryo. IHowever, pollination was ap-
parently necesswry for endosperns development or at least for the stim-
alarion of normal growth of the embryo (unreduced pseudogamy).
Meiosis also was observed in her material, indicating that apomixis in
polyploid guayule is facultative.

Powers and Rolling ( /79) reported that diploid populations showed
a considerable morphological diversity wittun different cellections as
a result of amphimixis, eross-pollination, and being largely self-in-
compatible.  Triploid and tetraploid stands, on the other hand, were
Eaivty uniform within themselvesas o result of apomictic repreduction,
atthough they differed from oue another in morphelogival characteris-
ties.  Nevertheless, amony triploid and tetraploid populations, three
types of morplhologicid variants wire distingnished: polyhaploids, off-
type normals, and aberrants.  These varlants were the result of am-
phimixis, since apomixis was considered only facultative.

A nuwmber of polyhaploids were found in tetraploid (72:£ chromo-
sone) populations under cultivation.  These resulted from the devel-
opment without fertilization {purthenogensis) of eges which had the
veduced number of chromosomes.  Esaun (92) showed that normal
meiosts could oveur v plants predominantly aposporous, indicating
that some eggs with fhe reduced number of cliromosomes could be pro-
duced.  Polyhapleids are, in general, poor pollen producers and slow
growers bur fower profusely. The flower heads ure small, a charac-
teristic which quite veadily disdnguishes them from other plants in &
tetruploid population.

Offtype normals oceasionally appeared in triploid (84 chromo-
somes) und tetraploid (72 chrontosomes) populations as o result
of normal melosts followed by fertilization. Bevguner (J5) found that
most of the offtype normals were anenploids, the chromosome numn-
bers of the triploid offtype normals ranging from 5+ to 66, and the
teteuploid from 65 1o 75, Analyses of unuphase I in these populations
reveaded an uneqind distribution of chromosomes in the pollen grains.
Such a variation in chicomosome numbers of offtype normals was ex-
plained on the assumption that there was an equivalent variabibity in
the reduced chromosome numbers in the egg nuclel.  Most ofltype
norals showed diverse morphologiend characteristies.  They were us-
ually smaller than the aponiicts, presumubly as a result of chromoso-
mal unbalance,

Abereant plants oveurred in apomictic triploid (5= chromosomes)
aud tetraplowd (722 chromosomes) populations, arising through ab-
normal winphimixis (nonreduetion followed by fertitization). Berg-
ner (35) reported S0 1o 43 chiromosonies for aberrants in the triplord
populations, and 99 to 120 chromozomes for aberrauts in the tetraploid
populations. The aberrants were churacteristically stow growing and
hae thicte and irregularly Lormed leaves. The flower statks and flow-
ers were usually thicker and lurger than those of the pepulations from
which they were derived, and were often distorte(]{. Federer (96)
reported that the progeny of aberrants were mostly aberrant, but oc-
castonally normal plants appenrved among their progeny. Bergner
(45} reported 12 ofliype normals from aberrants, These varied in
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chromosome numbers from 74 to 93, and probably arose through am-
phimixis. Since these showed only a few of the phenotypic charne-
teristics of aberrants, they probubly indicated more successfut genice
balances despite the number of chromosomes.

As a result of reproduction by apomixis, the apomictic progeny
of an individual plant should be expected to duplicate fully all the
charactevistics of this plant. However, even under curefully con-
trolled environmental conditions, Rollins (/9¢) found in guayuie
and mariola nearly always a few individunls which deviated from the
mother plant to some degree. Since the majority of the piants of
the progenies were strictly maternul, some type of genetic segregation
apparently bad oceurred in the mother plants either before or duringr
the formation of the seeds which prodnced the deviating maternal
plants. (Fenctic segregation might have occurred in somatic cells uiv-
ing rise to the female gametophyte. However, the possibility that
segregation might have occurred as a result of atypical mitotic nuc-
lear divisions with some features of meiosis during the formation of
the ganetophyte oflered a more plausible explanation.

Inheritance of apomixis

(Gardner (/05) concluded from studies wvolving the progenies of
two guayule-muariola hybrids, some of which reproduced sexually, that
the apomictic processes, ie,, failure of reduction, failure of fertiliza-
tion, and pseudogumous development, arve controlled mdependently,
and that the major factors vontrolling the sexual processes are few and

tpparently dominant. Powers (/77) had found earlier in progeny
tests of material studied by him that'the number of major gene pairs
differentiating fertilization From failure of fertilization are few,
probubly not more than two, and thut fertilization is at leust partially
dominant to failuve of fertilization.

The existence of both sexual and apomictic plants with the same
chromosome numbers in guayule led Gerstel and Mishanec (240) to
investizate and analyze more extensively the inheritance of apomixis.
In these experiments they used a sexual diploid plant {2n=36), an
wpomictic polyhaploid derived from an upomictic fetraploid (4n=72)
by reduction without fertilization, and the closely related 6-chromo-
some sexunl Parthenium stranonium { Partheniwm tomentosum DC,
var, stramonium {Green) Rollins).,

The cross, apomictic polyhaploid ¢ x sexual diploid 4, produced
maternals, diploid Ty, and triploids. The reciprocal cross, sexual
diploid @ x apomictic polyhaploid &, produced only diploid T,
plants.  Diploid F, from both types of crosses were crossed with 2,
stramoniun, a closely related sexual diploid species having widely
different morphologieal characteristics. All plants obtained from
these two crosses were shown to be interspecific hybrids by char-
ncteristics intermediate between those of the parents und were entirely
sexual.  Bince all the diploid plants from both crosses were sexual.
it was concluded that sexuality is dominani and apomixis recessive,

Triploids fiom the eross apomictic polyhaploid x sexual diploid
which had originuted by fertilization of unreduced eges—two genomes
from the apomictic parent and one from the sexual—were poilinated
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by P. stramonium. A few interspecific hybrids were produced from
this cross, the majority being maternal facultative apomicts.

In another experiment, tetraploids obtained from colchicine-trented
sexual diploids were crossed with P. stramonium to observe the effect
ot duplication of chromosome numbers on the method of sexual re-
production of their diploid progenitors. Almost all the progeny were
triploid hybrids containing two genomes of P. argentatum and one
genome of P. gtramonium.

The existence of apomictic diploids (polyhapleids) and colchicine-
produced tetraploids, together with the occasional occurrence of sexual
polyploids in wild guayule indicated to Gardner {702} that apomixis
15 not an cblicutory consequence of polyploidy. Rathey, it appeared
that the genotype determines the behavior of a given plunt, and that
the number of chromosowmes is less important. These findings were
supported by those of Powers {777), who observed that nonveduetion
is influenced by the genotype and not by changes in the polyploid
level. (ierstel wnd Mishanee (7/0) concluded, however, that two
doses of eenes for apomixis ave dominant over one dose of genes for
soxuality, whereas in Fy plants with equal doses of genes for apomixis
undt sexuality, sexuality is dominant. They stated, *While apomixis,
on the whole, is deterniined by the genotype, chromosome numbers
may have medifying quantitative effects.”

I a tost veported by Gerstel et al. (£09), all temale F, derivatives
frome o limited number of crosses between a diploid apomict and a
soxtal diploid arose sexually. These were crossed with £. stramonium.
Only interspecific hybrids and no mafternals were found among §2
progeny fumilies, indicating the probability that apomixis in guayule
15 bused on at least four recessive genes; n minimum of two controlling
meiosis and (wo mere, the requirements for fertilization. However,
there wussome doubt whether on the diploid level these two components
of apomixis are independent us they were demonstruted by Powers
(/77) and by Krainer (£43) to be in polyploid apemicts, '

Powers (77} put Forth a hypothesis as to the evolution of apomixis
and polyploidy, suggesting that both had evolved together, and that
cither one would have had great difficalty in becoming estublished
and surviving without the other. He listed three major steps in-
volved in the evolution of apomixis from normal sexuality—numely,
{1y Failure of reduction in number of chromdsdines, (2} failuve of
fertilization, and {3) development of nonreduced egg cells without
fertilization. Evidence was given to show that it would be much
more diffienlt for aponixis to become established in diploids than in
polyploids and that, in agumic complexes such as those present in
guayuie. normal sexuulity would have difficulty in becoming estab-
lished in the polyploids.

Inheritance of self-incompatibility

The inheritance of self-incompatibility in dipleid (2n=36} guayule,
which is nearly always self-sterile, was intensively studied by Gerstel
L1608y, Incomparibility reactions were observed mostly by miero-
scopic examinations ol pelien tubes in stigmata one to two hours
after pollination, a technique developed by Gerstel and Riner (117).
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Diploid parent plants nambered SP-1 to SP-15 were obtained from
a collection presumably made in Mexico by the late Dr. W. B. McCal-
tum, in which they cceurred mntermingled with polyploids.

The progeny of the cross SP-8 and SP-7 was most intensively
studied. Sibs were tested for self-incompatibility and in 2l cases
their own pollen failed on their stigmata. TWhen they were tested
reciprocally with both parents, four distinet classes vesnlted (fig. 84).
These weve designated A, B, G, and D, according to the following
observations:

Pollen of parent SP-7 produced tubes in the stigmata of all plants
placed in classes A and B, but the pollen of A and B did not cross
with SP-7 either way. They could be separated by testing with
SP-8 since C pollen tunctioned on SP-8, and SP-8 pollen fuiled on
{ stigmata. I> was reciproeally compatible with SP-8.

All members of class A were incompatible with those of class B,
and all members of class C were incompatible with those of D. Those
of B with C and with D were nlso reciprocally compatible. Class A

SP7 SP8
R( Rz . ,,R3R4

|

GOMPATIBLE
— a3 —— COMPATIBLE !N

ONE DIREGTION
________ INGOMPATIBLE

ELT 6-29.48 Ro> Ry ,R3> Ry

Ficure 34.—Cross compatibilities and incompatibilities in one family of diploid
ruayule.
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was compatible with elass C provided cluss A was used as the mile
parent.

Analogous results with vespect to incompatibility were obtained in
a study of the progeny of the reciprocal eross 8P-7 x 8P-8. Tetra-
ploid plants obtained by colehicine treatment of sibseedlings of the
eross SNP-8 x SP-T were self-inecompatible and gave exactly the same
incompatibility clagses as the diploid sibs. It was consequently
postulated that there existed a series of multiple alleles which con-
trolled self-incompatibility. The alleles were given the Mendelian
symbols 11y, R, Ry, and R, Certain pairs of these were assigued to
the following phenoiypes: SP-7=R,R.: SP-8=R.R; A=E.Rs;
B=R,R,; C=RX.R,; and D=R.R..

Incompatibilities were assumed to be controlled sporvophytically :
that is, the two alleles present in the pollen parent detcrmined the re-
action of all the pollen grains produced, and these neted alike regard-
Tess of which allele each grain contuined. The differences in behavior
bebween certain crosses and their veciproeals were explained by the
dominance in the pollen (but not in the stigma) of R, over the other
nlleles and of R, and R, over RR,, which was recessive to the other three,
R, is actually recessive in Loth stigmia and pollen. The expression
of dominanee in the pollen but not in the style was “found to oceur in
only one other plant, a species of Crepis, which, like guayule, is a mem-
ber of the Compositae.”

Genetic variations

In material ordinurily regarded us belonging to Parthenivm argen-
tefwm (ray, o considerable amount of heterogeneity was found
throughout the species range, even in different sexual or facultutively
apomietic populations of the sanie geographical area. Rollins (792)
attributed these variations fe the existence of sexuality, apomixis,
polyploidy, and interspeeific hybridization, which singly, or in com-
bination, produced a very complex evolutionury patter. A portion
of the variability found was attributed by Powers and Rolling (772)
and Rolling {788, 189) to introgressive hybridization with mariota
(P. imcanum TLBIL), a related species (fig. 35), found coexistent
throughout a large povtion of the natural range of guayule. Con-
siderable variation independent of introgression from marioln wus
fonnd in facultatively apomictic, us well as in sexual, populutions
(192). DBoth genetic heteromeneity and heterozygosity weve respon-
sible for producing the variability found in sexual populntions, whereas
heterogeneity alone was involved in producing the variability found
in the faculiatively apomictic populations. Powers and Gardner
{/78} studied the oecwrrence of aborted pollen grainsg in all available
cguayule coilections and found a high genetic variability in the per-
centage.  On the basis of these studies, they concluded that both
heterogeneity and heterozygosily were important factors in determin-
ing variability in the muny collections of gunyvule.

Introgression from mariola was most common in the Texas portion
of the range and in the southeast portion of the runge in Mexico
where the Stafes of Coanhuila, Nuevo Leon, Sun Luis Potosi, and
Zacatecas ndjoin.  The least amount of introgression was found in the
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B ek S35, Blooming plawts of guayitle  Partbewiim trgentadem Grayy e
and metriok « FLodeeteean UV BBy oriehi,

widdle portion of the vange t northeastern Dormueo, where the sexoal
daiploid planis of gnayule were Fomd, ad presumably predominated.
Adthonr these sexual diploisl planes worldveross redily with nariola
mendinre, Rollins 17070 <taied thar il appaoently aceurred
rrely ander paturnd conditions. On the other Land, where Taeul-
tative apominis was Tonnd 1o predoininate, o bdence of inturspecife
erossite Treguently acenered. Wolline <2720 presented evidenee (0
show that polyploidy pernitted wide inter-pecilie cros=ing whicl
ibers ise woukd be inpossible, and thar feriliny was higher than in
hybrids on the diplofd Tevel. Tybpidization between (he diploid
lorms ol the two species apparently was loas effvetive in producing
prrsistent new Biolypes or introgre-sed popiitazions. Polyploidy. un
e othere hared, faeilitated nitind tnterspecilic erossing and allowed
the progeny to smevive, with aponisi= actine a~ an isolting moeeh-
ntany, Many populations <hawine introwresion Prom marioln weree
Fonmd over widespreid arens.

In popalations ot showing eoere-ion Frot waeiols, (e SLY
Al varmsion o the Frealarively spowiede populations was nearly ax
wrewt as that e the sexnal ones A sullicient amount of segreeation
apparently was persinned By the e frequent sexml process i the
produstion of weeds to keep aponise popidations nearly as hwiero-
genewns ot~ those of the stricty sexnal one-,

Tt eltienli sl not impossible, 1o Tovate the grographionl origin ol
ot ~pectes ol planis, Rolline « £22) prosents steongs evidenee cha
the aren ol vt of guanyide = i e seieral veion of sastern Du-
vt i Mespn, Sexaal diphond fors were foand only ju this aen,




RESEARCE ON CUAYULE; 1942—-1859 101

whereas facultatively apomictic polyploids predominated elsewhere in
the range. Obviously diploidy must have preceded polyploidy, and
sexuality undoubtedly preceded apomisis.

Breeding for higher rubber yield and disease resistance

The major objectives of the guayule breeding work were to develop
varieties {1) yielding more shrub per acre with a higher percentage
of rabber in the [)Lmt (2) having a greater resistauce to chsuae,
partieularly to chareoal rot in Tews, and (3) having the ability to
produce a higher percentage of rubber under hot elimatic conditions
such as oceur in Texas and in other regions where gunyule might be
Crown.

Sinee the breeding nursery at Salinas did not Turnish ail the geno-
types necessary to attain these objectives, Powers (176),* "\[chlum,
and Otson made extensive seed collections in 1942 in the Trans-Pecos
aren of Texas, and in Mexieo in the tates of Nuevo Leon, San Luis
Potosi, Zacaleens, and Durange.  Fouwr hundred and ioa(} three col-
lections were made from 44 locations. In 1848 Hammond (279)%
made udditional seed collections in Mexico, More than 175 individual
plunt and mass collections were made from 76 locations in the follow-
g six Ntaltes: Nuevo Leon, Coanhwila, Chilwahua, Durangoe, Zaca-
Feeus, aid San Luis Potosi.

Tpon examination of the progenies of the introductions made by
Powers et al., it soon became evident that the predominant method of
veproduction in guayule is facultative apomixis, although sexual re-
production may occur (see section, Modes of heptoductlon} Strains
of guayule having 54 or more ehromosomes usually reproduce apo-
mictically while those lavi ing 36 chromosomes reproduce sexually.

When guayule veproduces b_} facultative apomixis. a certain amount
of reduction tukes place, the frequency of which depends upon the par-
ticular plant or selection. 1t is through these chance reductions with
subsequent fertilization that new combinations can be obtained. Occa-
stonally an unreduced gumete will accept a pollen genome, resulting in
a plant of a higher chromosome level. Tuble 1 gives the various
chromosome combinitions in guayule, all of which have been identified.
Only 36- and 72-chromosome plants were used as pollen purents in con-
trolied crosses.

Since the percentage ot fertilization of unreduced eggs is small, as
is alzo the pereentage of reduced eggs which may be fertilized, it is
necessary, when controlled crosses are desired to muke lar e numbers of
these, For this reason, the breeding work was supplemented by ex-
tenstve selections within combined open-poliinated, fucultutively
apomictic and sexual populations.

The degrec of apomixis plays an important rele in breeding and
selection, The hi}_rllwl_‘ the frequency of sexual off-types, the greater is
the possibility of obtainmg fuvorable combinations. whereus a low
frequeney of sexuwal off-types i more desirable for greater uniformity.

Guayule, therefore, presents an unusually fine nppmtvnlh tor breed-
ing ad selection for higher rubber yields. A variety of types of
conbinations may be made in crosses, ng shown in table 1. In Qelle{'hno-
desirable progenles that will reproduce from seed without excessive
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Tavre 1.—Chromosome combination in guayule

Chromosomes of progeny

Chromosomes of parent Nonreduetion Reduction

Not fer- | Fertilized | Not fer- | Fertilized
tilized titized

Number Number Nymber Number Number

00 e

! The basic number of chromosomes is 18, Rinee unequal reduction takes
plage in 54- and 80-chromosome plants, these were rated as poor pollen parents,

segregation, crosses and backerosses must be manipulated in such a way
that u high degree of apomixis may either be maintained or introduced.
Gerstel and Mishanee {/70) have shown that two doses of genes for
apomixis nre dominant over one dose of genes for sexuality, whereas
in plants with equal doses of genes for apomixis and sexuality, sexu-
atity is dominant,

In his studies on self-incompatibility in guayule, Gerstel (708) has

pointed out certain difticalties involved in breeding 36-chromosome
sexual guayule, which is rarely self-compatible. In addition to self-
incompatibility, which always interferes with the use of inbreeding
methods, there may exist incompatibilities which place restrictions
upon the use 0 sib crosses, and in certain crosses all of the progeny may
be incompatible with one parent, an additional handicap placed upon
the guayule breeder who may wish to depend upon the use of back-
crosses in his work.

Lysdal (240) stated that there ave several species of Parthenium
which may be of value in breeding programs. Among these, the al-
mast treehke 7. tomentosum DC.) var. stramonivm (Greene} Rollins
{(fig. 36) was the most promising. It has 36 chromosomes {2n) and
reproduces sexually, but contuins little or no rubber. It is highly
comnpatible with guayule, producing large and vigerously growing
hybrids. Both sexual and highly apomictic hybrids were obtained.

Interspecific hybrids between these two species were tested in Texas
and in (Eaiifornm. Those tested in Texas were highly resistant to
charcoal rot. u disease prevalent theve, cansed by Selerotium bataiicola
Taub, ~Although these hybrids were always lower in rubber percent
than high-rubler-vielding strains of pure guayule, indicating appar-
ently a strong linkage hefween vigor and absence of rubber in P.
tomentosym var. sfranoniwm, some of them outyielded the commercial
variety 593 becanse of their greater vigor, Owing to the lower per-
centagre of rubber in the vigorously growing hybrids, the cost of milling
the shrub would have been corvespondingly greater. In a longer-
range breeding program than was permitted, higher rubber-yielding
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Frcrie S —Five-yoir-old plaets of Peetheninp argenfetym Gray (Euayule, lelt)
wiel £ fomendoxton var, strgmoninim { Greene) Rellins (right).
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hybrids might have been obtained through more extensive hybridiza-
tion between these two species.

The commercial variety 593, developed by the Intercontinental Rub-
ber Company, was used as the standard of comparison with new
strains and hybrids. Among the several hundred collections made by
Powers in 1942, one group from Durango, identified as 4205, appeared
to be superior to Y3 in yield of rubber. However, this strain was
extremely variable. Johnsou (7325} identified five different types in
the original Tot. Type I proved to be higher yielding in rubber than
593, but was still variable. It proved to contain 54 chromosomes.
During a vather extensive greenhouse experiment with variety 4265-T,
a superior plant was found by C. A. Taylor and H. M. Benedict, which
proved to be n 73-chromosome segregate from 4265-1. In further
progeny tests, it showed a higher rubber confent and more uniformity
than 4265-1. Tt was given the ideatification 4265-X and increased for
additional testing. In Texas, variety 4265-X proved to be greatly
superior to #93, purticularly with veference to resistance to charcoal
rot. It also accumulated a higher rubber content under both Texas
and Salinas conditions than did variety 593. Both 4265-X and 4265-1
were used extensively ju crosses for higher rubber yields,

Coliections made in Mexico by Hammond (779) in 1048 were
planted at Salinas in the winter of 1948-49 and, wheve sufficient
seedlings were available, some of them were transplanted in.Texas.
From these plantings, severs] outstanding selections were made, One
of these was a highly apomictic, single plant selection from collection
No. A—48136 obinined several miles south of Viesca, {"oahuila. near the
top of a hill along a road at Flores de Mayo Parvedones. Cuesta de los
Sorruedos. This selection proved to be not only more resistant to
charcoal rot in Texas but also more vigorous, and contained a higher
rubber percentage than variety 593, Tests over a 2-year period in
Texas indicated a definite superiority of this selection, which was
identified as N396, over both 593 and 4265-X. In the Salinas Valley,
however, X396 did not show the outstanding vigor that it displayed in
Texas. Furthermore, it was move highly susceptible to vertieillium
wilt under the Salinas Vailey climate than any other of the introduc-
tions and advanced strains.

In the later years of the breeding program, most of the testing
designed to select straing which accumulate rubber under hot climatie
conditions was done at Shafter, ('alif., where the climate is similar to
that of southwest Texas. Plants in the 1955 Shatter variety test,
were sampled ngain after 2 years, and X396 was found significantl
higher in vigor and in rabber percentage than either 593 or 4265-X.

Plants in the 19536 Shafter variety test, which included 13 of the
mere promising 1948 Mexican introductions previously tested in the
Salinas nurseries, were sampled in May 1958. Introductions A48118,
A48115, and ALBI24 were sigmificantly higher in yield of vubber than
either 593 or 4265-X. (It may be stated herve that in all variety tests
condueted in Texas und at Shafter involving these as check varieties,
4265-X was always significantly higher than the old commercial
variety 593 in vigor and in rubber percentage.) A48124 was par-
ticularly interesting from the standpoint of the possibility of its being
o highly desirable variety for commercial planting. Among the five
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highest rubber-yielding selections in this test, it was significantly
lower in dry welght. 682 grams per plant, as compared to an average
of 827 grams for the other four, yet its significantly higher rubber
soncentration, 8.33 percent, as compared to 6.80 {the highest percent-
age of the other four), offset its lack of vigor. which would greatly
reduce harvesting and milling costs.

 Intreductions A48116, A48121, and A4S143, although not tested at
Shafter, gave consistently better performance in the Salinas nurseries
than varieties 593 and 4265-3X. A seed increase of these introductions,
as well as that of the four introductiens described above, was made
at Selinas. The seed was brought to 4 percent moisture and stored
in air-tight, metal drums.

With the exception of A48143, these high-rubber-yielding introdue-
tions were obtaned in the southeastern part of Durango. A45143
was collected nearby in northern Zacatecas. It mav be recalled that
N396 was collected In Coahuile in this same general avea. 42635 also
had been collected in the southeastern part of Purango. These intro-
ductions may be distinguished, for the most part, by differences in
morphological characteristics and growth habits.  Collections made
elsewhere in Mexico were relatively low in rubber content. Collections
matte previously in Texas were also low in rubber content.

In a 2-year-old variety test sampled at Shafter in 1957, selections
11701, 11693, X565, 11634, and 11635, in that order, were significantly
higher than the cheek varieties 393 and 4265-X in yield of rubber,
Check variety 593 yielded un avernge ot 30.2 grams of rubber per
planty 4265-X yielded 452 prams; 11701, 574 grams; 11698, 61.0
rrams: NG5, 64.9 grams: 116384, 65.4 grams: and 11635, 71.8 grams
of rubber per plant.

Selection 11701 is a 72-chromosome descendant of an open-poltinated
rross between u Sd-chromosome plant of 42653-1 and a 3G-chromosome
plant of unknown origin, 7.6 percent of the plants of this selection
in this test were olf-types; i.e., reduction in the number of chromosomes
had oeenvred with subsequent Tertilization by pollen from an unknown
source. Selection 11693 is also a T2-chromosome cross. It wag found
amony plants in a S4-chromosome 4265-1 selection, 6.9 percent of
(he plants being off-types. N85 is a T2-chromosome, open-pollinated
eross from strain S1811-206 of 4265-T origin, This selection produced
4.4 percent ofl-type plants. Selection 11634 has 72 chromosomes. It
was fraced throngh open-pollinafed maternal descendants to an open-
pollinated, 36-chromosome cross between SP-7 and SP-8 (N322 from
an olil nursery selection, S4838-7T4). Being of 308-chromosome sexual
oriein, it i3 interesting fo note that this T2-chromaosome selection
produced, in the Xhafter test, only 4.4 peveent ofl-type plants, indi-
caling a fairly high degree of apomixis. Selection 11635, the nghest
rubber-yielding strain of this fest, is a 72-chromosome controlled eross
between a 5d-chromosome 4265-1 plant and a plant of the 36-chromo-
some selection, N26+.  This open-pollinated selection produced only
one off-type plant in 2 population of 648 plants, indicating an extremely
hiph degree of apomixis,

In the 1036 Shafter variely test, sampled in 19568, selection 12229
{82636-188) was signifieantTy superior o 4265-X in rubber yield.
It was from a single-plant selection from progeny of open-pollinated
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S1873-143 (1950 Salinas musery) derived from the epen-pollinated
accession 2108, supposedly a cross befween 4265-Ig and a 86-chromo-
some hybrid between guayule and Pertheniuwm tomentosum var. stra-
moniwm. It contained 56.9 grams of rubber per plant as compared
to 40.5 grams for the cheek variety 4265-X.

Although not tested at Shafter, open-pollinated selections 11600
11604, 11605, 11609, 11591, 11819, N566, and N565-IT, all of 4965-L
origin, were high-rubber-yielding in the Salinas nurseries. Seed in-
creases of these slections, in addition to those of all other selections
described above, were made. The seed was brought to a moisture con-
teot of 4 percent and sealed in metal drums.

Greenhouse and nursery operations

Seed obtained from the previous year’s selections was usually
planted in the greenhouse in December and January in flats to obtain
sizeable seedlings for transplanting in May and June. The seed was
first threshed in a small guayule aiv pressure thresher devised by
Emparan (86}, and then treated with Clorox to overcome any dor-
mancy that mght be present. (See section, Seed Dormancy.)

A soil-sand mixture in the ratio of 2:1 was used. The sand facili-
tated removing the soil in preparation for transplanting the plants
barerooted. The mixture was pourved into flats, carefully leveled
with # metal, soil-leveling gaunge, and then prewatered. The seed
was scattered evenly over the surface. Nondormant seed was im-
mediately covered with a 14-inch layer of sand; dormant, treated seed
was allowed to remain exposed to the light for 8 or £ days before
covering (see Seed Dormancy, p. 77, supra}. The flats, as well as
the soil and sand, were previously sterilized. For turther protection
against damping-off organisms, the plantings were immediately
treated with a solution of Parzate (zinc-ethylene bisdithiocarbanate)
prepared by dissolving 12 ml. in 5 gallons of water.

A commercial fertilizer was applied occasionally to obtain maximum
growth. Aboub 3 or 4 weeks prior to digging, fertilization was dis-
continued, and the amount of water used for maintaining optimum
moisture conditions was reduced in order to harden the seedlings in
preparation for transplanting.

At the time of digging, the plants were bare-rooted and grouped
into hand-sized bundles. While these were heid in the hand, the
Jonger leat portions and longer voets were trimmed off. The bundles,
each gontaining an identifying pot label, were then wrapped in paper
toweling, tied with rubber bands, and dipped in water.

The yearly nursery plantings usually consisted of some 6 to 8 acres
of breeding material in rows 600 feet long. A standard 28- by 28-inch
spacing was used. In early spring, the land was disked and mulched
in prepuration for planting in May or June. Just prior to planting,
the field was cross-marked, furrowed lengthwise for irrigation, and
then preirvigated, which was considered essential in order to keep
the plants motst at all times. 'The transplants were set along the edge
of the irrigation furrows at the intersections of the cross-markings,
trowels being used to make openings in which the plants were inserted.
The wet soil was then firmed around the plants.
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This method of land prenaration and transplanting often resulted
in irregular or poor stands. Loss of plants was attributed mostly to
air pockets left around the roots as a result of carelessness on the part
of the planting crews.

Skips in the row had been observed frequently to have s marked
cffect on the growth of adjacent plants. The accelerated growth of
these plaats was attributed, at least in part, to lack of competition
in response to delayed increases in soil-moisture tension in these areas.
These conditions made difficult the selection of desirable plants, par-
ticularly in heterogeneous populations.

In the 1954 nursery planting, after first noting that well-hardened
seedlings could withstand conswderable dessication, & few rows were
pl:a.ntE(T in dry soil without preirrigation for compurison with sur-
vival in adjacent plantings in preivrigated soil® Irrigation immedi-
ately followed transplanting. Soon a marked difference was noted in
the established stands. Survival in the rows in which the soil was
dry at the time of transplanting and then irrigated was far superior
to that in the preivrigated rows. The excellent survival was attributed
to the absence of uir pockets,

In view of these cbservations, the entire 1955 nursery and sub-
sequent ones were planted without preirrigation. Other modifications
were made in the older methods of planting. A brief deseription
of the methods used in land preparation and planting of these nurs-
eries is miven below., (These methods are obviously valid oanly in
areas requiring irrigation, such as the Salinas Valley.)

The land was disked and mulched soon after the winter rains ceased
in order fo conserve moisture up to planting time, usually in May
ov early June. Using the standard spacing of 28 by 28 inches, the
field was first cross-marked with five 1-inch chisel points attached to
standards of a cultivator bar at the rear of o tructor. In laying out
the rows lengthwise, five 7-inch furrowers (crowder type) were sub-
stituted for the l-inch chisel points to make irrigation furrows 3 to 4
inches deep. The crowder type was used to avoid throwing up too
much soil at the sides of the furrows and obscuring the eross-mark-
ings.  The 1-inch chisel points were replaced, this time for the pur-
pose of lightly marking the rows lengthwise about 4 inches from the
eidge of the irrigation furrows. In marking the rows lengthwise,
the rubber tires of the tractor served to round out and firm the irriga-
tion furrows. The plants were set at the intersections of the cross and
lengthwise markings. )

In setting the plants, a trowel was thrust into the soil at approxi-
mately o 45-degree angle. A plant was slipped underneath the tilted
trowel., The trowel was then withdrawn, which allowed the loose,
dry soil to fall around the plant. No puacking to avoid air pockets was
necessaty since the irrigation water, which immediately or soon fol-
lowed, firmed thesoil around the plants.

This method of planting had three chief advantages over the older
methods: (1) Labor costs and time required for transplanting were
reduced to approximately one-half; (2) the cost of preirrigation was
eliminated ; and {3) excellent stunds resuited.

® Unpublishied report by the senior author.
764-828 0—685—-8
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TanLe 2—Guayule selections * included in latest comparisons

Selection
No.

Synonym

Applicable information

Lo

A-481135
A-48115H

4265-XTF____

A-58143____
A-dBL16G .

Opeerollinated selection from 4263-1.
0.

Do.

Hammond collection having smaller plants than
either 393 or 4263-X but higher total rubber.
72-chromosome; f{rom open-pollinated 38-chromo-
some cross befween SP-7 and SP-8§ (N-322 from

an old nursery selection S4838-74).

72-chromosome controlied cross between H4-chromo-
some 4265-I plant and a plant of 36-chromosome
selection N-264.

Hammond collection with superior performance at
Salinas.

72-chromosome cross found smong plants in & 54-
chromosorme 4265-1 selection.

72-chromosome descendant of open-pollinated cross
between 34chromosome 4265-I and 36-chromo-
some unknown.

Hammond collection.

Hammond collection with good performance ac
Salinas.

rirmmond eollection.

See 11646.

See 11633.

Hammond collection from rorthern Zacatecas.
CGood at Salings.

Single planb selection from MHammond collection
A—48136 from severnl miles south of Vieseca,
Coah., Mexico., Resistant to charcoal rot;
vigorous and high rubber confent in Texas but
not at Salinas.

Open-pollinated selection from 4265-1.

See A-45143.

Bee A—48116.

Sew 11635,

From single-plant selection from progeny of open-
poliinated 2186 (supposedly a cross betwesn
4265-Ig and o 36-chromosome hybrid) and
-guayule Purthenium lomentasum var, sframoniumt.

See A-481145,

Commercial variety developed by the Interconti-
nental Rubber Company,

Collected by Powers in Durango in 1942, Highly
variable.

Selected from 4265 by Johnson; 54 chromosomes;
variahle.

Open-poliinated selection from 4263,

Selected from 4265-I by Taylor and Benedick;
72 chrompsomes; higlhier rubber content aud
more uniform than 4265-1.

Seed inercase of selected plants from 4233-N.

1 Sceds of most of these sbrains have been placed in storage.
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Assaying of plant samples for rubber content

Withont some method of assaying, the selection of guayule plants
for high rubber content would be impossible. Morphological char-
acteristics do not provide reliable clues as to the relative amount of
rubber contained in the plant. The fact that most of the rubber is
stoved in the burk led to an investigation to determine if barle thick-
=5 of the guayule stem could be nsed as a criterion for rubber con-
tent (2). The results indicated that the relationship between per-
centage of rubber and thickness of bark was not sufficiently close for
practieal selection purposes. Eariier reports had sugeested a direct
relationship.

Predictions of rubber yield from guayule are needed to guide re-
search und production, mncluding both crop production and shrub
processing, as well as studies of plant improvement. Such predic-
1ons depend on determinations of the rubber content of the material
under study.  Much effort has been put info finding adequate methods
of sumpling guayule and testing representative samples for rubber
content 1o puide the various regearch and production activities.

TTolmes and Robbins (7:25) made u study of methods used for the
nualysis of rubber-bearing plants, and summarized the background
information,

Fendier (97) proposed the direct determination of rubber contnined
m gunyule by extracting the plant juices with aeetone, und dissolving
the resadue in petrolewm ether: then hltering, precipitating the rubber
from an aliquet with aleohol, Altering out the precipitate, and drying
and weighing it as rubber. Spence (204) propesed a similar methoc
but used benzene as the rubber solvent. He determined the rubber
by simply evaporating the benzene, drying the residue in an atmos-
phere of carbon dioxide, and weighing. TFox (100) determined rub-
her In guayule by extraction, first with acetone, then with benzene;
he then precipitated the rubber from the benzene with nlechol, and
dried and weighed the precipitate. Whittelsey (248) determined
rubber in guayule by extracting with carbon tetrachloride to remove
the rubber; he evaporated the carbon tetrachloride on a steam bath,
and boiled the rubber film with aleohol and water to remove any
resin or water-solubles extracted with the rubber. After pouring off
the water and aleohol, he dried the film and weighed it as rubber,
1al) and Goodspeed (7/7) and Hall and Long (178), in their survey
of the rubber content of North :AAmerican plants, extracted the rubber
by boiling samples for 3 hours in acelone and then for 3 hours in
benzene. The ucetone extract was evaporated and the residue weighed
as vesin: similarly the benzene extract residue wag weighed as rubber.

In 1933, Spence and Caldwell (207} published the results of their
work on the determination of rubber in guayule. They found carbon
retrachloride unsuitable for extracting rubber in anaiytical procedures,
and used benzene instend. Their procedure consisted of the following
steps:

1. Pass sample twice through differential laboratory mili rolls, set

ag Helitly as possible,

2. Pass successively ihrough n Universal grinder and corn mill.

After each stage of grinding, quarter sample by a Jones riffler.
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3. Weigh samples into special porcelain thimbles and beil in 1iper-
cent sulfuric acid for 3 hours.

- Autoclave at 13.6 kg, (30 pounds) pressure for 3 hours.

. Extract for 12 hours with acetone.

. Dry acetone from thimbles in vacuwm oven.

. Add antioxidant, evaporate the benzene on a water bath, dry, and
weigh residue us rubber.

Holmes and Robbins (123) found that the treatment with sulfuric
acitl was noy necessary if the samples were ground sufficiently fine, and
determined that o satisfuctory estimate of rubber content could be
made as follows:

L Iminerse plants in beiling water for 8 minutes and shake off the

- e

leaves,
2. Dry at temperatures not exceeding 65° C. to about 10-percent
moisture,

. Chop through J-mm. sereen on cutter of Ball and Jewell type.

- Take total weight, and remove subsample for determination of
moisture by drying for 24+ hours at 104° C.

5. Grind through 1.5-mm. screen in luboratory hammer mill.

W L&

Analytical procedures

1. Leach {or 1 hour with water at 80° to 90° C.

2. Remove water from thimbles by suction.

3. Extract for 8 hours with acetone.

3a. If resin is to be determined, evaporate acetone on steam bath
and dry extract in oven for 1 hourat 50° .

. Frea thimbles of wcetone by sucking air through them.

5. Exteact for 16 hours with benzene.®

. Evaporate benzene on steam bath and dry rubber film in oven for

1 hour at 80° C.

* Note, Taredd flusks nre used for benzene extractions and also for acetone
extractions wienever resin is (o be determined.

e

This process, with modifications suggested by Willits et al. {(257),
was used us the busic niethod of determining rubber content for the
gitdance of research and production programs. As resenrch plots de-
veloped and multiplied. however, more rapid methods of analysis were
needed to handle the increasing number of tests vequired. Traub
{.235) developed 2 method of partial precipitation ot the rubber par-
ticles in a solurion, and determination of the rubber content by measur-
ing the turbility of the resulting suspension. This process proved
advantageous and, particularly in the post-war stoges of the breeding
program, made it possible to mnke thousands of anatyses that woulc
not have been possible with the limited personnel available at that
time. The turbidometrie system proved to be highly reproducible and
relatively rapid. It did nor provide any estimate of resin content nor
of the quality of the rubber.  An even faster method of testing was
needed to meet the requirements of the breeding program.

Eftorts directed toward developing a simpler method led to develop-
ment in 1310 of a blendor method as a rapid and low-cost means of
assiying rubber for plant selection {20/).* The first muchine used was
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the Waring Blendor, but the commercially available single-unit type
was not sturdy enough to withstand continuous operation, It was soon
replaced by a f-spindle machine specially designed to eliminate the
bearing In the bottom of the blendor bowl (figs. 37 and 38). The
spindies were driven af the rate of ztpproximatel{) 13,000 r.pm. by a
1o-hp. motor and V-belt pulleys. Four multiple blendors of this de-
sign were placed in operation—three at Salinas and one in Texas.

Altheugh the blendor methed did not provide any estimate of resin
vontent and was not as specific as the chemical methods, it proved
satisfactory from the breeder's standpoint, both with respect to rapid-
ity of test, and comparability of results. It was considered somewhat
compariable to the commereisl milling process.  The method was essen-
tially as follows:

Ona or more branches characteristic as to size were cut at the base
of the plant. Thus, the plant was not injured or destroyed and, if
tound desirable, it could be utilized for seed collection or grafting.
sSaflicient material was faken (o yleld about 20 grams or more after
trimming. The branches were bound with a heavy rubber band, and
an identifying tag attached, which followed the saumple through to
conmpletion,

In the laboratory, the samiples were placed in boiling water for 15
minutes. This not only eoagulated the latex, but after par-boiling,
rhe lewves were readily removed by shaling.  (reen, lush wood, dead
wood, and flower stems were trimmed off, and the branch samples
rebound with o rubber band,

The branches weve then ground in an infermediate Wiley laboratory
mill.  Fifteen grams of the ground material were weighed and trans-
ferred to o blendor bowl, together with 150 ce. of water and 95-percent
ethyl aleohol in the ratio of 1:1,  Zine sulfute was added to the water-
aleohol mixture to make o U0.25-percent sotution to factlitate extrac-
tion. .\t the same time, moisture smmples were taken to determine the
moistuve content of the assay material in order to convert luter the
weight of the extracled rubber to percent of rubber on a dry-weight
basis.

The biendor bowl containing the sumple was then placed in the
blending machine, which was vun Tor 15 minutes. At the end of this
ttme the sample wus thoroughly comminuted. and the rubber tended
to ngelomerate into small, spongelike masses called “worms.”™ The
contents of the bowl were than poured into a 500-ce. beaker and the
bealer Dlled with a (L3-percent tuble snlt, denernted water solution.
The deaeration was essential to provide rapid settling of the bagasse,
and the salt stightly raised the specific gravity to assure flotation of the
rubber worms.

After o few momenis the effluent was poured through o 30-mesh
sereen which retained the rubber worms along with some coarse parti-
vies of plant tissue. These were then rinsed under a water faucet. By
moving the worms about in guthering them with forceps, they ad-
heved to each other to form « single mass of rubber.  This was placed
o w dry blotter for 5 1o 10 minutes to absoch the excess moisture and
then devesinated in neetone for an hour. after which it was removed,
dried and welghed. The average rubber so treated had a purity of
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Fror we 37— Mualniple blewdor gseld i ialysis of mmyule for rabiber content.

o abont <3 ot pereent as deternined by the chemieal method and
cotihld be wpoded prinsieily ou eolorand rexrore.

Cowmprtt-ons uede of this weethod wiely the turbidometrie method
re-nlted by oo el careelation of <05k To convert welghe of rubber
wearti T prereent ol rubber e the dey-weieht shenb, the regression
el ton was Y = 10220 X0 L0 where Y pereent of rubler in the
~hrnh ol X emuns of rubber exieacted by bleador fraom 13 grams
fset weirlny of <hrub,




RESKAECH ON GUAYULE: 1ud42—195¢ 113

P, T

Froo e 3 - Multiple hiendor wirh Bliades lowered as o operiation.

Supee e ~henb vavied considerably from tine to te in pereentage
ol ey nutrers 0w s neeessioey to make eorrections ot the weitght o
! :}u: X0 extmeted by the blendor before applying the Fornla.
Citbertdat bons were bised ot shernh sanples laving o dey-matter content
el I pervent. Thuos, 1f the shrab hui 40 |w|tvn[ (II‘.' madter, the
rablier worin welght £ X was multiplied h\' the fraetion =4 H), be-
Fore nsing Lhe reoression equation.  Likewise, 1f the sheub cotdaingd
toe pereent dey oarter, the fraction would be ds00 6o, Lol S0k
LML ol sample, IPor rapid eadeulations, tabide= weee dinwn up where-
by pereenrage of rubber conld be vead direcily Trom blendor worm
waserned il pereencage of ey madter, Foroes: Llnplv.il'llw rubiber worn
weordwd Lt oo catlter making correction for purityy aud the dry
e content was G5 pereent, the pereentage of rabber inothe she ul)
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would read 17.38 percent.  Tables were also drawn up whereby the
dry weights of plants could be estimated from field height and spread
neasurements,

During the course ol these investigations, it was found that plunts
diffeved with respect to ense of extraction of rubber mechanically.
Tests showed that some plants or strains gave up to ¥i-percent extrac-
fien under the sunte conditions that others gave as low as T0-pereent,
when compared to the chemical method.  Since the blendor method
nmoers neur}y approached the method of commercial extraction, the me-
chunieal assay would conceivably give a more practieal result than
chemical unalysis.  IMowever, owing to lack of actual milling data,
this was net possible to verify.

The blendor method of assay made possible the sampling and an-
alyzing of as many ws 300 plants per day with n staff of ive people,
noue of whom had to he highly trained technicians wlereas, in com-
parisor, only ubout 100 chenneal wnalyses could be made per day
with four people. Progiess in the breeding program for high rubber
was lurgely dependent upon the number of samples that could be an-
alyzed, and this method #ided greatly in the breeding worlk.

PRODUCTION RESEARCH

Production resewrch conducted directly by the Emergency Rubber
Project persounel, or personnel of other agencies assigned to the Proj-
eet, rather than by the research bureaus was of immediate importance
(o hield operations.  This resewrch, under W, G. McGinnies, assisted
by .\ AL Nichol, cut across project lines, utilizing preliminary (ind-
s wherever necessary to obtuin quick answers to field prablems with-
out witittng for the scientific chieeks and balances essential to careful
detailed investizatious, but exacting tests. required in the manggement
of field practives, were also conducted. A good example ot tlis type
of rescarel, and the close association befween the resenrch and pro-
duction programs was that done on spils.

Al Kmergency Project lands were selected on rhe basis of detailed
soil surveys. Thus it wus necessary to organize this phase of the
progrm at the very beginning.  Soil surveyors were mupping and
elagsifying lund suitable for the cultivation of guayule alimost imme-
dintely wfler the program was approved. Soll clussification, of course,
Tollowed standard lines in accordance with well established principles,

Inahe Leginning, the suuability of the soil for guayule culiure
was determined by information availuble from the Intercontinental
Rubler Company. It was necessary, however, to have a continuing
project o study the growth of guayule on (he various soils, and to
tetermine which soils gave the best response. It was also important
to defermine the cause of poor response on certain soils that appeared
suited to guayede culowre. Later it beewane necessary to record growth
and rubber acewnulation on the fields planted to guwyule, and to de-
termine the effeet of soils on growth wind rubber accumulation as a
basis of estimating yields and planning cultural and harvesting opera-
tions.

Another example was resenrch reported by Bullard (42). For held
controly us well as for determining future favm practices in spucing,
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caltivating, and havvesting, it was necessary to establish a farm-by-
farm inventory of the growing crop, including data on survival,
growth, and rubber content.

This involved the establishment of a detailed inventory of shrub
on more than 30,000 acres, some on 1rrigated, some on dry land, and
on diverse solls with a considerable range i climatie factors. The
first problem was to devise a sampling procedure (0 get maximum
aceuruey of estimation without excess cost.  Shrub yield is, of course,
derived from the amount of shrub on a given acreage. On the whole,
the amount of shrub cun be estimated by the size and weight of a single
sumple if that sample ts large enough to represent the total variation;
or a group of sumples can be selected to provide us good or better a
busis for estimation and at the same time give ¢ measure of total varia-
gion,  Rultard {42) found that & high degree of accuracy could be
attained in the estimation of guayuie shrub and rubber by selecting
at random two test blocks from each 5-nere field in large pluntings.

The test blocks consisted of Tour plants in each of five successive
rows. Earh of the 20 plants wans mensured with a yard stick. The
height was measorved from the reoot crown fo the highest lenf. The
dirmeler of each plant was measured along the row and across the row.
Dead planis and skips were recorded by position within the plot. The
plants in each plol were numbered from 1 to 20 and plant § in each
Block was pulled for chemienl test for rubber. Should plant 6 be
absent, number 7 would be chosen. The order of selection was then
14, 11, and on (hrough 14 and 15 until a single living plant was found.
The selected plant was weighed with a spring balauce to 5 grams as
soon us it was pulled, and then the diameter of the stem just below
the Towest branch was measured to a millimeter with « small caliper.
Two measurements were taken at right angles to each other. The
shiples were then forwarded to the laboratory, and the data sheets
were forwarded to office personnel for ealeulation of the cubic confent
ot the plants in the plot. The defolinted weight of the selected plant
was obtuined, and a general determination was made of the relation-
ship of the nonrubber-heaving tissue to the entire weight of the plant.
Tt was found that in irvigated shrub the leaf weight averaged 27 per-
vont at the age of 1 year, 20 percent at 2, and 16 percent at 3 years of
age, In dryland shrub, the lenf weight was somewhat higher, averag-
ing 30 percent at 1 year of age, 25 percent at 2, and 21 percent st 3
years of age.

These data furnished a valid estimate of the volume and weight of
the available shrub in the field. Laboratory tests provided informa-
tion on the rubber content of the defoliated shrub, and this was used
to make estimates of the amount of rubber in the field. This fulfilled
the chief purpose of the sampling. Important aspects of guayule cul-
tivation were revealed by the duta collected in the sampling.

Survival in the fields sampled was seldom as high as 50 percent.
Survivals as low as 65 percent were not uncommon. In the analysis of
the sampling dafa, it was found that there wus an inverse correlation
of uround —0.5 between survival rate and the crown volume of the
individua! plants. This showed that the remaining plants took ad-
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vantage of the space not occupied by the dead or missing plants. The
increase in growth of the remaining plants did not fully compensate
Tor the missing plants in the 3-year period for which data were col-
lected. In a longer program, full compensation might have been
made. Bullard (42) states in regard to estimating ervor, “Ordinarily,
the variation in survival found in one plantation i$ not p:u-lictﬂ:u‘fy
great. Where such is the case, any bias introduced by survival would
be small.”

Data collected in the sampling program indicated that the 98- by
20-inch spacing adopied in general for irrigated fields might be too
close for adequate growth of the plants in a field rotation of more than
3 years. Ioven with the slower growth of dryland shrub, the adopted
spacing of 28 by 2+ inches would be inadeguate if shrub maturity
{maximum rubber} were nof attained until the seventh or eighth year.
It was suggested that possibly 2 return (o 2 36-ineh between-1row spac-
ing might be indicated, with a greater density of plants within the
row,

By coordinating the data from the sampling program with informa-
tion obtained in the research programs, it was possible to obta'n infor-
mation on the effect of soils, climate, and culture on the yield of rubber.
In weneral, it was adduced that close spacing, which increased the
plant stress, should be practived for early production of rubber, but
that wide spacing would be better for Jong-rime production. Mechan-
iead cultivition and hand hoeing injured the plunts, This injury
could be minimized by the use of chemical herbicides. Diesel ol
proved effective in field planting. The rubber content and condition
of the shirub atfected the efficiency of the milling of the shrub. These
results indicated that fall harvest of shrub from dryland plantings
would he best, while late fall and winter bharvest would be best for
sheuh on irvigated lands.

Production research conducied directly by the Fovest Service, or
in close collaboration with the resenrch agencies through assignment
of resenreh personnel to the Forest Service, also made a major contri-
bution in the form of {teld surveys of narive stunds of guayule. Field
survers of the available sheub in the Big Bend distriet of Texas led
bo estimates that some 1,750 tons of shrub were available and that
about 500,080 pounds of rubber could be obtained. Aciual shrub col-
tection resulied in LT00 tons, dry weight, of shrub, which yielded a
totad of 310,056 ounds of rubber, .

Another minjor contribution of production regenrch was in im-
provements in the methods of processing guayule for rubber recovery.
Cumpaigns for the alilization of shrub growing nt Salinas, Calif,,
taken over by the Government from the Infercontinental Rubber
Company, and that from nuative stands in Texas, necessituted major
changes in plant harvesting and processing methods. Directly, and
in cooperation with the approprinte vesearch agencies, these changes
were investigated and instituted in the Spence factory at Salinas and
n o pew factory constructed ot Bakersfield, Calif,  The extent and
character of these changes are discussed on pp. 117-119. They repre-
sented major and concrete accomphishnients by the production research
unit in the guayuale program.
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SHRUEB PROCESSING
Processing by the Intercontinental Rubber Company

In ihe berinning, puayule shrub was freated in individoal ball or
pebble mills Tor the separation of the rubber from other plant mo-
ferin).  This trentment was aceomplished in the presence of water.
The action of the balls or pebbles was 1o comminute the shrub. In the
process, the rubber guthered fogeilier in small particles that became
known as “worms’ while the woody and fibrous materials were grround
{iner and finer. Affer w ealeulated 1ime, the comminuted shrub was
distharged into 4 tank of water, The rubber parvticles flonted to the
surfnce and the other wmatertal, that hind been ground fine and wader-
logered by the grinding process, sank.  The Infercontinenial Rubber
Company hud improved this process by the introduction of long tubes
inte which measured amounts of shruly and water could be fed con-
tinnously wnd From which tliere was a constant dischuege of processed
planl material,  As in the bateh process, this comminuied material
way dlischurged info an excess of waier io float the rubber. The yubber
from this first freatment contained “corly™ material from the burk
and woody fragments caught mechanically in the rubber, It wns
placed in w pressure chamber to walerlog che corky and olher non-
rubber material. 2 second flotation then served to furnish a some-
what purilied rubber that was then dried and pressed into blocks for
shipment to the market.

Processing by the Emergency Rubber Project

Among the properties tuken over from the Tntercontinental Rubber
U wis o B0-aere lield, known ns Arguello Field, coniaining mature
gunyule shrub that eould be used iumedinfely to gain experience in
ihe processing of guayule for rubber. There was slso an extraction
faetory, the Spenee ML located al Safinas that had been used by the
rompany in past rubber exteaction campaigns and ready,; alier over-
hanl. For usg.

Sowme of the company processes were recognized as unsadisfoctory
i fhe bognuing, Chiel ol these were:

(1) Dependence on direet exposure of the harvested shrub to the
swiLas ameans of euring.

(2} Chopping the shrub in the harvest field and bauwling the
chopped shrab to the mill for processing.

13y Storage of the cut shrub o bins for several days prior to
Processing.

The dismdvantuges of suel o system were immediately appavent.
TTarvesting and milling were frequently interrupted by wc;tt\lcr col-
difions which disrupted harvesting, curing, :mcLl cutting operations.
When chopped S}ll'llll) wag placed i bing at the plant, particularly in
dump roedition, compaction oceurred and decomposition Tollowed.
This rvesulted in reduced yvield wnd lowered quality of rubber. A
rotary kiln installed by the compuny wus only partly successtul in
overcoming (his fuctor.
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Processing changes by the Emergency Rubber Project

The general processes used by the Emergency Rubber Project to
obtuin rubber from guayule were described by Keuaneth Faylor (2/7).
The first changes in procedure instituted by rhe Emergency Rubber
Project (786) involved principally the harvesting of the shrub and its
transport fo the factory.  Shrub was dug and allowed to cure (dry)
in a windrow for 3 to 5 days., This eliminuted the surface moisture
widd veduced the water content of the shrub somewhat. The shrub
was bot chopped in the field because of the problew of storage in bins
at the factory. Instead, the shrub was compressed into 200-pound
bales nnd haoled to the mill as soon as possible.  ["ndercover storage
Tor 13 to 12 days of milling was provided.

("hanyes instituted at the mill included :

(1} A corveyor was provided to pass the bales of shrub through a
suakimg vat tosoften any divt ¢elinging to the roots.

(2) Bales were then broken and the plants placed separately on a
conveyor, which passed through high-pressure water sprays to remove
tha dirt.

(3} Washed shrub wus then chopped on a rotary-blade cufter
designed to furnish particles of uniform siza.

{(4) An mproved drier, heated by steam, was obtained to reduce
damage (o the rubber, which resulted from colder types that were
divectly fred.

{2} The primary crusher was Installed after the drier, to increase
efficiency, and {o reduce finther (he exposure of the rubber to elevated
temperature.

(G) .\ continuous weighing muachine was installed in an effort to
obtain Lerter control over the amount of shrub fed to the mill.

{7} New crushing rolls were installed.

{5} Silt traps were installed hefore and after the primary fotation
tantk, end o mechanical skimuer wus lnstalled on the second flotation
and

{93 A hydraulie ram was installed te give botier control in dewater-
ing the rubber worms.

{11) The dewatered worms were treated wirh 0.5-percent Tonox
{an antioxidant) prior to final drying.

(11} Standavdized eperational specifications were adopted.

Milling of young shrub

The Bureau of Agricultueal and Industrial Bogineering initinted
a program of research into the milling of young shrub at the nge of
2 yewrs, It was considered essentind 1o be able to aceomplish this
should i become mipertant ro produce rubber before the shvab reached
the normal age of § to 10 years, when maximum rubber content would
be venched,

Sinee the rubber is contained in the guayule shrub in the form of
latex i individual eells, it was considered important to bring about
the congulation of the fulex before submitting the sheub to comminu-
Fion i the presence of water.  Much of the loss of rubber under such
conditions was atiributed to the loss of this uncongulated latex. The
curing or dryving of the mature shrob prior to milling was primarily
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to prevent the loss of uncoagulated latex and it was even more impor-
tant tlat the young shrub be given prior treatment to assure the coagu-
lution of the latex.

One treatment for young shirub, also considered for old shrub, was
retting before milling, It was considered that this would result in
the congnilation of the atex, would reduce the anount of material to
go through the mills, and might also serve to simplify the storage of
shrub harvested during the optimum havvesting period but held to
provide year-vomnd factory operation to reduce the cost of extraction
and make adeguate use of the extraction facilities.

Tn these experiments, it was found that bringing the plants to the
23-percent moisture eontent, considered necessary for coagulation of
the latex, might take as long as 5 days, and that even by parboiling
and deleafing the shrub the time could not be reduced io less than
35 days. The relting experiments proved only partially successtul
and there was only a 4d0-percent recovery of rubber from retted shrub.
From shirub that had Deen stored whole for 70 days and defoliated im-
mediately before milling, there was 78-pereent yecovery of rubber in
milling. while from shrub that was detfoliated before storage, there
wug SS-percent recovery.

The rubber worms from the young shirub were sticky and more diffi-
enlt to free Trom nonrubber partieles thau was rubber from old shrub.

Shrub defoliation

The leaves of young plants coustitute 15 to 33 percent of the dry
weight of the plant. These leaves conlain little rubber, and none that
could be recovered by the conventional methods of extraction. Com-
parved to the vest of the plant, the leaves contain a lavge amount of
saponacgous material thae interferes with the formation of the rubber
ito worms i the extraction process. The leaves ave high in man-
gunese und copper, both deletertous to the rubber. The defolintion
of the plants prior (o extraction of the rubber is therefore highly
important. It was nol pessible to defoliate the plants betore harvest
by the use of defolinnl sprays since guayule does not produce an
abseission layer and does not shed its Jeaves normally.

A standardized method of deleafing guayule shrub by boiling whole
bales was worked out.  'The bules werve then transported fo a trommel,
or rotary sereen. At the entrance to this machine, the bales were torn
open. The tumbling action released the leaves, which then fell
through the screen. The guayale leaves were high in nitrogen, and
found a ready sale to farmers in the Salinas area.

Other improvements in shrub processing

Improvements were made in nearly all of the operations of shrub
processing for rubber—flotation, decorking and refining, dewatering,
and dryng.  An experiment of great potentiality, that was started
but not earried through to compleiion, was the use of Jordan mills,
such as are used in the preparation of wood pulp in the paper-making
industry. It appeared that use of these mills might vevolutionize the
suayule extraction process.  Mills were obtained, but delays in receipt
of certain fundamental equipment, and a shortage of skilled labor,
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mads it impossible to test them adequately. The few tests made were
highly promising but indicated that the limitations in the accessory
equipment made it impossible to take full advantage of the capabilities
of the Jordan.

Post-War Processing Research

The Burean of Agricultural and Industrial Chemistry took over
all research on the provessing of guayule after the termination of
World War I, the liguidation of the Emergency Rubber Project, and
the reanuthorization by Congress of research by the Department of
Agriculiure.

In the beginning of this phase of the research it was stated (8)
that “Laboratory investigations will be devoted to the extraction and
processing of rubber from guayule as the most promising of domestic
rubber-bearing plunts. In the conduct of these investigations it is
felt that move emphasis should be placed upon fundamental aspects
of the work in comparison with the previous Emergency Rubber
Project extraction research program. The latter was of necessity
largely centered avound developiment of improvements in the existing
process, owing to war emergency need for rapid production of rubber.
For example, more intensive study will be directed toward the identifi-
cation and physical and chemical characterization of resins and other
constituents of guayunle shrub which affect rubber recovery, either in
the latex or coagulated form, and/or which affect quality of the vul-
canized produets.’”

Organization of processing research

The research work of the Burean of Agricultural and Industrial
Chermistry was divided among four Sections: Laboratory Extractions,
Pilot Plant OQpetations, Analysis and Testing, and Lafex.

Lahoratory Extractions Section. This unit, under the direction
of Dr. Ralph W. Planck, condueted chemical and technological ve-
search on the extraction of rubber and other constituents from rubber-
beaving plants, research on methods of recavery of the rubber in co-
agulated form as “worms,” retting, milling, solvent extraction. and
separation of rubber hydrocarbons and vesins.

Process Research and Development Section. This unit, under
the leadership of Mr. Kenneth W. Taylor, conducted research on the
eperation of the pilot plant for recovery of rubber from various rub-
ber-bearing planis, on the perfection of various steps for rubber ve-
covery ona factory scale, and on the development of new and improved
methods of processing. This unit also cooperated in evaluating
sumiples of shrubs from various field tests and hreeding experiments.
This_cooperntion was designed to guide the agronomists and plant
breeders in producing shrub with an optimum processibility in the
extraction of the rubber after harvest.

Analysis and Testing Section. This section, headed by Mr. Fred-
erick Clark, was organized us a service unit to perform analvses of
plant material, hagasse, latex dispersions, crude rubber, et cetera, and
to make physieal tests of crude rubber und vuleanizates for other
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sections. It conducted reseavch on the development of new improved
methods of analysis and testing, and special formulations, and use
applications of rubbers from domestic rubber-bearing plants.

Latex Seetion. The latex section, under the direction of Dr. E. P.
Jones, undertook the hinprovement of the vurious processing steps for
the recovery of guayule rubber in Iatex form, inclnding the mechanical
disintegration of shruly for release of rubber from individual plant
cells, the separation of finely suspeuded plant solids from latex dis-
persions, and the concenfration and creaming of the latex.

Milling research

The Emergency Rubber Project, following closely the lead of the
Intercontinental Rubber Compuny, stressed the unecessity of drying
(curing) the guayule shrub before rubber extraction. IElforts were
made to bring the shrub fo a moisture content of not more than 25
pereent in the expectation that this curing would help to coagulate
the latex and avoid its loss in the water in the mill.

An early contribution of the pest-war researeh was the demonstra-
ion that it was not necessary to dry the sheub before milling; that the
Tush shruly divect from the field could be mitled sucecessfully, and that
the rubber from lush shrub was superior to thut from drisd or stored
sheub,

The milling of fresh, lush shrub was first accomplished by adding
neid fo the vater fed to the extraction mill. This served to congu-
late the latex and prevent its dispersal in the milling water. Later,
Taylor and Chubb (2/9) developed o method that did not require
the uge of acid, nder this method, the shrub was parbotled and
then submitied to high pressure in crushing volls or hammermills.
Pasging the shrub threough the erushing voll a second time gave even
better results, and successive crushing incrensed the yield, six passages
through the rolls being the most reported. A recovery ol 85.3 percent
of the available rubber was reported after two passuges of the shrub
thiroregh the crushers,

A grrent handieap in the production of guayule rubber from wild
shroby was the length of time required to get the shrub to the mill
aftor harvest, The shrub had te be dug by hand and hauled fo
conventration aveas on pack animmals. Daling equipment was then
usedl to compress the shrub into bales for transportation by truck to
the nearest railrond siding. Uncertain ailroad schedules often re-
sufted in the baled shrub standing unpretected on the siding for
months, awaiting trunsportation Lo the factory. The extructed gua-
yule rubbeor wus high in vesing and was discounted on this basis. How-
ever, it wag found that there were large amounts of plant debris in
the rubber, and tests at Balinas indicated that this tnsoluble materinl
was more deleterious to the guayule rubber than were the rvesins.

In milling lush shrub it was found possible to grently reduce the
amount of ingoluble impurities,  When very diry shrub is milled, fine
pacticles of bark and wood are incorporated in the rubber, and ave
almost impoessible to eliminate.  This factor is minimized in milling
tush sheub, and separstion of the insolubles is greatly simplified.
Improvement of guayule rubber by deresination is move easily aceom-
plished if the insoluble constituents can be kept (o a minimum.
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Development of control milling

Taylor and Chubb (279) recognized that rhe results of comparative
milling tests of guayule samples had been contfusing and difficult to
analyze. Methods of sampling, the vagaries of the weather during
harvest, and variations in methods of handling the swnples had intro-
duced variables in the results, and abscured the basic comparisons, It
was considered necessury to standurdize procedures to assure repro-
ducibility, and comparability of vesults. Ixperiments were instituted
to determine the sources of variability so that unitform test proceduves
could be established. Asga result of these experiments, the following
procedures were adopted:

The block of plants to be used was earefully selected with respect
to plant size, vigor, and growth characteristics. If desirable in ve-
spect to the type of test being conducted, the offtype plants were
removed. Otherwise the individual plants te be harvested were se-
lected by a process of randomization. En all cases, the harvested
plants were taken to the pilot plant agquickly as possible.

The plants were purboiled for 15 minutes at 200° F. aud then
defohiated. They were then cut in a fly-knife cutter to pass through
i Lh-inch sereen,

Samples of the cut shrub were taken for analyticul determination
of rubber content. The cut shrub was then passed twice through
crushing rells with a clearance of appreximately 0.002 inch, and then
through a hammermill with a 34-inch sereen.  This materinl wus sep-
arated mto the desired number of replicates, each of which was sam-
pled for rapid moisture determination.

Mill charges were weighed out on a dey-weight basis determined
by the rapid moisture test. Each mill churge was labeled and held
overnight in a eovared cun,

The replicates were milled in 27-inch batch pebble mills with a
water-to-solids ratio of +3-1 and a pebble-to-solids ratio of 20-L.
The mills weve run at 80 percent of their critical speeds, and with
an initial temperature of 85° F.  Milling time wuas G niinutes, ex-
clusive of time vequired after some 14 to 15 minutes to stop the mill,
vemove the cover, and veplace in the mill the shruly that had become
packed between the milt and lid.

When milling was complete, the mill was opened, lled about hulf
full of water, and the contents, exclusive of the pebbles, discharged
into the flotution tank. The mill was rinsed five times with copious
amounts of water.  On the fourth rinse, the lid was veplaced and the
milt run for tive revolutions, After vinsing, hot or cold waier was
added io the flotation tank to provide a water-golids ratio of 100-]
at 106e B,

The Hoating rubber was then skimmed off and the flotation liquor
agitnted for & minutes with an electric mixer and sllowed to settle
for 3 minutes. After a second skimming, the aritation and settling
were repented and ¢ third skimming performed.

Decorking was accomplished in a pressure tank (paila). The tank
was preheated to 2007 ¥, The rubber with aboutl 3 times its volume
of water was infroduced and brought to o rolling boil.  Hydrandic
pressure of 500 pounds per square inch was applied for 90 minutes.
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This pressure was adopted as standard rather than a pressure of
a 00t pounds per square ineh, deseribed by Cumming and Chubb (77).
The rubber was discharged into 2 fotation tank with a water-to-solids
ratio of approximately $00-1 and a temperature of 140° F. The rub-
ber was skimmed off and held in warm water for scrub milling.

The seruly mill was preheated to 140° ¥, The rubber was placed in
ibe scrub mill together with pebbles at a pebbles-to-solids ratio of
about 20--1. Wuter and steam were introduced ro give a wuter-to-
solids ratio of about 20-1 and a minimum temperature of 140° F.
After serubbing for 15 minutes, the rubber was discharged into o
flotation tank with a water-to-solids ratio of 400-1 and a minimum
temperature of 140¥ ¥, The rubber was skimmed off und spread to
uniform depth in drying trays.

Depending on the nature of the experiment, antioxidant could or
could not be added beforve drving. The rubber was dried in a through-
circulation drier at temperstures of 100° F. for 714 minutes; 125° F.
for 714 minutes; 150° F. for 715 mmutes; 175° F. for T% minutes;
and 200° F. for 30 minutes. The trays were then weighed and re-
placed in the drier for 5 minutes and reweighed. This was repeated
until a constant weight was reached. The trays were then removed
from the drier, samples taken for chemical analysis, and the weight
of recovered rubber vecorded.

Control methods were set up for determining the rubber lost in
the bagasse and in the eflfuent (or flotation) liquors, It was found
possible to control the temperatures and ratios wich sufficient acenracy
to give o high degree of reproducibilty of results.

Extraction of guayule rubber as latex

The Kmergency Rubber Project demonstrated the possibility of
extracting the rubber from gmaynle in the form of latex. Lloyd (146}
had shown that the rubber was contained in the plant in separate cells
but in the form of latex. Tuking advantage of this fact, it was found
possible to diseupt these cells into & liquid mediuny, dispersing up to
85 percent of the rubber available in the plant. By suitable centrifug-
ing, it was possible to recover up to 90 percent of the dispersed rubber,
giving an overall net recovery in the form of latex of some 76 percent
of the availuble rubber,

Jones (136737 138) improved the methods of disintegrating the
plants to obtain maximum dispersion of the rubber Iatex. It was
recognized that it would be desirable to eliminate the leaves before
extracting the rubber. This, however, could not be done as success-
tully as was possible in processing the shrub to obtain solid rubber.
The lack of a definite abscission layer in guayule made it impossible
to use chemical detfoliunts on the plants in the field. Parboiling to
release the leaves rvesulted in the loss of latex by coagulation. The
leaves on the plants added much to the fine trash that was included
with the latex, Centrifuging was made very difficult by the presence
of thiy fine trash. und the batch-type centrifuges had to be closed down
periodically during the centrifuging to eliminate the fine solids. In
the luter stages of the work, continuous systems of centrifuging were
tested with some promise. Whittenberger and Brice {250} developed

Tr-~828 O ——8




124 TECHNICAL BULLETIN 1327, T.S. DEPT. OF AGRICULTURE

a method for the rapid estimaiion of the rubber content of guayule
latex dispersions to guide the concentration procedures,

Rubker extracted in the form of latex compared favorably with
Herew vubsber. Feustel (98) found that *CGruayule latex rubber showed
physical properties and chemical composition superior to those of
regular commereial guayule rubber. The composition of cuayule latex
rubber is quite similar to the composition of Hevea latex film, except
that the latter rubber is slightly lower in resin and slightly higher in
insolubles,”

Storage stodies

Specific studies were initiated by Taylor and Chubb (279} to deter-
mine the effect of storage on the content of rubber, the quality of
rubber, und factors involved in extraction. Standardization of the
milling procedures made it possible to avoid some of the uncertainties
nssocinted with previous tests. The need for stornge for limited or
protracted perio(']s to acconnnodate to milling capacities when harvest-
ing of fresh shrub was impossible or undesirable, had to be considered
In estimuting the cost of producing rubber from guayule,

The first tests undertaken were to compare the results obtained by
milling baled shrub and defoliated buled shrub held in stornge with
results obtained through milling fresh shrub not held in storage. The
stored shrub consisied of (1) shrub dug and feld cured for 7 days,
baled with leaves on und stored up to 6 weeks, then parboiled, defoli-
ated, and milled; and (2) shrub dug and hauled to the pilot plant at
once, purboiled and defoliated. stored up to 6 weeks, and milled. The
control consisted of shrub harvested und processed with o minimum of
delay,

The tests left many problems of shrub storage unsettled but, in
general, the fresh shrub yielded the best rubber with the highest
molecular welzht and lowest content of ingsotubles, some 50 percent
lower than usually found. The shrub stored without defoliation rave
the Jowest yield of rubber and the lowest quality but had a slight
dlecrease in resin content. The shrub that was defolinted before stor-
nge showed an increase in the rubber hydrocarbon in the crude rubber,
a decrense in the resin content, but an increase in the coutent of in-
solubles. The total amount of rubber recovered increased with storage
from 3 to 6 weeks, but decreased therenfter.

Storage as ensilage

In cooperation with the Burean of Plant Industry. Seils, and Agri-
cultural Engineering, a tesr was made of ground shrub stored (1) in
@ comparatively warm location without added wafer, (2) in a com-
paratively cool location without added water, and (3} in a compara-
tively cocl location with added water, The conditions of the test made
it impossible to compute specific vields, but as reported by Naghski
et al. (767), the predominating organisms were studied and identified.
Tn these tests, the gquality of the rubber extracted deteriorated because
of storage conditions, but in other tests, Whitte ef ul. (247) and Allen
and Emerson (/4) reported that the quality of the rubber from ana-
yule shrub could be nmuarkedly and consistently improved by retting
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hefore milling, the resing being reduced 50 percent and the tensile
strength increased 530 percent. Allen et al. {77) described a method
found useful in detecting resin-decomposing organisms, and improv-
ing the process of eliminating resing by refring.

Mill equipment studies

Shrub preparation. Parboiling and defoliating were found to be
desirable in the prepuration of shrub for milling. The problem of
recdueing the shrub to a size suitable for feeding to the pebble mills
reguired cxtensive resesvch which resulted in the determination to
discard cutting machines which required high mainfenance costs to
Lkeep the curters sharp.  Flammermills and crushing rolls did a superior
job of shrub preparation and also served, through blunt maceration,
to congulate the latex and facilitate the extraction of the rubber.

Degradation by milling processes. Meeks and Feustel (/59) re-
ported that detailed stuclies of the extraction of rubber by the standard
methods failed (o show that any single process, of itself, resulted in
any degradation of the rubber.  The molecnlar weight of the rubber
in rhe shrub was found to be 160000 to 165.000.  After passing through
the pebble mill, the average value was 162,000, The mean molecular
weirhr wie 157,000 after paila treatment and scrub milling, but this
redluction was not found to be statistically signifieant. Drying m a
cirenlating dinfe oven at 200° F. lowered the molecular weight to
141,000-—n significant decrease. However, lowering the temperature
and adding antioxidant to the rubber overcame this factor.

Tube mills. Detuiled studies of the operation of the tube mills
wsed for the extraction of the rubber from guayule shrub showed
that, while they nre still the best devices available for this purpose,
there is un unavoiduble loss of rubber in the process. Feustel {98)
reporied that in tests designed to determine the efficiency of the tubes,
there wis a recovery of only 661.64 pounds of rubber hydrocarbon in
the crude rubber extracted compared to a ealeulated content of 912.8
pounds of Tubber hydrocarbon in the shrub fed to the tubes. This
indivated a recovery of only 72.5 percent of the rubber available in
the shrub. A\ total of 13.6 percent of the available rubber was found
in the bagasse (11.8 percent) and in the sump and centrifugal filter
(L percent).  This left 1 rather large discrepancy, some of which
was undoubtedly atiributable to errors insampling.  Continued opera-
tion of the tubes was not possible because of lack of time and shrub,
The conclusion was “that tube miils may not be the best possible tool
for the recovery of rubber, or considerable additional work may be
needed fo develop the optimum milling procedure.”

Jordan mills. Preliminary tests by the Emergency Rubber Proj-
ect had indicated thut Jordan mills were promising for extracting
rubber from guayule. These tests were made on a batch basis and were
never earried on over a sufficient period to determine the efficiency of
the mills. Feustel {98) reported that the Bureau of Agricultural and
Industrin]l Chemistry converted the Jordan mills to continuous flow
operation and conducted many tests of their efliciency, but it was
deterniined that the Jordan mill did not give satisfactory yields of
rubber hydrocarbon, The yields ranged from 69.8 to 78.8 percent of
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the available hydrocarbon, with n mean vield of 76.25 percent. Most
of the losses consisted of unmilled rubber in the bagasse.

Guayule varieties and hybrids

Feustel (98) reported that, in cooperation with the Bureau of Plant
Industry, Soils. and Agrieultural Lngineering, tests were conducted
to determine the milling characteristics of certain selections of rnayule
and of hybrids between guayule and other species of Parthonium.
Three selections of guayule were tested, inclucling the standard strain
593, developed by Willinm B3. McCuallum for the Intercontinental Rub-
ber Company; 4265-1, a selection from 4263, collected by LeRoy
Powers in the State of Durango, Mexico: and 4265-X, a selection from
4265-1.

Four hybrids between guayule and stramonium ( Parthenim argen-
futum A Gray and 2. tomentosum var. stramonem (Greene) Rollins)
were fested, as were also two hybrids with mariola (F. incanum
IL.BAX). One of the mariola hybrids was with guayule and one with
. gruaynle-siramonium cross.

These tests were too few and too limited to determine the basic
characteristics of these strains and hybrids, but were highly important
in indicating thal in any breeding program to improve the yield of
guayuie the processibility of new strains must be determined before
they can be considered for commercinl use.

Notes were made on the individual tests as follows:

D63 (Guayule 593, female N Stramonium 43700, male), 3-year-old
shrab.  Wood fibers were very long. Sinall worms of rubber were
observed after one hour of milling. A frer milling, worms were bright
olive green in color, very buoyant in the flotation tanks, but difticult
to recover because of their fineness.

D118 (Guayule 42268, female, X stramonium +3691, male), S-year-
old shrub. Wood fibers long and stringy. Flower stems profuse.
No distinet worms discernible afeer 1 hour's milling. At end of mill-
ing, wormns were very small, bright green, and diflicult to skim because
of thetrsize. Bucyancy wasuverage.

D-153 (Stramenium 43691, female, X Guayule 4268, male}, 3-yenr-
old shrub. Tong wood fibers. No worms apparent after one hour's
milling. At end of milling, worms were exceedingly fine, dull olive
green 1n color,

D-155 (Stramonium 43691, female, X Guayule 4208, male), 3-year-
old shrub. Woed tough and fibrous. Much more diflicult to handle
than guayule. Flower stems profuse. No distinet worms af one hour.
At end of milling, worms were exceedingly small, diflicult to handle,
and dull olive green in color. Dried deresinated rubber not rubbery
in texture ; more like dried putiy.

4265-7 (Guayule). 3-year-old shrub. Very difficult to defoliate.
Wood fibers comparable to guayule (593). At the end of milling the
worms were typicul grey-green and ubout the usual size. Rubler very
buoyant und floated more reaclily than most.

4265-X (Guayule), 3-year-old shrub. Defoliation not difficult.
Wood character ordinary. Worm characteristics same as for 4265-1
and 593.
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893 (Guayule), 3-year-old shrub. Wood fibers very much shorter
than for any hybrid, but about the same as the two varieties of 4265.
Worms formed at end of ene hour of milling and at end of milling
period exhibited normal characteristics.

Mariole hybrids, 2-year-old shrub. Too little material to process in
mills. An attritor was used for milling. The resulting rubber ag-
gregates were very fine, not wormlike, and could not be recovered by
conventionul skimming.

Deresination of guayule

Two methods of obtaining deresinated guayule rubber were tested.
In tha first method, the chopped shrub was subjected to treatment with
acetone to extract the acetone-soluble materials prior to milling. In
the second method, the rubber worms were treated with acetone to
extract the resing, In both cases, it was found possible to make the
extraction without drying etther the shrub or the rubber. The acetone
quickly displaced the water, and the efficiency of the extraction was
not lowered ; nor was the loss of acetone material.

Shrub deresination

Chubb et al. 185) reported on tests undertaken to determine the
feasibility of devesinating the chopped shrub prior to extraction.
Shrih of various ages was gathered throughout the year. In these
tesis both shrub age and seasonal clunatic influences were compared on
the busis of effect (1) on processing, and (2) on the quality of the
extracted rubber. A\ special countercurrent extrnctor was devised for
the tests. Milling of the deresinated shrub presented no difficulties
and the rubber produced was distinetly superior to, und more uniform
than, the ordinary resinous product produced by milling the shrub
that had not been deresinated. The rubber from the deresinated
shrub was reported comparable to Hevee No. 1 smoked sheet. TS,
Putent 2459369 was granted Tint and Murray (233) for a method of
deresinating guayule shrub before milling for rubber.,

Deresination of guayule rubber

Clark (47), Clark et al. (83), Banigan (21}, and Ciark and Feustel
(29) investigated the factors involved in deresinating guayule after
extraction.  Much smaller amounts of acetone were required than in
deresinalion of shrub, but there was the problem of obtaining adequate
penctration of the acetone into the extracted rubber.

In the normal milling process, resinous guayule rubber is recovered

*from shrub in the form of smull spougy particles known as “worms.”
The term “worm deresination” 1s tLeretore used to designate deresina-
tion methods wherein the milling operation precedes the acetone
extraction step, in contrast to “shrub (lleresilmtion” where the reverse
order is followed.

The resin-containing rubber worms were prepared from freshly
harvested 3- to T-year-old guayule shiub, variety 593. Worms that
had to be held were preserved with o smull amount of formaldehyde
and/or refrigerated. Acetone was used primarily in the studies.
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The spongy worms were treated without dewntering since the pres-
ence of water helped to maintain their spongy character, and aided in
obtaining efficient penetration of the acetone, which guickly replaced
the water, Very little acetone is required for water removal once equi-
librimn has been estublished in u continwous countercurrent system.
Equilibriam was maintained in 2 laborutory-seale-bateh, countercur-
rent extractor at a resin level of 2 percent in the issuing rubber, and
10 percent in the withdrawn acetone solution for an acetone- to resin-
free rubber rutio of 4.8 to 1. FHoover et al. (728) found that guayule
“worms” could be improved by fermentation in aqueous medium with
Pseudomonus boreopolis, Aspergillus fumigatus, or Prichoderma sp.
Stemberger et al, {277) perfected a method of purifying guayule rub-
ber by treatment with hot metallic hydroxides.

Analytical procedures

Determination of the efficiency of guayule processing depends on
acewrnte methods of determining the rubber present in the shrub before
processing, the precise measurement of the resulting rubber, and esti-
mation of its quality, A constunt effort was made to improve methods
of sampling the shrub and methods for determining the amount of
rubber pregent,

Estimation of the rubber content of plants. Numerous methods
of determining the rubber content of plants have been developed and
used successfully. The standard methods (see p. 109) in the past have
depended primarily on a double extraction, {1} with acetone, to ex-
tract the so-called resins or material that would otherwise be ex-
tracted, and (2) with benzene to extract the rubber. After drying,
the second extract was weighed as rubber. Many improvements have
been made in the basic system to gain precision and reproductivity,
and Meeks et ol. (758) improved the methods of comminution of the
snmple by substituting grooved and smooth roils for the laboratory
grinders. They added trichloroncetic acid to the benzene and brought
the rubber into solution rapidly by tumbling in the presence of pebbles.
A major shortcoming of the method wus thar it did not differentiate
between cig-polyisoprene (rubber) and fruns-polyisoprene {gutta).
In a general comparison of miscellaneous plants for rubber content,
this would be e serious deficiency bur it did not prove important in
the case of gunyule, which produces only the eis polymer. A minor
deficiency that did apply to guayule was the existence in guayule of
& small amount of rubber of low molecular weight that is soluble in
neetone.

Low-molecular-weight fraction of guayule rubber. Meeks et al.
{157} showed that an acetone-soluble low-molecular-weight fraction
exists in guayule rubber. This was found to constitute only a negli-
gible portion of the rubber in the plant, but represented up to 46.37
percent of the rubber in individual segments of the plant, It was not
possible to determine with certainty the origin of this low-molecular-
weight rubber. The authors state, “Whether this fraction is present
as such in the live shrub where it may play 2 role in the synthesis of
rubber, or whether it should be regarc &(H as some degradation product
of the higher l)ol}-prenes, resulting from an enzymatic or oxidative
process, are subjects for speculation and further investigation.”
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Determination of rubber in plants by bromination. Xdison
(84)* used a method of conveérting the extracted rubber from plants
to a bromide that could be precipitated from solution by alcohol and
could theun be determined gravimetrically. In Edison’slaboratories, a
factor of 0285 wus wsed to convert the weighed bromide to rubber.
This method of analysis confirmed the presence of rubber in the ben-
zene solution from plants and included the low-molecular-weight frae-
tion that would ot‘lerwise have been lost in che ncetone extraction.
Willits et al, (252) studied the application of this method to the de-
termination of rubber hydrocarbon in samples of raw rubber and
found u factor of U242 rather than 0.235 determined in the Edison
laboratories.  {fowans and Clark (174) compared samples of crude
guavule rubber and samples of Hecew smoked sheet. Their tests
showed thut the factor for guayule rubber was 0.301 while that for the
Herm rubber was 0.289,

Whittenberger (249) and aasis (775) developed microscopic meth-
ots of testing ground plant material for rubber chat could serve for
the exwmination either of fresh sumples or the effluent from extraction
mills.

The pilot plant as a research tool. The pilot {)lanL is normally
thowgrht of as the forerunner of the factory mstallation, and is de-
siened and operated to guide factory design and to determine and
solve the probiems that iy be faced in Luge-.,c.tle opemtlons In the
auavule researely however, Kenuneth Taylor and Chubb (220) showed
that the existing 111]0[ plant at Salinas had an immediate nsefulness
not associated with factory operations.  In the field operations of the
research on erop production and the study of the effect of growing ot
handling of the shrub on the amount and quality of the lubbm, it
was found desirable to make processing studies on « sufficient amount
of shirub to determine the effect of the treatment under study. Thus,
the pilot plant became a vesearch tool, and the development and main-
tenanee of precise controls and procedures had to be clleveloped to gain
standardizarion and reproducibility.  Steps taken to assure this uni-
lormity of operation are outlined under Development of Control
Milling.

Rubber testing, The ultimate test of all field and factory opera-
tions in the production of guayule rubber is the amount and quality
of rubber praduced.  Lachstep of the production of shrub and rubbet
st be checked, not only for its effect on rhe amount of rubber, but
as to whether the rubber quality is improved or impaired by the treat-
ment.  Maost of the methods of extrueting rubber at the various stages
of shrub growth or shrub processing could be standardized for maxi-
mum reproducibility.  These processes were unique for guayule, and
depended on the aee -uintlated experience of the ngencies that had had
responsibility for guayule development.

In testing the rubber ebtained from the shrub, standardized proe-
£5505, (lel.'elupt:d in researvch luboratories of the rubber trade through-
out the world, were available.  These procedures proved adequate Tor
maost of the testing probiems.  Contributions to the technigues of rub-
ber testing were made by the guayule project, including that of Rolla
Taylor (221) who experienced difliculty in maintaining the dies used
in cutting rubber samples Tor laboratory tests. Ie developed a fix-
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ture for holding the dies precisely while sharpening them so as to give
a high degree of precision in the configuration of the die.

Gowans {172} experienced difficulty in obtaining reliable oxygen ab-
sorption mensurements in accelerated aging tests of raw gua}'lﬁe rub-
ber owing to the flow of the rubber us oxidation took place. A per-
forated staniniess steel envelope was developed to hold the rubber sam-
ple during the test. This prevented the flow of the rubber and did not
affect the rate of oxygen absorption.

Taylor und Ball (222) measured the temperature gradients in the
Mooney viscometer during laboratory tests of guayule rubber. They
reported that, owing to the agsymmetry of the Mooney viscometer, the
variations in temperaiure were great and suggested that, in the absence
of a practicable method of mui:jng the temperatures uniforn, actual
temperatures should be recorded,

Byproducts of guayule proeessing

The leaves, cork, bagasse, and resins in guayule have n potential
byproduct vulue of some importance in relation to the cost of pro-
ducing rubber from cuitivated shrub.

Resins. The identification and characterization of the acetone-
soluble constituents of guayule received major attention. It was found
that with shrub deresination of variety 593 roughly oue-half pound
of resin could be obtained for each pound of rubber produced. Deresi-
nation of the rubber extracted in the form of worms resulted in a yield
of about half that amount. Some 37 percent of the resins obtained
from the worms consisted of unsaturated long-chain fatty acids, no-
tably lincleic ncid, along with traces of linolenic und oleic acids. Lino-
leic acid has long enjoyed an established position in the paint and
varnish industry. Banigan and Meeks (22) described the isolation
of various organic acids from guayule resins.

Cinnamic acid is present in resin as the ester of partheniol. It ecan
be released by saponification, and has an established value in the cos-
metics and pharmaceutical industries.

A “drying resin” fraction readily obtainable from shrub resin is a
hexane-insoiuble, alcohol-soluble, shellaclike gum resin which can be
easily polymerized to a hent-resistant, clear coating of good solvent
resistance. This fraction constitutes 33 to 50 percent of the shrub
resin but a much smaller proportion of the worm resin.

The terpenes of guayule constitute a potentially vailuable “naval
stores’ type of byproduct. Volntile terpenes, comprising 3 to 5§ per-
cent of the worm resin and o much higher proportion of lenf resin,
include alpha-pinene, dipentene, cadinene, partheniol, and others.
Sesqui-, di-, and higher terpenes are also readily obtuinable in signifi-
canf quantities from the nonvolatile, unsaponifinble fraction.

Meeks et al. (757) developed a1 new process for the isolution of
parthenyl cinnamate from gouayule resin by & liguid-liguid extraction,
and Walter (246) described the isolation of partheniol, parthenyl cin-
namnte, and other constituents from guayule resin.

Betaine is a constituent of guayule resins, and is also found in water
extracts of gunyule sheub. This substance is commonly obtained as
a byproduct of the sugar beet industry, and has » limited market as a
pharmacentical and for other purposes. Murray and Welter (168)
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described the isolation of betaine from guayule. An improved proce-
dure was developed by Banigan et al. (24},

The cuticle wax from ruavule leaves constitutes about 0.25 percent
of the fresh weight of the leaves. Its relative hurdness, molecular
weight, and melting point justify its consideration as u substitute for
parnauba. The distribution of this and other waxes in the guayule
plant was reported by Banigan et al. (23) in1951.

Water solubles. 'The water solubles of guayule can be clussified
into three types—polysaccharides, amino acids, and inorganic_salts.
The polysuecharides comprise levaling (froctose polymers) and pen-
tosans, melading possibly xylan. The amino acids include betaine,
diseussed above. Inulin-derived levulins are present in the defoliated
shrub 1o the extent of 8 to 12 percent, and are readily extracted by hot
water. They are of interest as a possible source of low-cost alcohol.

Bagasse.  This material could have some value as a source of fuel,
purticularly for fuel in the operation of guayule-extraction factories.
Other uses suggested include fller for brick, pressed logs, pressed
board, und compost.  When used as compost, considerable nitrogenous
material must be added as the bagasse alone ties up the available nitro-
sen 1n the soil.

Leaves. The leaves represent an important source of guayule
resing, espeeially volaiile terpenes, wax, and plant pigments. Much
of the value of the leaves for resins would be dissipated in the parboil-
ing process, however. Leaves constitute an exeel%ent soil amendment
when vomposted.  Afier parboiling, the leaves can also be compressed
into a building board that, due to the structure of the leaves, possesses
a pleasiug pattern.

Cork. The cork is conveniently obtained in a waterlogged condi-
fion from the diseharge from the lust flotation tank. It was'suggested
as a possible linolewm filler, but no tests were conducted.

The quality of guayule rubber

The quality of guayule rubber has been considered to be inferior to
thut of Heeew rubber.  In the past, this difference has been attributed
to the high resin content, and the custom has been to assume a com-
mereial value directly related to the relative resin content. Owing to
the softer character of guayule rubber, it found particular use for
many vears as a softener for Hevea rubber. _

The Department’s research on guayule vubber resulted in recog-
nition that the inferior quality of guavule rubber was attributable to
insoluble particles of dirt and plant trash, as well as to the high resin
content. The milling method of extracting gunyule rubber resulted in
a product that contained much more extraneous matter than rubber
made from latex obtained by tapping trees. As has been pointed out,
it wans found possible to reduce the nsolubles, and fo deresinate the
rubber to produce a commercially ncceptable product that could be
compounded to equal the best grades of [erea rubber.

The best index of advancement in the art of producing guayunle
rabber, as noted by Clark (56} and Feustel and Clark (99), is the
uality of the rubber produced. The estimation of the qualify serves
a double purpose: (1) the comparison of the final product with other
tvpes of rubber, either from other botanical sources or synthetic prod-
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ucts that are used in the general field of rubber technology, and (2)
the examination of field and extraction procedures to defsrmine the
effect of each on the quality of the product. It wus also necessary to
determine the particular characteristies of guayule rubber with re-
spect to testing procedures, and to develop new concepts such us those
of Rolla Taylor et al. (227), who showed that the moisture content of
the rubber und the compounding ingredients should be recorded for
consideration in the final comparisons.

(reneral Jaboratory procedures are rvailable for the testin g of small
samples of rubber, and the comparison of rubber sumples on the basis
of physical behavior in standardized tests. Most of these fests could
be performed in the testing laborutories established at Sualinas, Calif.
The facilities availuble ut other locations in Government and coni
mercial estublishments were also utilized to take nd vantage of special-
ized techniques whenever the facilities were offered.

In addition to the small-scale testing of the rubber samples, larger-
scale tests were conducted in cooperation with governmental and com-
mercial interests. Muany of these tests involved the fabricution of
articles of guayule rubber using specially devised formulaue, such as
described by Clark und Place (00}, and the testing of them in com-
parison with similar articles made From Heveq or suitable synthetic
rubbers (Clark and Place, 67).

Aging characteristics of guayule rubber

All rubbers have n tendency to oxidize and become tacky. This
s called “ngring™ and is a_measurable character that can be used in the
comparison of rubbers. Rubbers with a low rate of oxygen absorp-
tion are considered to be superior to those with rapid absorption.
Crude gruayule rubbers, both resinous and deresinuted, have relatively
poor aging characteristics in comparison with high-gunlity Hevea
rubbers. The aging of the suayule rubber is manitested by severe
tackiness, the rubber becoming quite sticky with an accompanying
loss in physical properties owing to nmoleculur breukdown.

Marked improvement was possible in the aging of guayule rubber,
Deresination of the crude guayule rabber improved the aging charac-
tevistics. Removal of the Iast resin in a complete deresination im-
proved the aging of the rubber more than did the first resin removal.
There appenred to be a fraction of the acetone-soluble muterial in
guayule rubber that was deleterious to the rubber und that neted to
facilitute oxygen absorption.  Removal of this fraction miproved the
aging of the rubber. With Hereu rubber, extraction with acetone re-
moves a natural antioxidani. Guayule rubber that has been deresi-
fatecd with acetone compures favorably with Feoea rubber that has
been (rented with acetone,

The presence of a chelating agent (sodium salt of ethylenediamine
tetra acetic acid) in the milling liquid when gunyule rubber is heing
mitled from shrub tissue significantly improves ihe aging of the re-
sultant rubber, Stewric acid added 10 the rubber before serub millmg
also improves the aging of the rubber. The use of hydrochloric aeid
inmitling resinons “worms™ improved the color of { he resultant rubber
and resulted in o 40-percent reduction in metal content. The rubber
from this treatment had inferior aging characteristics. Rubber ob-
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tained in on open container, such as the blendor used for rubber con-
tenr determinations, had inferior aging characteristics.

The use of untioxidants was found to improve the aging character-
istics of guayule so that it was comparable in aging with Hevea rub-
ber. The best antioxidant was Beta Conidendrol, Tollowed by Alpha
(‘onidendrol, Oxynone, and Agerite White, in that order. The latter
had a negligible effect on the rate of cure in vulcanization, and was
judged to be the best all-round antioxidant for use with guayule. It
was found that when a chemical antioxidant such as Agerite White
wes added at a I-percent concentration to guayule rubber, the latter
showed aging chavacteristics superior to raw Heveq rubbers. Tint
and Cumming {222) described suitable methods for applying anti-
oxidants to guayule to give maximum protection in storage. They
reported that the primary aromatic amine Tonox could be applied to
wet rubber at & concentration of 0.3 percent (dry rubber basis).

Tensile tests

Deresinated guayule rubber was compared with other types of
rubber in standardized breaking tests. Jt was found that guayule
compared favorably with good grades of Hevea rubber in these tests.
tlowever, as shown by Clirk and Place (60) and Place and Clark
472, the best tests required the use of a specia} formulation for
suayule, and this usually was not the best formulation for use with
the rubber being compared. Results of tensile tests of deresinated
auayule rubber using two special formulas, are shown in table 3.

Cooperative tests

(‘ooperaiive tests conducted by cooperating Government agencies
and eommercial laboratories provided ugeful information on the value
of the rubber,  Many of the tests were sigrificant in showing desirable
or undesirable characteristics of the rubber and providing information
regarding ils use in normal manufacturing processes. In many cases,
test procedures were applied with no regard to thie special require-
ments Tor puayule riubber, and the results mn such cuses were not favor-
able to the guayule rubber.

One rubber manufacturer found that worm-deresinated gunayule
rubber would be useful in tire carcasses but that the guayule wasslower
curing and had lower physical properties than Heveq. In some cate-
gories—cut flex, aged modulus, aged tensile, and aged cut flex—the
suayule rubber was superior, or equal to Hewvew, but was inferior in
hent butldup.

Another rubber manutacturer found that shrub-deresinated rubber
was superior to the worm-deresinated sample, but not equal in modu-
lus and tensile strength to first-quality Heveq rubber. These findings
areshown in table4.

A rubber manufacturer reported, . . . the deresinated guayule is
a high-grade form of rubber hydroearbon, suituble for carcuss stocks.”

Another report from a rubber manufacturer, who compared de-
resinated guayule rubber with a good grade of Hereq rubber, indi-
vaied that when compound recipe adjustments were made to compen-
sate for the absence of fatty acids in the guayule, vulcanizates of ex-
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Tavee 8.—Typical physical test results of deresinating guayule rubber
in gum formulas

Btress
Tensile
Minutes cured at 275° F. strength
At 500 per-.| At 600 per-
cent elong. | cent elong.

p.ai P& P82,
FORMULA Al

480
780
1, 000
1, 040

FORMULA B!

610 2, 770
940 3, 150
1,270 3,720
1, 440 3. 450
1, 510 3, 410

! Compounding recipes: Formula A  Formula B
Rubbher 100 100

6.0 40

4.0 .

3.5

L0 .

——— . 15

cellent quality were obtained having stress-strain properties nearly
equal to that of the controls. The guayule stocks were somewhat in-

ferior in heat buildup and flex cracking. Stocks of both rubbers be-
haved similarly on aging, but the modulns of the guayule stock
remained constant, while that of the Hevea stock increased.

A rubber manufacturer investigated the molecular weight of Zua-
yule in comparison with Hevea rubber and synthetic GR-S. After
preliminary mastication (four passes through the mill) molecular
weights reported were: Guayule, 491,000; Hewea Smoked Sheet,
472000; Hevea Pale Crepe, 614,000; GR-S, 215000 and 252,000,
After 10-pass milling, the molecular weights were: Guayule, 254,000
Hevea Smoked Sheet, 382,000; and Henea Pale Crepe, 821,000. Thus,
the guayule had a quicker bresk-down on the mill than the Hevea
rubber. This manufacturer attempted to determine if the molecular-
weight distribution in guayule was responsible for its com aratively
hig}% heat buildup. A sample was fractionated and it was found that
the high-molecular-weight fraction was superior to the low-molecular-
weight fraction.

Since tests by Benedict et al. {30) and by Meeks et al. (756) had
shown that the molecular weights of rubber from various-parts of the
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TasLe 4.—Comparison of worm-deresinated and shrub-deresinated
guayule rubbers with Hevea No, T ribbed smoked sheet in tire body
stock (as reported by the Firestone Tire & Rudber Uo.)

30 min. cure 60 min, cure 80 min. cure
Cured at 260° F, Mod. at{ Ten- [Mod. atl Ten- |Mod. all Ten-
6G0%, sile 8009, sile 600%, sile
elong. elong. elong,
Normal lesis
».s8d. | psi p8i. | p.sd. | pad. | pad.
Worm-deresinated guayule___| 1,900 | 2,525 | 2,700 | 3,625 | 2, 700 3, 650
Shrub-deresinated guayule___| 2,275 | 3,375 | 2,625 1 3,825 | 2,650 | 3,725
FHeves #IRSS____________. 2675 | 4,275 | 8,275 | 4,475 | 3,350 | 4,175
Aged 7 days af 158° F.
Worm-deresinated guayale__ .| 2,775 | 3,975 | 3,375 | 3,878 | 3,700 3, 700
Shrub-deresinated gusyule ___.| 3, 700 | 4,075 | 3, 800 | 4, 200 | 3, 650 3,725
Hovea #IRSS . _____ 3,825 | 4,475 4,175} 4,175 |__.__ .| 8,825

guayule plant were different, a cooperative test was undertaken to
determine if rubber from different parts of the plant would have dif-
ferent freezing points for use where low temperatures caused failure
of other rubbers. No difference was found in any of the rubbers.

Deresinated guayule rubber was furnished to manufacturing com-
panies for the construction of pussenger and truck tires. In a test
of 9:00 x 20 heavy-duty truck tires, Hevea, Hevea/GR-S (55/45
blend), Guayule/GR-S (55/45 blend}, and guayule tires were com-
pared. Three tires of each class were tested by the Government Tire
Test Fleet at Camp Bullis, Sun Antonio, Tex. Tire loads were 145
percent of the recommended maximum to increase the severity of the
test. One Hewea tire and one guayule tire were still going at the
end of the test after 50,900 miles. The guayule tires were considered
fully equal to the Hevea tires in this test. The Hevea/GR-S and the
Guayule/GR-S mixtures were definitely inferior.

Tests of passenger tires were instituted but the results were not
considered satisfactory because of failures not related to the tests. In
general, GR-S treads on Heven carcasses were thought to be more re-
sistant to tread wear than other combinations. The test was dis-
continued at 23,201 miles when most of the tires were worn to the
fabrie.

A muanufacturer of electricians’ or linemen’s gloves reported that
guayule rubber was even better than Hesea rubber with respect to
electrical leakage at 10,000 and 16,000 volts. This report was only
of a single test but was considered of some importanee since Hevea
rubber is essential in the munufacture of such gloves.




136 TECHNICAL BULLETIN 1327, U.8. DEPT. OF AGRICULTURE

COST OF GUAYULE RUBBER PRODUCTION

Estimates of the cost of preducing rubber from guayule have been
based primarily on the experience of the Intercontinental Rubber
Co. and the Emergency Rubber Project, the only agencies that have
planted appreciable acreages of rubber in the Unired States. These
estimates have been compiled cavetully from the best available rec-
ords but lack the precision that could be gained only by normal op-
erational experience. Prevailing wage rates and atlier operational
costs vary from time to time and from place to place. The quantity
of shrub and rubber produced is Inrgely determimed by climate, soll
types, cultural practices, water requirements, and varieties used. Mill-
ing costs depend upon capacity and efliciency as well as upon rubber
content of the shrub. Any incresse or decrease in rubber from o ton
of shruls would tend to lower or increase the cost of rubber per pound.

These normal factors of cost estimates are made more dificult to
assess by the fact that, despite the large acreages planted, no standard
})roduction procedure has heen established, snd not even a single crop
1as been raised, harvested, and the rubber extracted on the normal
schedule visunlized in the cost estimates. The 8,000 ucres of shrub
planted by the Intercontinental Rubber Co. were used for rubber pro-
duetion but on an emergency schedule dictated by the need to abandon
the shrub on rented land because of the low vulue of the rubber. The
short history of the Emergency Rubber Project hindered any har-
vesting and extraction studies except of old shrub that had been
planted by the Intercontinental Rubber Co. and of voung shrub that
had not reached the age for most economic rubber production.

To serve as a basis for estimating costs of possible future operations
by private enterprise, Lee (/44)* presented data on netual production
costs from the records of the Intercontinental Rubber (Co. These
vepresent the average of all cultural, harvesting, and milling costs,
and thus represent an operational budget eather than a basic cost-
of-produoction record, which would have to include additional items
of eapital costs; interest on capita] investment, taxes, et cetera.

Table 5 gives the estimate prepared by Lee (/44)}* for the total
cattural costs per pound of erude rubber on 598 acres in the Avguello
field near Salinas, Calit.  The planting was made by the Interconti-
nental Rubber Co. in 1931 and havvested in 1942 by the Emergency
Rubber Project. Although the field costs represented the entire 598
acres, 550 acres only were harvested, the balunce containing no har-
vestable plants at the time of harvest. The Project did not keep
harvesting cost vecords of this field. The Arguello field was owned
by the company, and the rental cost is shown arbitrarily.

During four campaigns between 1931 and 1936, the Intercontinental
Rubber Co. harvested 2,612,400 pounds of crude rubber, at & total cost
of $61,507.04 or 2.358 cents per pound. The factory cost of crude rub-
ber during these campaigns was $140,142.83. or 5.3645 cents per pound.
This included general expenses, shrub hiandling, crushing and milling,
separating and refining, drying, boxing, and bagasse disposal. On
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TasLe 5 —Cultural and land vental costs from records of the Inter-
continental Bubber Company on 598 weves {Arguello field)?

{Jperations Total costs |Costs per
acre

Land preparatiotio. ... oo i e amrenaan $3, 934, B3 $0. o8
Plamting. . o oeo. . oo o, R, e 4, 905. 26 8 20
Cultbvalion . oo o e e ma 7, 258. 58 12. 14
Hloeing. oo e e imimea—aa- 3, 018. 47 5. 05
Pest control . L e meann 48. 00 .08
Cieaeral upkeepo. L ... M et i ameacemae——an 1, 481. 5% 2, 48
Cost of seedlings . .. oo o e e e aean 8, 121. 08 13. 58
LT oL 11 T 11 T P 1, !57. 66 1. 84
AULOS. L e cdemmacacamamm . mmameman 119. 73 . 20
Mliseolnneous eXPenses. L. ... Lo .l icicmecae—ana 2170 .04
Tolal cultural costs ... . e tieam_me_-.1 30,068 90 5{. 29
Rentat ot 598 aeres for M o yvearsat SI10.. o .. _.___._ G3, 780. 00 110. 00
Toial cultural and land-rental costs 3. .. ... 93, 846. 90 160. 28

1 Crude rubber produced, 880,286 lhs. {1,472.05 1bs. per acre),
? Cultural cost per pound, $3.42,
¥ Total cultural and land-rental costs per pound, $10.89.

the basis of cost per pound of rubber produced, these four production
campaigns can be summarized s follows:

Cornt
BEr poung
(cunta)

Cuiture 3. 400
Land rental 7. 440
Eurvest i — 2,358
Milling ——— 5. 365
Totul production costs. 18. 563

Assuming that salavies nnd labor costs had gone up 90 percent and
that other costs had risen 20 percent, Lee estimated that the cost of
producing rubber in 1946 would have heen 25.414 cents per pound.

These estimuted costs did not take into account the advancements
and unprovements made in the various phases of guayule nctivities
since the (fovernment took over the projectin 1942. Proposed changes
in factory operation would have re(‘uced the milling cost per pound of
crude rubber by 50 percent.  Tuable € gives an estimate of project costs,
other than milling, based on actual cost experience, except that the
actual cultural costs covered four yeurs only, the last three being esti-
mated costs. This estimate did not include any overhead costs. Ksti-
muies of cost per acre were originally calculated on the basis of a po-
tential vield of 1,500 pounds of guuyule vubber per acre, For com-
parison, costs per acre are ialso included for a yield of 1,400 pounds of
rubber per nere which approxinutes the yield actually obtained from
the Arguello planting.
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TasLe 6.—Eséimate of Emergency Rubber Project costs per pound of
rubber produced (estimated) at the time of the liguidation of the
project

Cast per
Operations lh. at

1,400 1.
per aere | per acre

Cents Cents
Rental at 8310 for 744 years . 95 5. :
Culvure oo oonooo. e e m e am . . 84 13,
. .10 2
Milling_____ ... s - . -30

Tolal cost per pound of erude rubber__ . 20, 19 7.

! These costs ure based partinlly on actua! eosts and partly on projected costs
for a continued 3% years of operation.

Lobenstein and Champagne (747)* prepared estimates of guayule
production costs from the time of grountF preparation threugh har-
vesting on irrigated and on dry land in California, and Lobenstein
and White (/48)* prepared production cost estimates for guayule
cultivation in Texuns. Lund rentsl costs were not included. These
estimates are summarized in table 7.

TasLe T—Fstimated cosis per acve for producing guwyde shrud in
California on irrigated land (4-year rotation) wnd nen-irriguted
land (&-year rotation), and in Tewas (5-year rotation)

Estimated direct costs per acre

Operations Californin
Texas,
dry land

Irrigated | Dry land

Ciround preparation 33, 32 ®i1.7 $3.
Planting stock .45 18. 8.
Planling_ . _ oo im e , 82 . 19.
Weed control:
Machine eultivation
Hand culiivation
0il spraying
Pest control
Irrigation
Harvesting

4 tons (shipping weight) shrub per acre.
.06 tons (shipping weight) shrub per acre.
5 tons (shipping weight} shrub per acre,
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The cost of producing nursery plants had been estimated at from
approximately $2.00 to $2.50 per thousand. The direct cost of produc-
ing seedlings in 1943 was about $2.50 per thousand {(186).

uring the seedling stockpiling program in 1951, an estimated total
of 89,840,800 guayule nursery plants were produced on 461.70 acres
under cultivation in Zavala County, Tex., at a production cost of
$100,594.36 (45)*. The nverage cost per acre was $217.88 or $1.12 per
1,000 plants.  Average number of plants per acre was 194,587. Man
adverse conditions contributed to costs higher than budgetary esti-
mutes for establishing seedlings. A breakdown of costs is given in
table 8. Land rental wus not included. _

Tysdal (241} presented cost data on the production of nursery stock,
t.mnsplﬂ.ntmﬁ, and establishing guayule for a period ot 3 years for
seed stockpiling purpeses. Table 9 indicates a total cost of $128.56
per acre at the end of the 3-year period. Nursery plants were pro-
duced at o cost of T5.6 cents per thousand. ILand rental was not
includled for established guayule.

SUMMARY

Guayule (Puarthenium argentatum Gray), a member of the Com-
positae, is a semidesert shrub native to the dry lands of notrth-central
Mexico and adjacent Big Bend areas in Texas. The genus Parthe-
qubteny, comprising 16 recognized specles, is native to the Western
Hemisphere, extending (with the exception of the Tropics) from
Wyoming and Minnesota to northern Argentina. The species range
from ejpﬂemerﬂ] annuals through perennials and woody shrubs to
ligneous treelike types. P. argentaium is the only species of the genus
known to produce significant amounts of rubber.

Tasre 8~—Cost of producing nursery stock in Zovale County, Tew.

Cost of producing nursery stock
Operations
Total cost | 89,840,800 On 461.70
plants acres
Per 1,000

planis Per acre
Leand preparation and seeding 'o o ... &16, 175. 02 $0. 18 $35. 03
Water service. oo e oo X .02 3. 65
Pre-irrigation.. ... L. L ..__. : .02 3.74
Trrigation_ ... _.__. A .22 43. 40
Cultivation. oo \ X .08 6. 39
Weed control ? . a6 110, 00
Insect nond disease control, o ... _._ 2, 151 68 .02 4. 66
BUPErVISION .o L i im e iimmmmaamamn 5, 071, 60 . 06 10, 98
TObtd - o 100, 594. 36 1,12 217. 88

! These costs were high because initial plans and plantings were based on a
larger program than that carried to completion.  This factor also affected, but to
& iesser degree, the next three items listed in the table.

2 This charge includes $4,606.69 expended for weed-spraying oils, and approxi-
mately 32,200 for coutract application of ocils.
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Tapte 9.—Cost of establishing guayule for 3 years under dryland
eultivation in the Salinas Valley

Taotal cost,
Cost per end of
Operations acre of first,
established| second,
shrub and third

Nursery stock:
Land rental
Land preparation
Planting
5 irrigniisns at 36
8 cultivations at $1.75
2 oil sprayings at 57
3 hand hoelngs st $25_ . __ .. __. ...

First vear of establishment:
Digging nursery plants
Shipping nursery plants
Trapsplanting
Land preparation, including fallowing
3 cultivations nt 32,
6 cultivations, spring tooth 2t 50 cents
2 hand weedings at 815

Second year of establishment;
4 cultivations &t 82, _ ...
1 hand weeding at 815

Third year of egtablishment:
4 gultivations at 8§28 il

! Cost of producing 10,000 nursery plants required for i nere of field planting,
One nursery acre, ordinarily producing 300,000 plants (in Californisa), is suffi-
cient for 30 aeres of Beld planting,

Cruayule requires good agricultural soils having nearly ideal mois-
ture relationships.  Ileavy, poorly drained soils, and those with clay-
puns and havdpans, are particularly undesirable since they permit
continuous growth without benefit of periods of moisture stress, neces-
sary for rubber storage.

Suitable aveas for tﬂmyule production ettend from the central val-
leys and coastal arens of Clalifornia, through southern Arizona, south-
western New Mexico, to the southw estern and southern parts of Texas.

{ruayule makes irs best growth af temperatures ‘uoun(ll 90° to 100° F.
The most critical aspect of tempecature is the minimum. It should
be grown.in ureas where minimum temperatures de not drop below
15° F., unless the winters are dry and the plants are normally in a
dormant condition for u considerable tength of time betore the minima
occur. When in a completely dormant state, guayule has withstood
temperntures of zero degrees F. without injury.
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Anpual eainfall should not be under 15 inches for dryland culture,
alehough o minimum of 11 inches is satisfactory in areas, such as the
roastal volleys of Calitfornia, with cool foggy summers. Areas hav-
ing move than 23 inches of rawn of year- lonfr distribution produce large
guayule with low rubber content,

Trrigation is one of the chief cultural factors influencing yisld of
vubber. (‘onditions favorable to maximum growth .1dvelse}y affect
the accumulaiion of rubber.  Plunts grown under high-moisture stress
yield higher percentages of rubber Dut jess shrub tﬁ‘m plants grown
under low-moisture stress. In general, shrub receiving light nzlga-
tions, while intermediate in shrtb )sel(l and in pelcentage - of rubber,
wive the highest yield of rubber peracre.

bee(lluw&, grown under high-moisture stress at Sulinas, Calif., could
be tl.mspiantml any time of the year with satisfactory results. Sur-
vival of seedlings grown under low-moisture stress was low.

In ;.}rep:'u‘at'iou for trunsplanting, nursery seeclings were topped in
place, undercut, polled, and packed in boxes or crates. The best
topping level is nttained when all but about 1 inch of the top is re-
moved, The resulting deloliation is essential for successful survival
of nuwsery stock, since the leaves of guayule contain an auxin
(S-indeleacetic acid) which retards growth when these are left on the
plunt. \'um‘z) plants tend to root better when they are topped
approxinmtely 3 days before digging.  Losses of packed nursery stock
caused by diseuse may be minimized. by using well-hardened and relu-
tively leatless stock, which survives best in transplanting. Topped
nursery stock in n properly hardened condition may 1ecover TOM
considerable desiceation,

Lxperimental work was done on stand densifies for maximum yield
of vubber. It shrub is to be left unharvested for more than 4 years,
wide spreings such as 36 x 24 inches between plants yleld the maxi-
mum tonnage of shrub.  For short-term production, narrow spacings
vield the most shrab.  Yields of rubber up to & rate of 1,708 pounds
per were were obtained alier 33 months from seeding from 14-inch,
unthinned plentings.

Attention was given to direet seeding as a means of eliminating the
cost of growing and transplanting nursery seedlings. Direct seeding
i the field for tubber production was less successful than for the pro-
duction of elosely spaced nursery seedlings. Guayule seed cannot be
covered more than 1 inch, and constant moisture must be maintained
by trequent irrigations until the slowly growing seedlings become
estublished.  Meeding on dry land is not feasible unless rainfall is
adequute for seed germination and plant establishment. Direct seed-
ing in wastelands was not successtul.

Selective ol sprays were effective in controlling weeds in the nur-
series, but were less effective in controliing weeds in plantations.
Special cultivators were designed to remove weeds not killed by oil
within the row. Some weeds were resistant to selective oils at all
stuges of growth.

In harvesting cultivated guayule, the Emergency Rubber Project
discarded the former practice of chopping the shrub in the fisld for
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delivery to the mill and adopted a method of digging the shrub and
baling it to facilitate shipping.

Research was focused on the possibility of harvesting only the upper
portion of the plunts by mowing, leaving the crown to generate new
growth in order to eliminate the cost of reestablishing plantings.
Under certain condilions, this method of harvesting is feasible.

Highly effective means of cleaning and threshing guayule seed were
devised. Threshed seed has several advantages over unthreshed seed,
Viability miny be retained for more than 15 years by bringing the seed
to 4-percent moisture or lower, and storing it in sealed metal drums.

Rubber in guayule exists as a colloidal suspension in individual cells
instead of in organized latex tubes, as found in some other rubber-
producing plants. In general, the major portion of the rubber is
found in the vasculur rays of phloem and xylem. Lesser nmounts
are formed in the pith, xylem parenchymu, and epithelial cells of
resin canals. Very smulf amounts are present in the Jeaf parenchyma
and in the peduncles,

Several factors affect the formation of rubber in guayule. Among
these are clifferences In response of individual strains to different
environmental conditions. Concentration of rubber is lowest during
periods of mﬂ)id rrowth induced by low-moisture stress, and highest
cdluring periods of high-moisture stress. Under experimental condi-
tions, light, temperature, and nutrient levels were shown to affect the
formation of rubber. A series of experiments involving guayule in
interspecific and intergeneric reciprocal grafts with non-rubber species
demonstrated that rubber wecumulation is a property of the rubber-
bearing tissues, and not of substances supplied to these tissues, as it
was formerly thought, and that the immediate precursors of rubber
are formed only in these tissues. No positive evidence has been found
that rubber serves any specific physiological function in guayule.

Resins are found principally in the bark, and are distributed rather
uniformiy there, There arve seasonal variations in resin Eercenmges
that are not affected greatly, or in any consistent manner, by moisture
stress.

The main reserve carbohydrates in guayule are the levulins. These
increase during periods of high-moisture stress and decrease during
pertods ot low-moisture stress. This may explain the greater sur-
vival rate of transplanted nursery seedlings grown under high-mois-
ture stress. The monosaccharides were regarded as the chief
carbohydrates of translocation.

(tuayule is o low user of nitrogen, phosphoric acid, and potash.
Commercial fertilizer had little or no effect on either shrub or rubber
yields.

Various concentrations of salts in soils had a marked eftect on shrub
survival and yield of rubber. Guayuls is not regarded asa salt-tolsrant
plant.

Methods were worked out by which guayule stem cuttings could be
easily rooted on a fairly large scale. However, vegetative propagation
from cuttings was considered impractieal for commercial plantings.

Several diseases have been found in cultivated guayule. These are
not important factors in the production of nursery or field-grown
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guayule on most well-drained soils. Excessive amounts of water on
poorly drained soil may cause serious disense losses. Selerotinia and
Botrytis were the most common fungi growing on crated seedlings in
storage. Losses caused by these fungi were usually attributed to high
storage temperatures and high humidity.

Insecis of most economic importance were grasshoppers and Lygus
bugs. Grasshoppers were controlled by using poison bait. Lygus bugs
were controlled by applications of DT dust, LZygus bugs may at
limes seriously reduce the weight and viability of seed.

Guayule is an unfavoruble host to rootknot nematodes, and these
are not of economic importance in guayule production.

There is strong evidence that guayule origmated in eastern Durango
in Mexico, since diploid sexual forms are found only in this area,
wherens facultatively apomictic polyploids predominate elsewhere in
the range.

Seed collections were made in Mexico and Texas in 1942 to supple-
ment the available breeding stock, which did not contain all the
genotypes requived in » breeding program. Additiona] seed collections
were made in Mexico in 1948.

The highest rubber-yielding introductions weve obtained in Mexico,
in that region where the States of Durango, Coahuila, and Zocatecus
adjoin.

Seed increaxses of all high rubber-yielding selections were made.
The seed was brought to o moisture content of 4 percent and sealed
in metal deums.

Analytical procedures were standardized to guide the research staff
in laboratory and field studies. In addition te detailed research
agsigned to the vesenrch ngencies of the Iepartment. of Agriculture,
the Kmergency Rubber Project initiated production research as an
immediate guide in the operations of the project. Soil surveys to
determine suitable lands for guayule culture proved highly valuable.
Projects were set up to guide field work, and to provide accurate
gstimates of the amount of shrub being grown and its probable rubber
content.

A nmmajor contribulion of production research was guidance i the
processing of shrub. This led to improvements in methods of harvest-
ing and haadling the shrub before milling, Thume of “curing™ in the
field was reduced ; shredding of the shrub in the field was eliminated ;
1 method of defolintion of the shrub was developed ; and improvements
were made in milling procedures.

After Hquidation of the wartime Ifmergency Rubber Project,
dotailed stucies were made of the methods of extracting the rubber,
and of the type and value of the byproducts that m.ight%e produced,
in¢luding resins, water solubles, bagnsse, leaves, and cork.

A high quality of rubber wus obtained from fresh shrub by extract-
ing it n the Torm of lutex rather than as selid rubber. When the
project was discontinued, many problems of purification and con-
centration had been solved und the production of guayule latex
appeared promising. ]

The deresinated guayule rubber protected by antioxidants proved
equel to regular grades of FHevea rubber in many tests.

i
i
i
i
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