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., ~ INTRODUCTION 

r e Wlfe,.~ the Emergency Rubber Project was started early in 

C\;i.942!erY' little was. known about the factor.s affec.ting- germ.in.a..

:::Jion guay-ule seed. Lloyd (7) sand Kirkwood (6) had pub
cUshe some "findings which they had made in Mexico and which 

<=i'eco~ized the difficult:y of ~etting the se~d to. germinate. Pissal'ev 

(11~ad shown tbat lIght favored germmat.Ion and that the seed 

shOUld be planted when soil temperatures were between 23° and 

25° C. McCallum (9) had stated that the delayed germination of 

guayule seed had been worked out and a treatment developed 

which would oterCOlne this dormancy. This treatment, described 


,1 Submitted for publication January 22, 1946. 

• Z The authors e.,'Cpress their thanks to Mr. Carl A. Taylor;' chief seedsman, 

Emergency Rubber Project, U. S. Forest Service, fo:: valuable assistance in 

furnishing and cleaning various sced accessions and for access to his many 

reports on the behavior of guayule seed. They t\llio acknowledge tl1e valuable 
assistance of Mrs. Zelda Mae Koger, who made the statistical analyses, and 
of l\lrs. Thelma .Milstead, Miss Margaret Klipstein, and Mr, Andrew W. 
Krofchek for their help with. the germination tests. 

:I Italic numbers in pal'entheses refer to Literature Cited, p. 47 . 
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in l.\~ited States Patent No.. 1,735,835 (8), was available to. the 
pro.ject and with certain mo.dificatio.ns has beco.me the so.-called • 
atandard treatment, which so. far has been given to. all the seed 
planted in the productio.n nurseries. It co.nsists in washing the 
seed in water fo.r 18 ho.urs, then soaking fo.r 2 ho.urs ~na so.lutio.n 
o.f so.dium o.r calcium hypo.chlo.rite 4 co.ntaining 1.5 percent avail:. 

able chlo.rine at the rate o.f 4 mL per 100 seeds (21,.4 gallo.ns per

po.und) ; rinsing o.ff the hypochlo.rite, and then drying it fo.r sto.rage 

0.1' so.wing while stin mo.ist if so. desired. Whenever seed is spo.ken 

o.f as having received the standard treatment, it means it was 

given the treatment just. described. This treatment,tho.ugh ex

pensive, insures the germinatio.n o.f o.ver 90 percent of the filled 

seed. In o.rder to. devise a cheaper treatment, experiments were 

designed to. find o.ut ho.w the hypo.chlo.rite breaks do.rmancy and 

ho.w such facto.rs as temperature, sto.rage co.nditio.ns, age o.f the 

seed, and co.nditio.ns under which the seed was pro.duced affect 

germination. This bulletin presents the results o.f these experi

ments. 


METHODS AND MATERIAIJS 

CLEANING SEED 

CHARACTERISTICS OF SEED AT HARVEST 

When guayule seed is harvested, two. structures are usually 

gathered in additio.n to. the usual debris o.f leaves, twigs, and o.ther 
 • 
plant parts. One o.f these co.nsists of the achene suppo.rting the 

shriveled co.ro.lla and three short awns to. which are attached two. 

sterile disk flo.wers and an involucral bract. This structure, which 

is generally regarded as the guayule seed, will be referred to. 

later as the complete fruit, achene plus flo.rets, or seed. The sec

o.nd structure o.btained consists o.f the 'flower centers, the remain

der of the disk flo.wers adhering to. each o.ther in a co.nical mass 

(1 .. 7, p. J,.6). The flower centers can be removed by running the 

collection over a Slo.tted screen.~ Slots 1/2 by ~2 inch have been 

found satisfacto.ry fo.r most. collections, but their size could be 

varied with the size of the seed and flower centers. Most o.f the 

remaining chaff can be removed by screening and fanning. Col

lectio.ns have been cleaned in this manner to. a purity of 90 percent 

witho.ut discarding any light seed. 


A very lo.w percentage of guayule 'seed is filled, 0.1' co.ntains 
t 	 mature embryos. For example, in bulk co.llectio.ns made in 

California.. in 1943 an average o.f abo.ut 20 percent o.f the seed 
was filled ;in so.me as few as 5 percent and in o.ne almo.st 60 
percent was tilled. There are several reaso.ns fo.r the lo.w percent
age o.f tilled seed. First, because of impo.tent po.llen and o.ther 
factors, ern:bryo develo.pment seems to. be stimulated in o.nly abo.ut 
50 percent o.f the o.vules (13). So.me o.f the o.ther facto.rs which 

'4 Calcium hypochlorite was originally used, but the sodium compound was 
found to be equally effective and is now used entirely. 


~ The use of the slotted screen for this purpose was first suggested by Dr. 

H. P. Traub, formerly principal physiologist, Special Guayule Research 

Project. 


http:facto.rs
http:reaso.ns
http:co.llectio.ns
http:witho.ut
http:lectio.ns
http:satisfacto.ry
http:co.nditio.ns
http:co.nditio.ns
http:facto.rs
http:gallo.ns
http:mo.dificatio.ns
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influence the percentage of filling are nutrient supply and tera

perature (16) and the presence of seed-feening insects (14) . 


Thus, the only sllre way to det~rmine the potential germinabilitY 

of a sample of guayule seed is to cut open a given number of 
achenes and count the embryos present. Because the. seed is quite 
variable, at least 4 samples of 100 seeds each should l~e cut to 
give an estimate of the percentage fined. 
Makin~ numerous cuttings afforded an opportunity to observe 

_the structures in filled and empty seed. A good or filled seed 
contains an I::mbryo that almost completely fiUs the ovarian cavity, 
alid only .very small remnants of the inne.~ layer of the pericarp 
or endocarp (1) remain. In a~ empty seed just the shriveled 
ovule can be found and the endocarp almost completely fills the 
space occupied by the embryo in filled seed. What becomes of the 
endocarp tissue as the embryo develops is not known; it may be 
mashed against the hard mesocarp or resorbed, or its develop
ment may be curtailed when embryo growth is stimulated. The 
endocarp is white, granular, and starchy in appearance, whereas 
the embryo is colorless, or hyaline. These differences make it 
easy to distinguish the two when cutting tests are made. 

SEPARATING FILLED AND EMPTY SEED 

• 
It is necessary to remove as many of the empty seed as possible: 

from bulk collections in order to obtain samples with sufficiently 
high percentages of filled seed for germination tests and to .save 
storage space. Fairly satisfactory methods have been worked,out 
by Taylor (l for separating the empty from the filled seed (achenes 
plus florets) without throwing' away too large a proportion of 
the latter. Several methods have been tried for removing the 
empty seed from small quantities to be used for studies of germi
nation. These have all been based on the greater density of 
the filled seed. 

• 

The first of these methods consisted in placing the aahenes 
plus florets in liquids of various specific gravities with the idea 
that the filled would sink and the empty would float. Whitehead 
and l\fitchell (16) reported satisfactory results with SkeUysolve F. 
In the hope of obtaining a still better separation, other liquids 
were tried. These included different concentrations of ethanol 
and methanol in water, ethyl ether, petroleum' ether, chloroform, 
n-pentane, and isopentane. 'Fhe results show2d the lower the 
specific gravity of the liqtuid the better the separation. Thus, the 
pentanes, whose specific gravities are among the lowest of mate
rials that are liquid at room temperatures (3), and Skellyso1ve F, 
which is composed largely of pentanes, gave the most satisfactory 
results. Table 1 shows the separation of two lots of sced from 
different sources and with different original percentages of fined 
seed obtained ,\rith n-pentane, isopentane, and Skellysolve F. In 
one lot practically aU of the filled seed sank and the empty floated, 
but in the other lot a fair proportion of good seed did not sink. 

U TAYLOR, C. A. SEPARATING GUAYUtE SEED BY GRAVITY TABLE. Chief .Seeds
mnn, Emergency Rubber Proj., U. S. Forest Servo Rpt. 1943. [Unpublished.] 
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OER"n~.h;:rrON OF QUAYULE SEED 

TABLE 1.-Sepa1latilm of .empty und, filled fJltay'ule seed by /lactation in various 
"'pentane';' 

Seed coU~ctlon 1 Seed collectioN2 


Flotation liquid 
 Proportion 
~ 

Proportionand ,,'\!d type Seed S...J
Weight 01 original .~Vel&ht oC,urlglnalHUed nUedI
weicht , weight 

-~ 
Grani~ Percellt Percent' Gram. Percent Parr-!ilt 

~ tOrl~lnlll SIIDlpl1 ..... ~ .. 0- • " 2.00 ... " "".... ~ ..... " " 45.0 2,00 • • " .... " • ·r " 9.5" N·pcntllno: .13' .'lf~nv)' sl'Cd 1 •• , ••• 36.5 50.0 .61 80.5 30.5 
,Light seed 2 ... ,. ... 1.21 ~3.5 25.5 1.39 69.5 2.0 

H"pentnnc; 
Hen\'y sel'tl '1 ~ ~" " • t .73 36.5 82.5 .60 - 30.0 30.6 
Light sCClI2 ...... , 1.27 63.5 23.6 1.40 10.0 1.6 

$kdlysolvc F: 
IIenvy seed 1 ...... .RS 3~.0 81;0 .56 28.0 31.0 
Light seed 2 ...... 1.32 06.0 23.4 1.44 72.0 2.2 

1 Seed that sank. 2 Seed that floated. 

In both lots mnny' empty seed sank. It was found that soaking 
in pentanes for as long as 10 minutes had no effect on germination. 

Attempts have been made to obtain seed samples with. high 
percentages of filled seed with fanning mills of various sorts. By 
using a model B Clipper fanning mill, lots averaging 40 to 50 
percent of seed filled could be obtained from samples originally 
with only 20 percent filled. Regardless of the percentage of filled 
seed obtained, much was discarded with" the light seed. ~t is 
rather difficult to control accurately the air blast of a fanning mil,l 
of this type and to vary it. With this point in mind a blower was 
constructeQ. from plans furnished by C. W. Legatt.1 The air blast 
thrQugh the seed could be accurately controlled by varying the 
size of the air intake. By widening the opening, different grades 
of seed could be blown out. The larger the air opening the greater 
the weight of the seed and the higher the percentage of seed that 
was filled (table 2). As was true of the pentane separation, there 
was a large difference in the percentages of the heavy seed of 
the rivo collections that were filled i how~ver, this blower was 

TABLE 2.-Ghul·uctel-1stics of different fractions of guayule seed obtained by 
controlled fanning 0}'2 lots of seed 

I 
Lot A Lot B 

Width or llir Propor· I'ropor·Propor· Weight Propor·Inlet Telinl Seed lion 01 Total Seed Weight tlon ofUon per tlODnUed total seed nUed per see& totalse~ nUed seed ruledftUClI ruled 

.Vumb.... Number Perc.,.t jIg. Perccllt Numb .... Xu",ber Perc,."t JIg. Percent 
~,.inch .",4 ..... ~ 430 11 3 1,19 0.5 .... .,.v. . ......... ............ ........ .......... 
,.~ Inch •••••• , 1.850 190 10 1.34 1.9 2.30~ 

~ 

48 3 
~ 

1.20 5.9 
> ...... OO'~Itr Inch • ., • ., 1,331 236 18 1.42 9.11 .... ..... " ... .... .......... ......... ... "' ..... 


1%2 Inch ..... 1,105 3St S5 1.64 I 1(1.0 'Ii ....... ~ .... ........ ~ .. ........... 
~·Inch ....... 151 340 45 1.11 14.2 'i',m' '''ii5' 1 1.~1 14.l 
~. Inch .. T" ~ .. H t< '500 278 56 1.84 11.0 1,180 196 11 1.03 24.0 
fa Inch........~ ... ., ~ ..... -t t, ~ , .... ~ , .. ..... , .... ~ .. " .... ~ ~ 80S 2;;0 29 l.i!i 31.3Jt. 

Remainder,., 1.240 958 71 1.99 40.0 352 202 fir ~ 24.7--··--i-Total or ! 
mean .. '/'1.201 2,304 I 33 I.5S 100.0 . 0,'1S0 I 811 12 I 1..19 lOtl.il 

! 

• 

• 

• 

~. 

T Communication to Dr. H. P. Traub. 
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m)uch more satisfactory than pentane or an ordinar, ;fanning min 
iII' removing empty seed. . 

Whenever a lot of seed was received.ior experimental purposes, 
with one or two exceptions itwas run thrbugh the blower so that 
a fraction was obtained with at leest 30 percent of the seed filled. 
It was desired to obtain one with 50 percent filled but often this 
was extremely difficult to do without throwing away practicaUy 
all the filled oneS. 

It might be argued that the response of the heaviest portions 
of the seed to any treatment would not be representativ'3 of the 
whole. To obtain an indication on this point seed from some of 
the fractions of lot A. (table 2) were germinated with and without 
receiving the standard treatment (table 3). When the seed, was 
not treated, approximately the same prol,lortion of the filled seed 
in all the fractions germinated. When it was treated, the germi
nation of the filled seed in the heaviest and lightest fractions was 
increased by about the same percentage, and over 90 percent' 
of the filled seed in all the fractions germinated. The$e results 
indicated that results obtained on the heaviel' seed would be 
applicable to all the seed in the original sample. 

TABLE 3.-Gcl'mblation of standat'd~treated and untreated uuayltle seed fro/lt 
fractio1t8 of seed 'lot A of table fa ' 

• G~fmlnaUQn 
WIdth of air tnlet S~ed nUed 

Treated UDtr~tcd 

PcrCCllt Percent PcrcCllt Perc(J!tt 
~ ll\c;h .. ......................... 10.3 10.0 7.0 Hn 

l!>fl:: 10ch "..... ............. ..... 114,;; 34.0 24.3 140 

I!iI mell ... .... "......... ....... 45,S 45.3 37.0 H2
H 

~ Ineh ......................... , .. ,~~.6 54.l! ·I~.O 129 
1----7-~-8--'---~-,6-.s--4----54-.S---r---1-40---1l~ar3tndf!r •• " 't ..... ~ • ~ .. ~ ...... ~ •• 

SEP.,\nA.TlON OF F.LLED AClIEt'/ES FROM COMPLETE :mUITS 

With various macerating machinery it was possible to break 
off the sterile florets and bracts and leave the achenes. Because 
of the ease of handling the achenes alone in seeding machinery 
and the reduction of storage space required, this practice has 

,_pecome more and more common but it is still not generally f01
'lowed. However, the use of the achenesalone makes it necessary
to consider them. 

• 

When it..was desired to work with the simple achen6s, lots with 
very high l)ercentages of filled seed could be obtained. For small 
lots the complete fruits were placed in an ordinary seed flat lined 
with corrugated 1,'Ilbber matting; then they were rubbed by hand 
with a block of wood surrounded by the rubber matting. When 
an the fruits were broken up, this material was run through a 
Clipper f~nning mill and the chaff and empty achenes were 
fanned out. Taylor a also described a method for Qbtaining 

• 
11 TAYLOR, C. A, A RAPID l\lETHOD OF DETERMIN1NG TIlE FILLED PERCENTAGE 

OF Gt1AYU~ 1?EEDS WITIf ATTACHED FLORAL PART&. Chief Seedsman, Emer~ 
gency Rupber Proj.~ U. S. Forest Se:nr. Rpt. 1943. [Unpublished.] . v 
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filled achenes from v~t:y small lots of seed. The final step in his 
method involves placing of the achenes in acetone to separate. 
the empty from the filled. It was found that soaking the seed in 
acetone for 10 minutes. had no injurious effect on the germination. 
Both methods gave as good separation of p-mpty alld filled achenes 
as could be expeeted (table 4). 

TABLE 4.-FJlXtraction and separation of filled achenes b'om complete gltciyulo 
fruits by 2 different methods 

lIealY aehenes LIght achenes 

lIIethod and seed. lot Fruits 


Total Filled Total Filled 


/;lubber mattlnK and fannIng 
mill: Number NUI/Iber Number Percent Nu,tlbcr NUII.I.e.- Percent 

I>Lot A .... ~ ., , ~ ;. .. f .. , ...... 2.000 655 638 96.6 176 2 1.1 
Lot 11 ..... •• ,. .••• "' ....... 2.000 578 550 94.5 200 5 2.4 


ra~'lor methud! ~ ........... 

.. l.'. ~." 

, 
Lot C .. "'.l' 500 108 lOT 99.1 106 3 2.8 
t.ot 1) ...... 'O ....... oO ..... • 500 800 2T9 93,0 87 2 2.3 


1 Se~ (oulnote S. p. G. 

I;ots of achenes extracted in 1,000-pound quantities also were 
obtained by Taylor 9. with a purity of 94 percent and averaging 
more than 98 percent of the seed filled. The purity and germina
tion of these lots of sced compared favorably with those required 
of seed of other commercial crops. •OBTAINING SAMPLES 

After a bulk lot of seed had been recleaned for germination 
studies it was well stirred and then set aside, and samples were 
taken as needed. Approximately the quantity of seed necessary 
for a particular experiment was taken from the large lot. .This 
sample was then placed on a large sheet of paper and rolled back 
and forth several times to mix the seed. From this mixed sample, 
the necessary individual lots of 100 seeds each were counted. 

The steps in obtaining seed to be used in germination tests may 
be summarized as follows: 

(1) Pass sample over slotted screen to sieve out flower centers, large bits of 

stems, and other debris. 


(2) Pass remaining seed over a fanning mill to screen and fan out the chaff. 
(3) Eliminate as large a proportion of empty seeds as possible by separation 


in pentane or by blowing in a carefully controlled air blast. 

(4) l\Iix; remaining seed by stirring and set aside until needed. 
(5) Withdraw at random approximately enough seed for the telSts. 
(6) Roll this seed. on a lange sheet of paper until thoroughly mixed. 
(7) Count out as many lots of 100 seeds each as are needed. 

CONDUCTIN(,~ GERMINATION TESTS 

For each treatment 4 lots of 100 seeds each were generally used 

as recommended in Rules and. Regulations under the Federal 

Seed Act (15). At first it was thought that since only half of the • 

seed had. embryos that would germinate, 800 seeds should be used 


9 TAYL()R, C. A. TIUAL TIIRESHll'1G OF 1.000 POUNDS OFUNTHRESHED SEED. 

Chief Seedsman, Emergency Rubber Proj., U. S. Forest Servo Rpt. 1944. 

[Unpublished.] 
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in order to include roughly 400 filled ones. in each test. Studies 
were made on the difference required for significance when 4 and 
8 replications of 100 seeds each were used, and it was found 
that increasing the number of replications decreased the differ
ence requi1:ed for significance between means from between 7 
and 8 percent to about 5 percent. This increase in accuracy did 
not warrant the increased work, as significant differences could 
be demonstrated without it. 

In carrying out the germination tests each replication was 
handled separately throughout, beginning with any pretreatment 
that was to be appliod. Thus, variation between replications 
included any errors involved in the technique of treating the seed 
and was not due just to sampling. After each replication was 
placed between moist germination blotters (4- by 4-inch), care 
was t~ken that the seeds were evenly spaced and not in contact 
with each other, The blotters were then placed on trays in 
germinato);s. The individual replications of the various tl'eat
ments Wel!e randomized on the trays to avoid any possible effect 
of position, The use of blotting paper was decided upon after 
the seed had been germinated 0-11 different substrata (table 5). 
The complete fruits did not germinate as well on top of blottp.rs 
as between them, but the various media tried had no effect on 
the germination of the achenes alone. Because blotters were much 
easier to handle than the other substrata, the between-blotter 
method was adopted, 

TABLE 5.~Ge}'minati01t of gtta1lule seed on and between various subst"ata 

".henes or Indicated .Achenes pIns
Subsltatnm nnd seed posltlun fiorets (lot 2)hIt germinating 1 

germinating 2 

---'.~ "-,---------1-----1-----/----- 
Pt'r('f,,.t Jlcrrtmt Percent, 

lIe\If\'ell mOI$L blotters ... , .................... . 48 52 22 
On I~ll or mutsl blutlers: 

Ul\Lshte .. " .... " ..... '" ........ t ...... \ .. ,. ... ~ .. ~ ••• ~ .......... . 44 55 15 

In I'ctrl ."llsbes: ... 1>.,.. ~ ~ .... ~ 'l • '" oj ............ ~ .. ,... •• oj 48 


On top or moIst nun pAl,er In Petri dl$hcs........ .. 45 

lIe~;rcell moist (l"per tOlfch .............. , .... ,. 48 

On lop ur mobt p"llI!r tOWels ,. ................. . 46 ::::: ::::: ": ::(: ::::::::::::::: 


1 No $i~nlfie'\nt dilTcr~n~t) 1ICtW,!(!1I substratn nnd s"edpositions. 
~ DilTer"ncc ,c<tuircd tor :!lhtnlllcllnee nt I)-percent 1"\',,1. 7 percent. 

The seed was germinated at alternating temperatures of 20° C. 
for 17 hours and 30° for 7 hou,rs daily. In most instances, this 
alternation was obtained by switching the trays between two 
Minnesota germinators, ont!of""hich was kept at 30° and the other 
at 20° continuously .. On rare occasions Keene and Mallgelsdorf 
germinators were used. With those the alternating temperature: 
was obtained b~" changing the setting on the thermostats. Al
though the change from one temperature to the other was not 
as rapid as when the tN,\Ys were switched, this difference seemed 
to have no effect on the germination of ' the seed (table 6). 

The germinated seed was removed and counted every 3 days 
for 21 days, which was usually as long as the tests were continued. 
When it WaS desired to determine how many filled seed had not 

http:blottp.rs
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germinated, the seed left on the blotters was dissected and the 
embryos we,re counted. Thase embryoS added to the seed that 
r~er.minated gave the number of filled ones originally present. •
TABLE6.-Germinatiort of guayule seed at alternating temperatures produced 

by switching tra'ys 01' chang'ing setting on the thermostat 

Seed germinating when temperature
alternation 11'8$ obtained by 1-

Lot and h calmen! 
Siltchlng trays Changing s!ttln~between on thermostatgermInators 

-~,---

l.at 1 (uchenes vlus nurel.qj; Perc,,!,1 Perc",,!
Sel..,l standard"treated '.,,, .. ~ ........... ~ .... t .... ;. l ....... ~ .. t: ...... .. 46 43I J 

St!ed not trentt..'tl • t to-" ~ ..... 0- ..... jo ~ " .... , ~ , .. ~ .......... 0- ~ .... ,. .. .., 33 33
0- ... 

l.ot 2 (achenes): 
St!cd stnlulard .. trcalt:tt " ....... " ....... ~ ............. ;. ........... ,t ... t ...... , 91 ,01 
Sce~1 not tre:ltct.l ... "' .......... O' ................. 1o ...... t ............... , .. AI .. ~ 91 95 

Lol 3 (Hehenes pins norel.q) 1 ' 
S~ed Sf,ftIIlJnrd .. trl'ntcd .. " ........ ~ .... ~ .... ., .. , ... _* " ................. ~ 42 40 

Seed nol trented • 1> ••• 1> ........... I 1> ............ \ ............ <Ii .... " ••• I> 25 25 


1 No shrniflcnnt dltTbrcnce between method!! of alternating temperatures. 

ANALYZING DATA 

At the end of the tests the number of seed germinated in each 
of the four replications was recorded, and the average for each 
treatment was then determined. An analysis of variance was 
made on the results of each experiment, and if the odds against • 
the differences between treatments occurring by chance were 
greater than 19 to 1, the differences were considered as significant. 
If differences due to treatments were found to be significant, the 
differences required between means to give odds greater than 
19 to 1 against these differences occurring by chance are given in 
the tables. Hayes and Immer (5, pp. 875-879) discussed the use 
of analysis of variance with percentage data; in accordance with 
their suggestion, the percentages were transformed by the angular
transtormation of Bliss (p = sin2 0) and the analyses were carried 
out on these transformed values. At first all the data were tra.ns
formed, but it was found as suggested that when the values fell 
between 25 and 75 percent transformation was not necessary.

In some instances chi square (X2) tests carried out according 
to the method of Powers (12) were substituted. . 

The results of treatments were generally so obvious that it was 
not necessary to run an analysis of variance on the data to be 
sure that real differences existed. In fact, if inspection of the 
results raised any doubts as to their significance, the experiment 
was repeated regardless of statistical analysis. From all the 
experiments it was leamed that a difference of 8 percent between 
treatments can practically always be taken as an indication that 
the germinations differed significantly. \ 

DESr.~IPTION OF SEED LOTS • 

In the various experiments several different' collections were 
used. To avoid the necessity of giving the history of each seed 
lot whenever it is referred to, the collections were given accession . 

http:nurel.qj
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nurnbera. The characteristics of seed of the various accessions 
are,shown in ta1.)le 7. 'l'he percentages of seed filled represent 
the values after s.eed had been cleaned and. some empty ones had 
been removed. From these pel'centages it is possible to determine 
approximately the maximum: germination of any accession. Al
though most of the accessions are of strain 503, the one generally 
planted, enough tests were carried out on other strains to be 
fairly certain that the conclusions apply to guayule seed in 
general and not to strain 593 alone. . 

'rABLe 7.-Descl'iption of Ulw'ltule sccd lots 11.'lIJd 'i7t the 1Ja.l·ioliS eXpel'illttJ1l.t8 

------,...----r--  '.-"-'T---.,......--~---

Acc~s8lon I 81rll/ll Year j'lnca coll~(·lt'l S~c<l Ilclllurkg
t:Ollect~.l tlllcd 

" ---.--.._,-- -~.--...--- ~,-..-~-----. I I'rrccnt 
1 ~On 1940 &11In:ls. (~:lllr. ..... ....... 3:1.:1 
tA ! 400 1040 ....do................. , 95.5. <lelwlles troll! nc~css/(ln I. 
2 1 503 HH2 .. tlO", .... ... q... 2S.rih U' HiH

211 1l!l3 19,12 ....do. ....... .......... 4ft.l !lcrnnned n~ccsslQn 2.
I 
2A :103 1942 •••• <10, ••••••••••••••••• 03.,1 ,\ellcn~s rrom nc~c8slolJ 2. 
:I 130 10·12 .... dQ. ................. 41.5 
.-l -100 104:1 ....do. ................. 44.0 
5 '5U3 .1942 ....do. ................. :;'il.t 
o ·100 1042 'ndlo. (:n1:r. ..... • .. • ... • • 43.S 

1 G93 1942 ~itl\ll"~. Cllllr. ............ 41.4 

8 593 1942 .~".d(). ................. ,... 22.1 

9 IHIS ItH!l ••••uo. ................. 46.1 

lQ GIl3 19,12 Indio, Callr. .............. 41.0 
11 593 11142 Sallnns. CIII\(. ............ 95.6 Mhcl1cs rrom ncccsMon 7. 
12 11Q3 1943 In~lo, Cam. ••••••••• •••• 12.1 
13 400 1043 ....do. ................. 10.3 
14 1193 1lJ43 Sull/ln~. {'nUf. •••••••••••• HA 
14.\ ~Il:l ,1\1·13 •••• 1111. ................. 93.4 Achl'IlI'S from nccl'ilslon 14. 
15 593 1043 .. ",ltl. • ..... ........... 61.2 
IS 50:1 HI·I:I .....111. ................. SO.O .\chcllcs rro," IIctt'SslolJ 15. 
11 ~1J:t 1043 ....d,\. "............... 63.0 AdICIlI!S. 
18 all:! 11142 ••• ,(10. ................ IHI.O 
19 503 11143 I'tit\·Y·Ncwmtul,lIstrld (rum.) 96.3 1)0. 
20 -107 1043 S.1I1nn~, Cnllr. •••••••••••• 41.7 
21 (i~3 1943 .... ,10...................... , ...... ~:nI!Jrl'os rt0nl acres.loll. 14 
22 G03 10·13 '~t\ttt·r$on.C,lIl1r'''~.~J ••• ''~ 32.G 
!!!M .~lJ3 1043 ....do..... ,............ 1)5.2 ,\chcn~s. 
23 ,106 1043 .... lin. .... ............. 40.6 
24 :iOa lDH !i1ll1ntt~. l~al!r. ............ 40.9 
25. 40~ 10H .... dro................. , -17.0 

26 ll!l~ lUH .... ,10. ................. 40.3 

27 -593 1044 ~~ •. d(J'''''.''''"'''~ •• ''.''t'''I' 2fJ.3 


As a matter of convenience in the remainder of the bulletin, 
the accession and the strain numbers are presented as. a hyphen
ated com1.)infltion. Thus, 1-406 means that accession 1 of strain 
406 was. u.sed. 

EFFECTS O.F VARIOnS FACTORS ON GERMINATION 
FUMIGANTS 

As a precaution against the introduction of variQUS irtsec~s,' 
plaT\tmaterials brought into ce~·tain districts aloe fumigated. In 
order to determine the effects of fumigation, standard-treated and 
untreated seed of guayule was germinated 14 days after receiving
the follow\ng fumigation treatments: 10 

111 These fumigation tJ:eatments were curded out by the Burcau of Ento
mology and. Plant Quarantine, Agl'icuHural Research Administl'ation, U. S. 
Department of Agriculture, in coopcration with the Californill Department
of Agrieulture. 

G!143t;1."..;j6-~ 
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(1) Check (no fumigntion treatment).
(2) 'l'hl.'ce')lol1nds of methyl bromi<ie pel' 1,000 cubic .leet for 90 minutes at • 

66° F. in l\ 27-inch vacuum. sustniued throughout thll exposure. " 
(3) Threll pounds of luethyl bromide pel' 1,000 cubic :£eet for 90 minut6s at 

70· J!'. in a vacuum of 27 inches at the beginning but not sustained. 
(4) Three pounds of methyl bromide pel' 1,000 cubie feet .for 120 minutE\s at 

70~ ,F. under atmo!lphcric pressure. , 
(5) Hydrocyanic acid gas (1 ounce of sodium cyanide per 100 cubic' foot 

for 50 minutes lit 60· F. in a 27-inch vacuum sustained throughout the 
exposure). . 

(6) Hycll'ocyanic ucid gus (1 ounce of sodium cyanide pel' 100 cubic feet for 
50 minutes al; 60" to 6S"F. in a vacuum of 27 inches at the beginning but 
not sustuined). • . 

(7) Hydrocyanic IIcid gus (¥.! ounce of sodium cyanide per 100 cubic feet 
fOl' 50 minutes at 60" F. undel' atmospheric pressure). 

~rhe~e treatments were carried out in a tan~ of 137-cubic-foot 
capacity of which 1 cubic foot was occupied by the materIal (the 
seed and some guayule plants) being fumigated. 

In only 1 instance was there a significant drop in germination 
of f.umigated as compared with nonfumigateo seed, and in~several 
instances there were si~nificant increases (table, 8). According 

'rAIlLE 8.-Germinat.ion of guayttle seed exp08tJd to 'Variou8 fu;"igation
tl'eatment8 . 

1Detn\1ti o[ !lIl1lll1nUon trentmenta nppcnr nbove.] . 

•Sced at hllll.~IItl'() IIccessllllt IU\d straIn gcrlUlrJatlng 
Treatment 

6,·406 7-GUa . ~ ----SCl'() not sllllldnrd·trcatl'lt: l. 
Meth)'1 bromide: l'rl'cCIII ('cI'celll

\'neuum BuslJllnM ............ ,, 27 ~2 
Vlll"UUm uut sustnlned .. \ ... " ~ .... 27 2!J 
A(musphcrlc )lr';$~llr•••••• , •••• 30 22 

SOdium rynllhlc:
Vacum" ~lIstlllncd ................ 27 25 
\'acuum lUll slIstll.lned ••••••••• 27 23 

8-,;93 
r-. 

E'ert'CIII 
2 
3 
4 

3 
4 

0,.593 

l.'crccllt 
15 
10 
21 

27 
26 

10~593 

Pcrccllt 
18 
20 
18 

21 
24 

li-nos 

Peroelll 
54 
50 
56 

g~, 
,\tmospbcrle prc~surc .......... 

Check (no rUlOl~alh," trcntmcnL) •••• 
Sc,,1 prcltoll~\)' 5t1l11dnrd.tr~nt~l: 2 

Methyl hromhlc: 
\'"cuum slIRtnlllM ............. 

28 
25 

3U 

20 
24 

44 

4 
3 

10 

20 
16 

33 

17 
19 

30 

66 
52 

83 
VACllUlU not .sustnInrd ." •••• ,. 
(\lmU$pl,,~rlc.' IlrCs.')lIfC: ... ' ... -.. .. '" • ~ • 

,$OII1UII\ c1l1nl<lu: 
VAcuum sustnhlcd •••••• , ••••• 
V~~I'111U nol su,tnlucd ••••••••• 
AlUlQ5ph('rt~ prl'tSure .........,..... 

Check (no fumIgation l(Catmen\) ••••• 

Sf 
30 

47 
4:1 
4.8
:1:;. 

1111 
41 

38 
41 
40 
3Q 

15' 
18 

21 
21 
2,' 
11 

46 
43 

40 
~2 
38 
42 

28 
27 

31 
33 
3t 
'20 

86 
82 

87 
86 
86 
81 

1 DllTerence t'llQuil'cit. tor sIgnificance III 5.percent level, 7 percent. 
2. Difference teQlllred for slgnltlcnncc at 5.Ji~rccnt: le\'el. 8 'percent. 

to the criterion for significance such a differe~ce should occur by 
chance once in 20 times; inasmuch as tl'l~re are mo.re than 20 
comparisons, this single significant drop\.ln germination could 
well be a chance variation. The results indicated that fumigating
as descrihed had no injurious effect on the germination of the seed . 

STORAGE CONDITIONS •

STOR,\GE AT D1F.FERENT RELATIVE HUMIDITIES 

Guayule seed has been stored i~ climates that differ widely in 
their relative humidities, such as at Indio, Calif., which i~ ver-y., 

.. / 
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dry, and at Salinas, Calif., which is very humid. Experiments 
were set up to determine hQW th~ relative humidity in which the 

• 	 se~d was stOJ:ed af(ects its g_ern~\nation. Foul' accessions W(,l,l'e
kept in at~ospheres of different relative l.umidities. and theit 
germination was tested ~very month. The djfierent relative humid
ities, approxjmately those listed, were obtained by placing. the 
seed over saturated solutions of various salts, over water, and 
over dry calcium chloride in closed chambers. These chambers 
were aired once a. week. The temperatures during the storage 
period l'anged from 18° to 25() C. 

The results for all the accessions are in general the same (table 
9). When the I,lccessions were stored at 80 and 100 percent relative . 	 , 

TAstE 9.-Gfmninntion of gun!lltlc SlH1el Blored for various periods nt elif
fercnt "dative IltLmiditicB 

(too \l~"tcnt .'elatlve humIdity. over wnler: SO )lcrc6nt. 01'1.'1' slIturntcd nmmonium slIlflll': 
60 Pllrcell!. O"el' snU"'nled ~o,lIum braule••Ie; SO percent, over slIturntcd cnlcium thlorltlc; 
() l'Ur el,t, over Itry enlchlln i hlorlll": lIJr,o HereuIIl. rllun. humhllt:J 

, 
lfolRture con-

~ 


Ac~e!l!llon. $troln, kind o! tent ur Mel~1 
 $Cl'll IlcrmhiJIthlg nCter Klrtn~c (or-
KDDlllIe, Ind relnUre humidity alter sh.r3g~ ",...---~ 

ror 1 nlOnth.t 1 mil. 2 mo. 311\0. 4 mo. G 1110. 01110. TDIn.C~,__ -....- r--. -- I'frcfllt /'('reml I'rrrl'/It I'cr(,("Iut Perrt'Ilt Jlerccllt fel'cflll12..()93 (achelles plus noreh) : 1 l'cI'cent 
100 ptrCl'nt ,. It ~ .. J ,_ ~; ..... .. ~ .... ,. ~ I\- t ... ~ 0 0 0 0 0 0 -gSO per~~nl ............ " .... ,...... , ~S 30 1 4 I 0 


,. ..... ~GO Ilcr<:ent .......... I< '"' , .,. ....... ,. ... 113 21 as 2!! 40 ·Ia 41 

30 p.rc~nt ............ i * ~ " ~ ......' .... 40 37 50 iiI 57' 61 5S 

opercent .,. ..... ~ ........ + ,. ... ,.. 20 23 31. 18 19 21 17
.......... 11- ...... 


3~-50 percent ••••••••. , • • " ... ~ 'f .......... H H 60 49 liS 62 58 

14.li93 (nchelles I.IIIS nQrets) i 2 


100 I'crcent ............ ... ,. ...... ~ .... 0 0 0 0 0 0 0
• 	
~ 

80 percent ........ , .... 12.0 
~ 

8 1 1 1 1 0 0 

~o Ilcrcent ... " .. ~ .......... 0; 11.11 S 6 23 12 12 12 la 

30 percent ............ 

.. a 

8.0 11 13 9 22 2" 29 26 

II percenl .............. 4.2 11 i 1 9 9 9 8 

3()-'SQ percent .. 1 ••• " .. .. ~ 1.8 t1 .to 29 23 aO 27 24
lip 

lO-593 (achenes): 3 

100 percent ......... ". .. -................ 0 0 0 0 0 0 .... ".. 

80 percent .... lo .. ~ ..... ~ .......... " ~ 1 .. 'I ... 28 11 1 1 0 0 .......
• • 	 t •• , 

~~ percent ... '" .......... "- ~ ... .. <I .... " ... ~ ...... '+ .. 28 20 30 37 26 34 "'''iI' 

~ ........ 	 01
30 percent .. .,~."" .......... •• l.1; •• ' 49 49 4S 04 60 ., .. t ... , 


ol)efccnl ~ ... 1; .. ~ ... ;o.*~."-, .... ~ .... , , .... -t , 27 18 !l2. 23 34 18. ...... ~ 


3~ ~O percent ........ _, , ..... « .... " .. ~ 31 27 51 00 13 12 ......
• ~ 11 


\ 7~~93 (achenes): 4 

100 percent _........... .. ... l ......... ~ ... 0 0 0 0 0 0 ......
I 


~~O pt'r«nt ... '+ .... ~ ~ '"' ....... ., 39 1 I 1 25 0 .. ..... -- ..
• ....... , .. '" ~ a ....... 


1\0 nerc~nt • t ...... l ...... I. .............. , ... 42 !l7 56 34 30 88 ....... ~ ~ 


SO percent .. .. ~ , .... ~ ........ '" .. ........ '" ............ 40. lil 57 44 ,fi1 54 ., ...... 

.IQ 


3()'..SO percent •• , K" ... 0":'_ " 'io '" ... ~ " 31 46 61 GO GO 51 •••••• 'f 

opercent .'.'.""" • .,4-" ... · ~ 

~ ....... "" ..... " ." 36 34 32 30 43 , •• t'.' 

~ • "" 	 , '" t 

:1, Dlf(e\'t1nce ri.'Q\dl'ed 1'0" 3i1;lItflcnnce at 5-lll!rccnt level! 10 }lercllnt between menns: 14 )lerccnl 

for Interaction. • 


2 DlIler""ce required tor shmlOcnnce at 5-percent le"cr: 7 percent between mcnn~; 10 percent

tor Interaction. 


II Difference ~ulred ror significance nt S-)lercent le\'el:. 1.1 llerc""lbetw('<!11 menns 1 15 )lOrcollt 

tor internctlon. 


t Dlfferencl! l't.,<\utred ro" slgnlflcRnce nt 9-pqrCcnt level: 11 .percent betwccn menM; 1,5 percent

(or Interaction. 


:.humidities, the ~~erminationdecreased to zero in 1 to 6 months. 
When they were\stored at 50 percent relative humidity, there was 
no consistont change in geJ.'mination as the seed aged. When they 
were stored at the humidities prevailing in the room at Salinas

•,and at 30 percent hUmidity, the germination of the seed in general
continued to increase during the period of the tests. The g'ermi
nation of seed stored at 0 percent relative humidity remained low 
or actually decreased during the s~orage period. The analyses 
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of variance showed the differences due to relative humidities and 
ages and the 'interaction relative humidity X ages to be highly 

significant.
Aftel' 6 or 7 months in the various relative humidities some •

of the seed was cut to determine the number of good embryos' 
presel.lt. For example, 72 percent of the seed of accession 12 was 

filladat the start of the experiment. After it was stored for 7 
months, the percentages of filled seed were 0, 1, 60, 71, 72, and 

72 itl 100 percent, 80 p~rcent, 50 percent, 30 percent, 0 percent, 
and room l'elative humidities. This indicated that at the hiq-he'L' 
humidities there was a tendency for the embryos to break down 
possibly because of fungi present, whereas at relative humidities 
near 30 percent this break-down did not occur. At extremely low 

relative humidities the embryos not onlv do not break down but 
apparently go deeper into dormancy. When seed stored at 0 per

cent relative humidity for 6 months was given the standard 
treatment, well over 90 percent of the filled seed germinated, 
indicating that the pOOl' germination of the seed stored at this 
,:elative humidity was not due to loss of viability. 

The relative humidity together with the temperature at which 

the seed was stored ·affected their moisture content. At the end 
of 7 monthR' storage the moisture content of seed of accession 

14 was found to vary directly with theTelative humidity (table 9). 


Thus, the results obtained might have been clue to the moishn'e 


content of the seed as well as to the relative humidities. 

These relmlts indicate that guayuleseed should be stored with 
 •

a moistm'e cOlltent of about 8 percent or under the saturation 


deficit prevailing in a relative humidity of approximately 30 


percent at 20° to 25° C. if it is desired to obtain an increase jn 


germination during a short period of storage. However, this 


increased germination might indicate a more rapid metabolic 


rate; for this reason the seed m!ght not remain viable as long 


as seed stored under extremely dry conditions where the germi


nation at least for 7 months of storage did not increase. Thus, 


if the seed is to be stored for a long period, perhaps the. relative 


humidity or moisture content should be kept as low as possible. 


Only tests carried out on seed. for several years can settle this point. 


STOHAGf: IN ;\·IRTIGHT AND. OPEN CONTAINERS 

In the past it has been the custom to store guayule s.eUd ill 

airtight containers. Table 10 shows the results of germination, 

tests carried out on seed stored in sealed and open containers with 

and without the standard treatment after the storage period. 

Small screw-top bottles were filled with seed, and the tops were 

screwed on and dipped in paraffin to make a complete seal. 

Enough bottles were used so that after one was once opened no 

more seed was used from it, thus insuring airtight storage for • 

the entire period. The open containers consisted of cheesecloth 

bags. The seed of both treatments were stored at room tempara

ture (18° to 25° C.); they had a moisture content of about '[. 


percent at the time the storage was started. 




'f.\BLE 10,-GI.'I'lIlination oj' Uiutyulc Il/Jcd n~t tl't:ntt:<Z (nul stundu1'<l-t'l'!1(ttC(! 

• 


• 


• 


. a/tf))' st.Ol'u(l1J in IIC!ILlt:cl dnd QP!!1t cantu'inc/'s fo)' vI~.!'ioU8 1)CI'iods ' 

t'lIl1'Nlt~d scclls~crmllllltlllK tl'l'I'llh~1 secd~ gCfllllntltlng 
l\hOIl pruvl(1I1s1l' stored IIIINI Jlrcvlbll~\)' stored 

t2,una: 1"T~flll 1',lrCcl,t

1 11101\th, ... l" • ..... !" ~.,., ... , ~ , ... t ~ ... 00 08 

:\ Iltut\ths.t .... , <i ;. ........ " ~ ... ~ .. ~ ~ ~ .. ~ 11 08
I • 

4 mQuth!.... , ........... , ... . 0:; 00 

11 l'wl1tll$......... .,." ... , , ... . fa ar 
o mlllltM..... , ............. .. 011 60 

Il 1II0Illh... , ................. .. 72 101 

II nllllllhs..................... . OS 66 

II lIIonths..................... . UO ItO 

1:1 1III1I1Ih~...... ,., •• , ...... , .. 11 64 
III Illollth~ ..... ' .......... .. 'i0 11 

13.jOG: 

L lU01~th".... .. ... ~ l. + ~ • ~"" ••• ~ ~ ... 00 05 

:l 111I1I\th~.......... " ••••• ,.,',., fi9 01 

., lUunthS'•• _t • I " .... " i ~ ~" ..... , .. ~ .. 65 (1S

il nlOnths ................... ,.. • ~ ..... ~ ~ GG n~ 

fI 1I1011ths..................... .. Ofi O~ 

N 1II\lIlths............ : ........ . (l!\ III 
n umuthll. 1 .. , ... _ • ~ ••• I , •• t • , • I: .... . 	 ~fl U2 
] 1 IItI)ntIlS. ~ ...... " ..... ~ ,.,. .. ~ .,. ••• ~ ~ ~ 57 (12 
12 months t • , t I ~ ~ .......... ~ .. ~ ... 111 02 
1:1 months., ................. ' 0:1 03 

U :1011: 

l Illlllllh,,, .................. ' I' II 010 

:I m()nt:!l~4 It ... I I,,,,, ~ , • ~ ...... i .... , J', .j!! 
., 11I\lllt.~'S....... 4 ...... > ... ~ I ...... " I~ H 
5 1I.<llltM.................... . .20 42 

II lIIol)fhg,..... .............. . I' In ·jO 

ll. mOnths ................ , ' •••.• 27 80 
U mOllths ..................... .. u;; all 
11 month~................. .. 2i an 
12 IlHmlhs.. "' .... ~ ., " . ~ •..• , , ••.. ~:l H 
1:1 mOllths.................... . 2r) 	 42 


2!!,'50!\: 
Ollll1ntll.................. '" 1~ Iii 

G lII'lI\th~ ........ , ........... , 20 2f; 


t).,) \ ..,~)'l. 

_•. 	0 n)~'lih................ , •• ,.". ;{:l fW 511 

6 1l1ul)ths f .,. .. •• ~ ., ... " ~ • 4 '" Ull 88 04
• it •• 

2:\ ·IOI.l~ 
o month.... , .................. . 22 

n "101]lhs.... • .............. .. 20


97·101: 	 , 
o 1II00\th.................... , ...1'4 4 11 ] 1 
G months••••• , ••••••• , •••~~L_l_()~_"-~_!l_6__!-__2_5_.--.!___2:;__ 

The germination of seed stored in either sealed 01' open con
tainers and not .subsequently treated increased (luring the first 6 
months of storage; the germination of the seed in open containers 
averaged higher tlmll that of seed in the sealed·containers for 
all acce!;!sions, This difference wm; not nearly so marked with 
seed of accessions 12, 13, and 14 as it was with the others, although 
~:l tests showed it to be significant. The seed of these three 
accessions were poured into the bottle under their Qwn weight, 
whereas those of the other accessions were packed in under 
pressure. This decrease in amount of air pel' seed may account 
for the diffel,'ence in response of the various accessions to sealed 
and open storage. FrOt'll the sixth to the. thirteenth month, there 
was no significant difference in germination of seed held in the 
different storage conditions. 

If the seed was given tbe standard treatment after being stored, 
under the two conditions there was generally no signifi,cant dif
ference between the germinati()l;l percentages except those of 
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accession 23. ,A signipcantly lower percentage of ita seed stored 
in. the sealed containers germinated. " 

The results in tabl~ 10 indicate that storing in airtight con- • 
tainers tends to retard thegel'mination of guayule seed for the 
first 6 months after it was harvested, but that such storage caused 
no loss in viability as s~v~d g,'iven the standard treatment germi
nated as wen 'as that stored, in cheesecloth bags. Other effects 
of airtight, and ope." S~Ol'age may be brought to light as the seed 
is stored for longer periods. 

AG~ OF SEED 

An Qutstanding result obtained from the storage experiments 
was the increase in germination of both the complf'te fJ:uits and 
the achenes as the seed aged. Tn table 11 are giventne germination
pel'centages of untreated aeed of different accessions when rQ
ceived and after being kept in the laboratory for various periods. 
The seed was stored in unsealed containers at rOQm 'temperatures 
and humidities. 
TABLE 1l.-Gcl,litinaUon of di/fe'rent accessions 0/ guayttle seed after aging


f 01' vct1'iOllS pe1'iods '. 


Seed germlnntlng-A~~ ur sccd when Filled seeil 
lnnd or salllple. Source 'Ichenus threshrd I.cngth of 1-----,,---- germlDfltlng 

IIceCNs\on. IlIlfl strain or ~ccd ont storage In he nt endAt endginning 

Percetlt Peroent,\chenus: .1/0tllhs Jfontha Percent .. 78 82
lA-406 ••••••• , SaUnas. Cnm••• 1>1 4 54 

2A-593 ............ do..... .. 
 o 5 12 88 93 

11-593 ............. do....... . 3-1 6 4 
 85 80 

11-593 ............ do...... . 3-1 12' 4 
 95 99 


2 6 40 74 100
12-503 Indio. Callt .... .. 
14-593 •••••••• Salinas. CaUr.. . o 8 13 
 ·13 96 

l&-593 ............ do. " .. .. 
 1 7 21 11 96 

11-593. ............ do...... . 2 
 (j ~1 58 92 

22A-593 •••••• ['aUmon. CIIUt•• o 6 32 80 93 


Ad1cnes plus norets: 
 19 58 

2-593 ......... ,... do. • • ., ............. ., .. ., 

1-106 ......... 3aUnns. Cullr................. . 28 


,I 3 13 45 

3-130 ............ , do.................... . 
 4 19 45 

4-406 ••••••••••••• do•••••••••••• .,.,., •••••• 
 9 11 39 

5-503 ............. do......... ; ...... ., •••• 
 7 5 22 40 

6-406 ......... IlId.lo. rullr.................. .. 
 12 19 42 96 

1-593 • ., ....... ;811I1U5. CulU................ .. 12 Hi 34 81 

8-593 ............. do.................... . 12 2 11 51 

0-593 ............. do.................... .. 12 9 28 61 

12-593 • ., ...... Indio. Cnllf" • ., .... '" ........ . 12 4 62 86 

13-406 ............ do.................... . 12 19 56 86 

14-593 ...... '" Sallnns. Cullr •• " .... ., ........ . 12 7 28 62 


5 8 32 58
15-593 .............do.... , ..... " .. ., •••.•• 

20-407 ............ do.• : ....... ., ......... . 
 9 10 3S 78 


6 5 19 73
22-593 ........ inllnns. Callt .............. ". 

23-1~6 ............ do................... .. 6 
 0\ 30 75 


The germination of all the seed lots increased with age during 

the first year. That of the achenes alone increased the most, 90 

percent of the filled seed germinating after 6 months of storage. 


The increase in germination of achenes plus florets was gen

erally less than that of the achenes. However, there seems to 

be a definite relation between the percentage of filledachenes 

plus florets that germinated at the end of the storage period and • 

the locality in which the seed was produced. After 1 year of 

storage fined seed of collections made at Indio averaged 89 

percent germination; on the other hand, those made in the 

vicinity of Salinas and stored under the same conditions. for the 
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• same length of time averaged only 64 percent. Collections made 
at Patterson averaged 74 percent germination after a storage 
period of 6 months, which is higher than that of the Salinas 
seed stored for a year. 

During the time the seed is maturing, the climate around 
Salinas is much cooler and more moist than the hot and dry 
climates of Patterson in the San Joaquin Valley and, of Indio in 
the Coachella Valley. It may be that these or other differences 
in the climates were responsible for the longer period of dormancy . '. 

noted in Salinas seed. It is not known whether after aging long 
enough all of the filled seed of any coLection will germinate 
without special treatment. However, only 58 percent of the 
filled seed of accession 1 germinated after being stored for 28 
months. , 	 " 

• 

These results indicated that guayule" seed increases in germi
nation as it ages at least up to 12 monthsRnd that the germination 
of achenes alonElincreases so rapidly that after 6 months over 
90 percent of the fined achenes' germinate without any special 
treatment. The results also indicated that seed produced in 
climates such as those prevailing at Indio after being stored in 
open 1!ontainer~ at room temperatures for: a year will show a 
germination of 90 percent of the embryos without treatment' 
whether or not the florets and'bracts are removed. Why the Indio 
seed has this shorter dormant period is not known at present . 
These results mean that, in so far as germination is concerned, 
the very expensive hypochlorite treatment now given guayule 
seed can be eliminated by using achenes alone that have been 
stored in the open for 6 months or by producing seed in climates 
such as that at Indio and holding it fora year before planting.ll 

TEMPEltATURE DURING GERMlNATION 

Germination tests were carried' out in various constant and 
alternating temperatures. When the latter were used, the'seed " 
was kept at the lower temperature for 17 hours and.at the high~r 
one for 7 hours daily. Alternation of 20° to 30° C. seemed to 
be about the optimum for germination; temperatures below 15° 
and above 30° either constant or in alternation with those,between 
these values reduce the germination somewhat (table 12) .. TbEl 

• benefit of alternation from 	20<) to 30° agrees ,with the findings' 
of Roe.1 !! The germination percentages at 15°, 20°, and 25.° did 

• 


. not differ significantly from one another.. but the germination 

was most rapid at the highest temperature. After 9 days the , 

germination percentages of 1A-106 in the first test were 9, 42, 

and 51 percent, respectively. Because of the increased rate of 

germination 25° appem;s. to be the best constant tempe:ratqre for., 

the germination of guayule sEled. 


II This does not; necessarily. mean that the Indio climate is the best for 
seed production, as seed. gathe~'ed there may have a much lower percentage 
of seed filled than that gathered in cooler districts. 

1:1 ;ROE, .E. 1. FINAL REPORT ON TESTS. OF GUAYULE SEED MADE AT ST. P<\UL, 
MINN. Great Lakes Forest and,;Rangll Expt. Sta. Rpj;.to Emergency. Rubber 
Proj., 1944.. [Unpublished.] . , 

http:planting.ll
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TABLE 12.-Gel'1nil!atiolt of gl(MWlt" seccZ at lIul'iotts tempcratm'cs 

!icld Qr lndlcnlell uC~CSSIOll lind strain germinating 

CI)llslani leml'er.aluru 1,\-100 21t-5U3 t 

or alternating 


tentllcrnturcs (. C.I 1U-5031
4 months Stullllnrdnrtcr Untrealedtreated
thmhlll~~ 

----~-------~------i-------r-------['(rccllt ,'er(,Cllt Perrcnl f'fl"rcllt Perct'lll 

, • , ••••• ~ 0,..........t 


... ... " .......... 

::.-::ii'::,' : : ~ : : : : : =' :::::::::: :::::::::: :::::::::: 

~ 

........ J...................................... , ... 


.. ~ ..... .,. • ,o." •• ~ 1> <0 ........ '"' .... "' •••• ~. .. •• ,....... • ...... I .... . 


.. • ... • ... .. • .. ~ .,.. • '" . ~ ~ • '" ............ 't. . t .. .. • • • • .. •• .. ........... " 


12 .• " ........ .,. ~ .•• ~~.,~ •.,.~ •.•. !." ........... . 

6·1 "' ......... t ... " ......... ;. .. "" ~. t" •• "'" ., ............. .. 


HO ~ .................. ,. • .O-~ 
 " ••• " ................. . 


lDifferenc() required tor s;":nificnnce nt Ii-percent level, 8 percent. 
2. Difference required (or sh:nificnnce lit Ii-percent level. 0 percent. 

Two tests were carried out on accession lA-406: the first im
mediately after the achenes were threshed from the florets, and 
the second 4 months after the seed was threshed. 'l'his accounts 
for the increased germination of the second test at the same 
ternperatures. , 

The results shown in table 12 were obtained when the lower 
of the alternating temperatures were maintained for 17 hours 
daily. In the vicinity of Salinas seedings were maGe under con
ditions in which the temperatures usually dropped below 15° C. 

,for just a .few hours during the night. Experiments conducted 
to determine the effect of low temperatures for short periods on 
germination indicated that exposures to 10° and 5° for as long 
as 2 hours had little or no effect on germi~ation (tab1es 13 and 14). 
TABLE 13.-Germinatio?£ of gttayttlq sccd aUel"luttcd between 20· and 80· C. 

with short exposures to 5· and :LO" inRhc 1n'iddle of the 20· period 

S~ed of lllllicate<1 accession Seed or hldlcated accession 
allli strain germinating and strain germinating

Lowest tcmpeftttllre (. C.) IAw<-'!t t~lllll.raturc (. C.)
and duration· 01 e."1lOsnre. and durlltillll or exposnrc2A-fi03 5-593 2.\-593 5-593 

(un- (standartl- (un- (standard
treated)l treatcd)Z treated)l ,treated) 2 

5~: Percent Percell I 10·: rcreellt Percellt 

() hOUf ............. 83 M o hour ............. 83 li4 

.\i! hullr ........... 83 51 % hour ............ 86 53 

1 hour .... *' ........ ~, ~ ___ 80 51 1 hour .... '"" ...... ; ...... 8S 53 

!! hours .......... " .... ,,"'*'~ 80 53 2 hilUfS ~ • .. ,. " ...... 79 41
" f! 

" 11ollr$ !Ie <0;,.."' ................. SO 47 4 hours .... 74 46
f" ...... ~'."' 

iO- + 5· + 10Q 3 ..... ,11 49 

• 


• 


• 

l nlfferenc~ required for significance at 5-pcrcent level, 8 ,percent. 
!: U"Y"rence required (o·r significance nt; 5·p~rcent level, 7' I'ercent. 
\1 1)!lur at each temporature. 



• 
Exposures for 4 hours to either 10° or 5'1 caused a conSiderable 
reduction in the germination of the seed when the temperature 
was. not allowed to rise above 20'1, but hot so great a one when 
the temperature was allowed to rise to 300 When the tempern• 

tures were held at 50' for <1 hours ~\nd 20° for 20 hours daily, the 
• maximum reduction in germination noted 	 (4-406, table 14) was 

about 32. percent;. when the tempel'ature was maintained at 5° 
:fot 17 hours instead of 4 and at 20(1 for 7 hours (table 12), a 
reducti.onin germination of 53 percent was obtained. 

'l'ABJ.E 14.~Gt"'lIIill/ltion 0/ tl'clIteel UHu·YHle seed at :.l0· C. (';t'et'[Jt lor s/lo/'t 
exposures to 5° (oLd 10~ <lai111 

I.OlVcr ternperatures Se~t1 of Intlkll!(',1 llcces~lon und. 	 Seed of hldl,·"tcd accc:;.~lon .ndI,uw~r tl'llIll~rn\Ure$ 
(~ ('.) nnd duratlon ~ttll\1I ~crmlmltlJlIt 1 (<> c.) IUlII duration strllhl gcrmlnlll.lng t 


of uPOsurc ~"'""*,_ ..",.',,,,_ v
-~..--~- of clll'lSure ---.--"-~3··1110 4-406 5..503_.- - c_ 
\0: I'l,.,.~t~"t PerN'/,1 ('(t'~ellt \I)~: 	 Perrrlli l'frrrU/o IlI)ut 1.4". ~,. !l!l 3-1 fi2 o hour * ....... 3·1 G2 

.4, hour ""'.11- S', 35 50 t~ hour 
~ 

~ ~ .. * •• sa 48 
t hour ...... " a3 3!'i fit 1 huur ...... " .. 3" no 

h~ur$ 
~ 

~ .. " ... ; ~.. 31 51 2 hour~ ,. .. . al 51 : 
~ ~ ~ " ~ 	 hours " ...... llO !I3, ~o ;. .. hpur~ " .~ .. , 2~ H~ 

I 

• These results indicate that daily e.xposmes of guayule seed to 
temperatlll'es of 5° ani:l 10° G. during periods of otherwise favor
able temp~ratures (20 0 or a 20° to 30° alternation) for 4 hours 
ot" longer are necessHry to CHuse a reduction in the percentage 
of seed germinating. They also" indicate that when the tern" 
pernture is allowed to I'ise to 30° instead of 200 the reduction 
in germination will be lessened. 

At Indio soil temperatures as high as 500 C. occurred while the 
nurseries were being planted. Table 15 shows the germination 
of accession 11-593 when e.xposed to this temperature for various 
periods each day. Exposures as long as 4 hours daily cut the 
germination in half, and shorter exposures reduced it still less. 
From a practical standpoint these results show that good germi~ 
nati.on of guayule seed may be expected where soil temperatures 
reach 500 for as long as 2 or 3 hours daily, but that if it is exposed 
fol' longer periods the stands obtained may be reduced to a point 
which would require replanting the nursery. 

. 
'fABLE 15.-Glwmination of accession l1-!i93 uuamtle seed altCl'1!atcd between 

20~ alld ,'10" C. and c'~'p(18ed to 5(j° I()I' va1'iolts periQds daily during t"~ 
middle of tile 30° eXpOSI\TC Plll'iod 

Se,~1 
Kcrmln:\UIl~ , 

Oerrnlr~'t1on tcmJl~rntute (<> (\) 

• 
.--",'j.,.~ "' 	 """ ~., ' .....,., .. · .... ,.. <-" __ .. w.__ +" ,_~,,"" 

Pt.'I'rent
1 1-'0''.16 hoUt$:so', S hours; 1jO~. 1\ hOllr (th,'.·) ............................. . 
 04
2 20 0 

• ltl bours; 30q.,. 7 hours~ 50°., 1 hour~_... ~ ... 'H ............. ,., ...... HU .... H .. "''' 
 04
.1 .20o~ l6 bi)ut::l;.!JOq 

, fj hmm;; 500 • 2 hours:.~ ...... , ... ~~, ......... ~" .• ,. ... 
H"kH. 

.. I ZO", ttl IrQllr$; 30", ~ l\<lurs; liO"... hO\lrS.". ...... . ..... " ........... .. 
11 

~O 


jo -1 i ~O:. l~ ~ours! 30tt 
" 2 bU:Jrs:: 5<)1). G hours:, .. ~ '" ••• 'H' ,~ ,. H. ~ H ..... U IS
n • 

il ,!)(). 1_ unur;r; a(l~. 0 hour; M", S hour~, ' ......... '" .......... , ..... , ...... ! 2 


1 l)ltT('",II~'" ro."\I!tn~1 rQ\' "1~nltl~lln~e nl 5-j)c"eeni Ic\'cl, 8 Ilerel'lIt. 
Gtl~3lit~~-3 
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OERML'tA~'IOX OI" OUAYt'L'E SEED 

{,IGH't AND Qr\RKNHSS DORING GERMINATION 

To. show the effect of light on its germination, guayule seed was • 
germinated in glass-topped Mangelsdorf seed germinators at 
room temperature. The dark treatments were obtained by cover
ing the glass top with lightproof material and sealing the door 
shut with brown, opaque, gummed paper. The light treatments 
were obtained by placing the germinators in a well-lighted room 
away from direct sunlight. The temperatures in both treatments 
w<:re recorded and no appreciable difference was noted; for ex
ample, over one 24-hour period, the temperature of the dark 
germinator averaged 23.7° C. and of the light germinator 23.5°. 
Light favored the germination of untreated seed, whether achenes 
plus florets, achenes alone, or the embryos axtracted from the 
fruit coat (table 16). These results agree with those of Pissarev 
(11). Light did not markedly favor the germination of seed 
given the standard treatment except in one instance, that of 
accession .20-407. This was freshly harv.ested and was germinated 
at a more or less constant temperature. Treated seed of refanned 
accession 2-593 responded markedly to alternation of tempera
ture when germinated in the dark (table 12). At the time of 
these tests, seed of this accession was also freshly. harvested. 
Thus, it may be possible that light and alternation of temperatures 
may have comparable beneficial effects on the germination of 
treated freshly harvested seed. • 

TAR.LE 16.-GcrminatiD1t of gllay1tlc 8eed in dat'k all~ ligM 
.... _c .~",~__,..", "'~" 

f 
Untre3t~1 $eed Stal)dllrd·(reated seed 

,\cec3.,lon I ~ormln:,tlnK In- gormhL111ng In
1UlIlstr:tln i 

Dark I1ghl Dark IlRht 
~0.·'- -'·-1'! ._.*... '"..-~.-<..• --1---,--1---1--- -- 

.1ra"llt~ Perrelli Pcrrrlli l'rrccnt l'creN,t 
.. ·:;9;1 \. ......\ .lehenes "IllS llorets •••• < 10 20 25 36 40

•• • • ... ... 

II :;oa 1 .....\, ....do. ............ • • ., ...... . 10 14 2) 35 41 

11-193) •••• .\chclll'S ........................ T 32 48 88 Sa 

13.. 1(\6:l .... \thcnl'S plll~ florets................ .~ 17 51 75 iO 

1·l-:10!l!! , .,;. ~.dQ....... "." •• "' ....... 4 ...... _........ 7 15 36 42 41 


4 , 	 \. _,20--40,2 .. do......................... __ ~"* ....... '"'. 2 6 12 24 4i 

!!1}·l!lT 3. I Sak~l. ~u,br$U$ ................... 2 
 42 IIIi ", .. ~ • ~ l< ..... ............ 


~ DUTeNn.1! required Cor sigllific:nncl! al ij-percent le\'eh 4 percent for untreated seed; 5 

percent tor treated seed. 


e tlifferellce requIred for $ignificnnc(' III f;-I'ercent IQve1: io percent ror untreafoeil seed ~ 14 

percent for treated seed, ., 


11 Difference required (or niltnificnnce at Ii-percent level. 11 percent. 


HYDROGEN-toN CONCENTRATION OF GERMINATING MEDIUM 

Two experiments on the effect of hydrogen-ion concentration 

on the germination of guayule seed were carried out with series 

of buffers given by Gartner (4). The desired hydrogen-ion con

ccmb:ation was obtained by titrating one solution into a measured 

volume of the other while reading the pH values on a Coleman 

meter. In the first experiment the seed was placed on blotters 


• 	 soaked in the buffered solutions. The blotters were maintained • 
at their original level of moisture. by the addition of distilled 
water. BeCal,lSe,SOme of the buffers proved toxic, a second experi
ment was carried out "'ith a different series of'buffers. In this. 
experiment the achenes were tloaked for 3 hours at the rate of 



•••••• 

• 


• 


• 
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4 ml. of buffer solution per 100 achenes; then they were placed
between blotters moistened with distilled water. The results 
were erratic (table 17). The first experiment showed considerable 
differences between percentages of germination at the different 
hydrogen~ion concentrations, but with the method employed in 
the second experiment no significant differences Were noted. The 
boric acid buffers were. toxic. Buffers containing sodium citrate 
and sodium hydroxide at pII 9 and 10 are very unstable; tests 
showed the pH valnes had dropped to 7.4 during the. 3-hour 
soaking period. The difference in germination of accession 
2A-593 between tests is. related to the age of the achenes, those 
of the first being 2 months old and those of the second ,6 months 
old. Although these results .are l10t too conclusive, the evidence 
obtained indicated· that the hydrogen-ion concentration of the 
solution from which the seed absorbs water in order to germinate 
has little effect on the percentage germination. 

TABLE 17.-Gl'rmintLtiolt oj gltuyttle (tcitenes ~n solutions of clit!cI"/Ynt hyclrogen
ion conccntraUons . 

Expcrlmcnt 1 El:pcrlment 2 ___. ________________~------__--~l ___________________~-----

pit AcbC1I1!S or \ndICllt.'\l .\cltchesncccssion nnd sluln :.ccrnt(
t(lml'o~ltlon Qr buQ'cl'S gcrmlnuUuK Composition Qf bUQ'cfS nUllng

(2.\-593)3
1A-I06 1 2.\-;;93!!----- -------------------1------ ,----- ---------~----__--I______

( J'olJl""lum chloride + Percept 
I hl'ilrochhlfie aeld ••••••••• Sodium cltr.le + hnlrochlr.ric 
I 1'"IlIs.,lum neld phthJtlale + acid ....... _ ..... "' ••• ~ ••. «. 79

I 1'l'llrochl,.rle acid •••••••• 2$ 19 ........ _ ... " .... '"' ...... -f' l' .. " ....................... ~ .... . 


s l'o!.,s.~lum acid ohlhnlnle + 
hSdrorhlarle aeld ••••••••• IG sodlun! dtr"te ,f. hydrochloric 

nchl .................... S3 

4 .. III." >t.... do. ,. ~ ~ ......... ,. ... "., 'i •••• do,. ...... f ~ •••• ,.". 78 

~ 10 •• , • tin. ••••••• ••••• ...... 81'{':::::: :l~: ::::::::::::::: 22 •••• du, ................... 78 

6 I'o!.,sslum dlhydrogen phos. 

phatf + sodium hydroxide •. 28 1'(,I:I.,.lum dlhydrogcu phos-
T L'ot:l.<;sTum Illhyilrogen phos phate + sodium hYllroxlde.. n 

pl.lte + SIllllnnt hydrodde•• 55 20 Sodium citrate + sorllum 
hydroxide .............. 14 


23 ....do. .................. 11> 

S rit~;I~ ~c~f'+.Mt;I~;I~;'i ·.ili;:

I ride + sodlunt hydroxide ••• o J'olusslum dlhydnlgcn phus- 1 ' 
9 lIorle ad,1 + P<lt"I.~lllnt clJlo /lhllte + sodium hydro:dde.. 81" 

rIde + sodium hydroxide ••• o Sodium ellrsle + sodium 
hydroxide ......... '..... 7a 

.10 .. ~ ..... '" .. II" do. ~' .. ~ ... , ...... ,., ...... 2 ••••do. ............. ..... 7(1 
9.5 Standllrt.1 trcutment •••••• _. 'I 86
;,2 Tap Imler (chcc~) .:......... 8\ 


1 Dilteren~e. required for significance at 5·perccnt level. 12 percent. 
~ DitTercn~ercqllired tor significance at 5-percent level, 8 percent. 
:I No .ilrnjficant dilTertmce between means. 

SODIUM HYPOCHLORITE TREATMENT 

VARIATIONS"N TREATMENT OF ACHENES PLUS FLORETS 

Except when achenes alone that had been threshed from their 
accessory parts for 6 months or more or achenes plus florets grown 
at Indio and stored for 12 months were used, it was not possible 
in the experiments described earlier to obtain bette.r than 90~ 
percent germination of the embryos by any alteration of the con



20 

ditions under which the tests were made. These results indicated • 
that some special pregm:mination treatment was necessary. When 
this work wns started, a satisfactory treatment with sodium or 

'calC'lum hypochlorite had been worked out. This treatment as 
TInaIly evolved. is the standard treatment described on page 1. 
How effective this treatment is Gan be seen by comparing the 
germination of treated and untreated seed in tables 10, 12, and 16. 
What characteristics of the hypochlorites were responsible for the 
illcreasecl germination and how they worked on the seed were 
not clearly understood, however. In this section are described 
numerous experiments carried out to determine how variations 
of this treatment affected the germination and what effect the 
different operations by thems.elves had on the germination. 

As guayule seed germinates better in the light than in the 
dark (table 16), experiments were set up to determine whether 
light had an influence on the treatment. Seed treated in the light 
was washed, soaked in the sodium hypochlorite, and rinsed 
directly u.nder tl 15-wattfluorescellt daylight bulb. It was dried 
in the light in a closed greenhouse at 1\ temperature of 40° C. 
during the day. The seed treated in the dark was washed, soaked, 
and rinsed in lightproof containers. The seed was dried in the 
dark in ~\l\ Oven at 4.0°. The temperature of the washing and • 
soaking in both light and darkness was from 15° to 20°. No 
significant difference was found between the germination of the 
seed treated undel' any of the conditions shown (table 18), indi
cuting thut the treatment was equally effective in light and 
darkness. 

T,\IlLE 18.-G(·nnilUttion oj guuYIt/e 8{'ccl litltnciu/"il-t/"C(tictl ((.nd iltie<l -in light

(mil dark 


Be,,) of indiclltcd nccesslon 
:ulII struln germinating 1 

4-106 v-503 

Percellt PerrellI 
Ii 22 
i 20 
o 20 
1 IS 
4 :I 

1 DitTeNn." l"1!Qu!red for sigj.tt\cnn~<! n~ ii-percent level, 5 percent.. 

The effectiveness of the sodium hypochlorite treatment carried 
out at different temperatures was studied. The temperatures were 
D.1aintained by washing and soaking the seed in water 01: solutions 
in ovens or refrigerators operated at the ~rious temperatures..
The washing was carried out by changing with water already at 
the desired temperature. The water on the seed not washed by 
continuously running tap. wate!; was changed every hour for 
9 hours, every 3 hours for the next 6 hours, and then every hour 
for the lust 3 hours. A progressive increase in germ,ination as 
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the temperature of washing rose to 25° C. and a decrease as the. 
temperatul'e went above it was found (table 19). Thus, 5° is 
definitely too low. 39° is definitely too high, and 25() is the optimum 
temperature for t~'eating the seed. The odds l\gninst the increase 
and subsequent decrease in germination with rising temperatures 
occurring by chance at'e well beyond those required' for signifi
cance. Another interesting result is the poor germination of the 
seed washed in continuously running water compared with that 
of seed treated at the same temperature but with the water 
changed infrequently, 

T<\BLl-' l!).-Gel'lninaticllt of Ylwyulf.\ st'ed of accession 5~$9.f stulHlc/l'(l-tl'c(£tod 
at 'Val'i()~(s tlJlIt}uwatul'tJs • 

l'ercent Percelll 
~l;J .... "~~"'''''''''''~.''':t~''~'''If·.;''''' !l0 ~10b * ..... ~ ,. ....... ~ .......... ~ .. -. ... j. • '+ .. 1t '" 31 

I ~I .. •• • ................... ,. , ~ ........ .. ~1 .Dl> • f ....... "" .... ~ ............... "' ......... ~ • 11 

:'!Uv ...... ~ I ~ ................... ~ " • -., ~ , '" •• 32 l;;c {nu\lIhl~ \llll Willer) ••••••••• 10' 

:*>1 .• ~~.,~ •••• ", ............. " •••• ~ lH hec~ (I1U Irc:l\U1clt(1 •••••••• ".,. o 


Washirtg (Llone COmpa1'ed. 'with washing plus soaking b1, sodium 
}typochlo/-ite.-In order to ascertain whether washing in water 
without subsequent treatment with hypochlorite would be suf
ficient to stimulate germination, guayule seed was W<'lshed in 
water for 20 hours at the rate of 75 ml. per 100 seeds (3 changes 
of 25 ml. each) wlthout soaking in sodium hypochlorite. Washed 
seE~tls of all accessions germinated better than unwashed ones, 
but in some cases the differences were vel'Y small (table 20). In 
all cases seeds given the complete standard treatment germinated 
much better than thOSe just washed in water. 

TABLE 20.-G(,),lIlil!u,ti()j~ of !/ltClJjuic lll't!cl 1Va..~hed -ilL '/(Irlil))' for ~o hours, 
sta"c((lrd-trcrtfed, 01' ieftlmtnmted 

'."'_._....;__ ____ ...."_"____.._·- _____~_,'~"F~ "~~ 

S.,,'tlll~rQlh~,Ul1g arter lit.! 111dlr"tl~1 i; j S~l~l ~"rUthliltll1g nrtcr thelncllcated 
t,,"'hI1CJl~ Iii I Ire:!tmcn! 

,\cC"'~!Pll ' , ' "- - ,---. " I .\eC(...~IQll r--- 
4H\1 ~lr:t111 Wushl'1I In! ",,,,,,,..J In wl1l~r IS nod ,1(11111 l... IW",h,,1 Iltf Washl~1 lit '\'lIter III 

SOnc IIllltr 20 I h,,"r~ "1ll1 wuk\,\ hI , NOll" j wl1i~r "11 hour~ 1111t1 .o"~l.l Itl 
o hnu,;; ~odl1\nt ItyVQrll\..rl!~ '1IOIlri' SQtlillm hrlltlch\nrlte 

~ . ~ '2 hour~ 2 hour£ 
.. - ,." .- --l ...--- ..-._-'. ~t---- - 

/·..,....tl1t, l'O'I'I'IIt I 1'.'r"'~lt Perccllt 1)(r~rJll Perrolt 
3-130 .... l.!1 'I 2(; H 1!!..;j~3 ... 23 H _ 6SI 
1~40l1 .... It I 12 M 13-401) •• 19;11 60 
~ 593 • .. . !!i1 i 2(1 JO H .. :iII:1 •• l.l W 3~-, -.~,,~- ".",,,,,,.. ,,, . "'~".' ""-,..""'''''-~~'''-,. ""--,,,,,--,,..._-,,.,, "',,, 

A,mount of W(ltel' used.-The germination of achenes plus florets 
of accession 5-593 washed. in various amounts of water prior to 
soaking ill sod.ium hypochlorite is shown in table 21. In these 
tests the seed was all washed and treated for the same length of 
time. the only variable beillg the amount of water used. Washing 
in running water instead of changing at intervals reduced the 
germination to a slight extent. Just why this reduction occurred 
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is not known. The highest germination occurred when only 3 or 
4, changes of water were mad~ and only 75, or 100 ml. instead of 
a liter or mO~'e was used per 100 seeds. 

'fABLE 21.-Ge)·minatiQlt 01 guayule sced 0/ accession 5-598 1IJCUlhed with 
J;ario1(/' (H/IOI(1Lts of 'wahli' pl'iQ)' to being soaked ,in sodiu1ll hypochlol"ite 

SeroTreatment germlnllUnc 1 
~--,---

Se"d wnshed In---. PercCllt 
Itunnlllg waler (100 ml. per minute pcr 100 seeds Cor IS hours). ............. " •• 46 
Itulllliult water (67 ml, per mlnulo per 100 St.'f.'ds, ror 18 hours) .................. . 4fi 
ltulUlluK \llI!.r (50 mi. pcr mlllllte p~r 100 seeds Cor 18 hours) ••••••••••••••••••• 49 
1100 mi. QC WRter pc, 100 se~'Ils (:15 ml. changed erer)' 11.: hour Cor 18 bours) ••••• , •• 47 
4~O 1111. oC waler per ,100 s...ds (2~ mi. challged every bour ror IS hoursl ... .,,, ••••• 46 
2:l:i IJII. or water per 100 $"~'fls (25 hli. CMngl'll .very 2, hours Cor 18 hours) •••••••• 48 
1:15 mi. oC willer pcr 10Q se"ls (2:1 011. dmlls,,1 .I'cry 4 hours for 18 hours) •••••••• 45 
111 mi. oC water pcr 100 sCl,l~ 125 101. cl4wg,,1 CI'er)' 6 huurs fot 18 hours) ........ , 54 
100 mi. of wut~q'er 100 $, ...'Il$ (2~ OIL chlUl~I.'Il ul 4 Irregular Inlervals) •••••••••••• 50 

1 Dilro:!rencll requlre.1 Cor sl~l\lnennee nt 5·pcrcent I""'cl, 4, percent. 

In another experiment achenes plus florets were soaked for 
18 hours in just enough water to keep them moist (1 ml. per 100 
seeds) before they were treated with the standard amount of 
sodium hypochlorite. Seed washed in 4 changes of water germi
nated better than that kept just moist during the washing time, 
but this difference was not very great (table 22). . 

TABLE 22.-Gcl'lIrination of gltayulc sced soaked in just enough water to keep 
the s('ed moist, IJl'ior to tI·ca.tmcnt in sodium hypochlorite 

~ ~ ~"._.. '_"'_A______"' ___ ___""""_________ 

Seed oC Indicated aecwlon 
Treatment lUld strain KermlnaUnc 1 

i.l<'I'<1 ..",k"d In J\I$I enough water to be .ept moist beCore sodium Perrent, Percent Percent 

hypochlorlt~ treatment .. to tI" ot+. + fI,¥ ~ ... <\,,' .. .... 't .. l'1!i""". "'''' .', ....... 3f 30 50
it. 

~c\'il stautLltd, lrt.:ltoo!: .... ,. .. " ........................................ ",. to ...... ,. ....... '" .. ~ , ~ !1t1 35 54 

.Stcd not treatl-d ........ +ic.~."' .. t.,_."' ........... ., ....... ,~ .......... __ .... . 18 10 19 


~ DilfeftmcI! '(;\Win'(l rot' "Ignifl~nnc(! at 5'llercent le"el, 7 percent. 
;.! Washil\l( prior to $onklolt In ~odi!lm hYl'ochlorill! consisted o! 4. chang"" of 25 mi. of water 

Iler 11)0 s~~d•• 

Length of 'washing.-Experiments were set up to determine the 
effect of the length of time of washing prior to soaking in sodium 
hypochlorite on the effectiveness of the standard treatment. Re
gardless of t'Qe time of washing, the seed was aU washed with 
the same amount of wat~r. In this experiment was included a 
treatment. in which the seed was .soaked in sodium hypochlorite 
and then washecl in water for 18 hours, or just the reverse of the 
sequence in the standard treatment. Seed washed for 8 to 12 
hours germinated as well as those washed fQr the 18 hours required 
by the standard treatment. Seed first soal<ed in sodium hypo
chlorite and then washed for 18 hours germinated somewhat 
better than the checks but not nearly so well as those given the. 
standard treatment (table 23)., . 

These results on the variations in the manner of washing the, 
seed indicated that washing itself is of very little benefit as far 
as germination is concerned (table 20). They did show, however, 

• 


• 


• 
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TABLE 23.-GcrmitlCltion of glmYltlt\ Jleed after beillg 1vaslted fol' 'VCt/·illl/.8 


pt.'1·iods prior to being r.oaked ill 80clilWt hY7)Ocltlol'Ue 


Sr(~1 ot hKllenl!'t! ileee.'lShtn 
IIlul strnln g\'rmllllttlng l 

,,~ ., ...," 'l'rrlttmettL 
~-.,,< .....-,-- ... "--"'-"-"-' a lao ,I-lOll 5-593 , 

.. , ... _---, '- . 
Perc"nt PC"~~III Pertel,t 

S~ed nut trrntt~1 (~heckl ....... " ......... , .. " .... , .... , ' ...1 18. 10 10 
S\~I washed 4 hour~. JI(lftk.~1 In sodium hrpoehlorlle ?,,~t\ltS,. , , • • , at 31 38 
Set'll waslted S hours~ sonked In sodium hYporhlorlta 2'I'QUrs....... .: 38 M 50 
Setd "fished l!l hours, BOHk,11 In sudlum hrJlMhlurlt~ 2 hours ••••• " " au 31 ,\0 
!I«ol washed 18 hoUrs. _k.~\ III sodium hYllOw!orlte 2 hour~••••••• '\ Illl 35 /j~ 
Sred $OHktd In sodltml hypoehlorUa :I I!ollf$, \l'lL'hed 18 hOur>! ........' !!~ !III liT. ... . . t~ --_.. 

• 

that the washing seemS to coni:lition the seed so that the sodium 
hypochlorite can more readily perform its function in increasing 
the number of germinable seeds. Thus, seed kept moist without 
an excess of water being present for 18 hours mid then treated 
with sodium hypochlorite germinated almost as well as seed 
washed with an excess of water for the same length of time prior 
to treatment with sodium hypochlorite. Seed had to be washed 
for 8 to 12 hours prior to soaking in sodium hypochlorite for 2 
hours in order to obtain maximum germination; treating the 
seed with sodium hypochlorite and then washing in water for 
18 hours was of little benefit so fal' as seed germination was 
concerned. 

~1"NNt:1I (W TIlf!A'n~(; WITII SOllllll\l IIl'I'OCIII.OUIl'& 

In addition to studies on the effects of variation in the manner 
of washing the seed, experiments were also conducted on the effect 
of variation in the sodium hypochlorite. portion of the standard 
treatment on germination of guayule seed, Whenever the concen
tration of the sodium h.ypochlorite solution is mentioned, the 
concentration of available chlorine in such a· solution is meant. 

Amonnt of Mdimn hypochlorite solution per seed.-It has be
come accepted practice to treat the seed at the rate of 4 ml. of 
the sodium hypochlorite solution per 100 s.eeds. In table 24 are 
sho\vn the results of germination tests on seed washed in water 
for 18 hours and then treated with various amounts of 1.5-perceht 
sodium hypochlorite per 100 seeds for 2 hours. There was no 
significant difference in the germination percentages of the seed 
soaked in the various amounts of sodium hypochlorite soluUon; 

TABL.: 24.-Gln'millatilln of Ullayulc sced washcclin 1VQtCl' 18 hmo's Iw/ewe; 
btlillY aoaked 2 hOl.II'{1in '1)(lriIl1l8 (0I101OIt{1 of 1 ••'i-l'C/·CC11.t socliwn hWlOchlotite 

SlI\'tl ~r Ilttll,\" ..d ~ccrs.<lon R,'c:<l, or lndlrJllrd. nccm\i\IQII 
lUMI strnhl gl'mtln~tin~ 1 Sodium l~rP<\chlllrlte n/ldSlrnln ~Crml!L1t1ng I 

per .tOO, s~c:<ls 
~"~'-!lrM3 !H;Oa -;~2:i":?'ii:I 
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however, when the amount~ used were above 4 ml. per 100 seeds, 
the seedlings showed indications of injury to the root tip~ and 
cotYledons. 

Length of sOltking time i1'f sod·iwm. hypoch!.oritc.-Germipation 
tests were carried out on guayule soaked. in 1.{5-percent ~odiufil 
hypochlorite solution at the rate of 4 ml. per 100 seeds for Various 
periods after they were washed .in water. Soaking the seed longer 
than 2 hout's gave no further increase in germination, and soak
ing 1 hour wns sufficiently long for seed of one accession Qut not 
of nnother (table 25), indicating that 2 hours of soaldng in the 
sodium hypochlorite solution will give as good res.uIts as can be 
expected" 

TABLE 25.-Gflrl/lillCttio)~ of gllalliliu .~elld· soC/ked jol' various 'periods ·in 
1.5-percMt sodium hypochlorite 

'ircd Ur Imllcatcd accession SCl'\ or Indlc"tl,l UCcc!"ilonTrl'''lmcnt TrCllflucnl
11111\ strilin ~crllllllnl\lIg amI slraln gl'rmlnnUng 

1-'~\1:~~t-~· '~~:r~~.. -'~:l~~~~ I~I':;:~~~~' -:',:-!~-,~!~-~:~.~-~~ _1_:1_-1_00__ 

1101/,. l'O'Nllt I l'ff'rrnl I1t1I11'AT't'r""11 ,l'rrrrllt 

to h("lr~....... I /if! I 4P' III 'htlllr~ .• ".... 4 roa H 

IS hQurs. .. .,,-.... 2 !is i lrt hl.mrS.... HP U 55 45
0/:; 

)1 hhlll'S.. .....:\ ~l!l! 4il ...__,"'~., __ t.,~"~_,,,~ .",,",, ,...,o __....i____"~__....:!...,___~,_,_".~-..!.___'____ 

1 No slgnlOenllt dlttll"""ell b"tw~11 lr~lItm(nlS. 
~ DtfTQnlnc~ reqilir~tl tnr si~nifi(,i~nc(' nt ll·,'erc~nt. 1t.~\'el* ·f llc..ce111" 

Concentration Of solution.-In connection with the treatment 
of the seed .it was desired to know not only what effect the con
centration of the sodium hypochlorite solution would have on the 
germination but also whether it Should vary with the length of 
time the seed had been stored. Inta~le 26 are shown the germi
nation percentages of seed washed in water for 18 hours and 
then soaked in variotls concentrations of sodium hypochlorite at 
variou.s periods after harvest. The germination of the seed 6f 
accession 14-593 was not affected by the concentration of the 
sodium hypochlorite regardless of the age o£ the seed. The seed 
of accession 1 fi-593. however, showed a higher germination in 
the higher concentr:.ttions until it had aged about 8 weeks; after 
that the concentrations had little effect on the germination. A 
higher percentage of the seed of both accessions germinated when 
treated than when not treated. Neither collection approached 
its maximum germination until it had been stored for 6 to 10 
weeks. (The drop in germination of the seed of accession 15-593 
after 16 weeks'storage coincided with a change in location of 
the seed laboratory at the time the tests were running, which 
interfered with the accurate temperature control.) The results 
indicated that after the seed had aged for 8 weeks treatment 
with a solution of sodium hypochlorite containing 1.5 percent of 
available chlorine gave as good germination as could be expected. 
In the resu1ts pl:esel1ted even 1 percent of available chlorine gave 
satisfactory results. However, results of other tests showed that 
often a 1-percent solution is not strong enough to give max.imum 
germination. 
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• 


• 
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fABLE 26.-Gel'minatiotl of gtH£Yldc seea of different ages 80akedi't 'lIal-iolUl 

CO)II)Cnt-rat-i'01l8 01 80dium hUpochlorite. . 

AccessIon. straIn. am ~.rUllnlltlnil whell ufated tndlated w~ks afler harvest 
Qf $odluOl ......

liYMchlorll~ S 2() 36 

lIlId concentration 

.., 0 2 _.., II '10 12. H 10 lH 28 32 
~ -- - - 1---H'~93: I'et. IJ«·t. Pet. pc/. Pet. Prl. Pet. J'ct. Pct. Pet. Pet. I·;i: l-'ct. Pet. 

NUll" (rh('Ck1.. .......,; .... ~ .. .... 7 0 11 10 !II ~O 20 B3 2ft 28 28 
1.perc~nt•••••• .3"- 3~ lJll 3S. a~ lH ~2 4:1 ·12 45 43 41 110 42 
1.Ij.percent.... :l2 M :H 4L :10 43 -10 ·12 41 .':', 43 45 40 36 
!l .. pcr(ent" .. t <!, .. 3~ 2!! 33 31 H 37 4L .1(] 42 40 43 46 40 H 
2~5"Jlereent ..... , 30 :II 40 ao :~K 32 31 -13 H 41 • 4:1 42 44 41 
8·1Icrtcnt~ <! ~ ... 1- sa 3~ 31 :\R 3S 119 a-l 40 H 42 38 3~ 4Q 40 

lil 1I0~: 
Non~ (eheek) .. 8 ~ S 1:1 ·~n 10 2U :\7 10 41 3S 34 .....•• •• t 

l"'l~rcent ••• .& ... 21 13 2!t 42 52 M 00 51 46 ~o GO H .. .~ ...... 
1.5 I1O perccnt ... ~ , !lO 17 2-1 >15 5-1 51 55 GO 40 55 ~3 63 ... ,"' ..... 
!!. percent l •• ;, •• 34 In !lR 55 liS 51 53 55' 41 5R GO M ..... ..... 
2.5·pcrcent•••• 33 2:) ~4 flO. 60 40 .. 9 56 ..g 6t 50 511 ..... ..... 
8·perC1:nt. '" ..... ·10 22 as 51 . 

< 

63 47 41 55 5t 58 54 58 ,..... ... ,.I 

• 

Washing seed in water fOl'18 hours and then soaking in sodium 
hypochlorite for 2 hours takes considerable time. Attempts were 
made to shorten this period by simply soaking the seed for a short 
period in more concentrated solutions of sodium hypochlorite. 
Seed soaked for only 50 minutes in a 5.25-percent solution at the 
rate of 4 m1. per 100 seeds germinated as well as that given the 
standard treatment (table 27). This short treatment has some 
value in e..xperimental work, but it is of little value from a 
practical standpoint. In handling large quantities of seed the 
di'ying process at the end makes up the greatest portion of the 
expense of the treatment, and it was found that it took as long 
to dry seed soaked for 50 minutes as that held in water for 20 
hours. This, coupled with the increased amount of hypochlorite 
used, resulted in. no reduction in cost of the treatment. 

TABLE 27.~Gel'lIdnatio1t of gllu.yule $eccl 80aked for variou8 U61'iods ill 
5.25-percen t sodium Ity /lucl! lO)'it e 1()itl! Olit previolts 1casl!illgin wcLte)' 

H_,,>'_' - , ......~,-.---•••-.-.--.---- -----~.---•.i-.,-------
S~ of Indlellted acccli$lon 

Tn'alOlenl and strnln gcrmln.1t111~ 

3-~30 4-100 5-593 ----,---- ---(-0--1--
Pcr;""t P{,Trflli pcrc(ll/ 

S~ soilked-Contlnued: 
40 minutes" ... Jo. .. '... ~. 30 !l4 49 
50 minutes ........ . 35 -10 52 

SI...~1 $tAlld.rd·tr~led •••• 36 ~1 53 

nl,\~r..:s IN COl'lcENTII,\TION OF SOlllO~1 II,YPOCIILOIIITt: DURING TIIEAT;\IENT 

• 
As a final study on the sodium hypochlorite part of the standard 

treatment, seed of 3 accessions was wa$hed for 16 hours and then 
soaked at the rate of 4 m1. per 100 seeds in different concentra
tions for different periods. The seed was germinated after these 
treatments. The amounts of chlorine present as hypochlorite and 
as chloride at the beginning and end of the treatments were deter
mined according to the methods of the Association of Official 
Agricultural Chemists (2, p. 78). The J;"esults of the germination 
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tests and the analyses of the sodium hypochlorite solutions. are 
shown in table 28. There was very little difference between acces
sions so far as changes in concentration of the solution were 
concerned.; so the chemical r.:na!yses Ilave been lumped together~ 
The results show that the 0.5~percent solution of available chlorine 
was not strong. enough to bring about maxImum germination of 
accessions 3-130 and 4-406, arid possibly 5-593. They aiSO indi
cate that the 3~percent solution waS not too strong for these 
particular accessjons. The germination of the seed soaked for 
2 hours in the solution with 1.5 percent of available chlorine did 
not differ significantly from the highest percentage germination 
obtained with any of the acce$sions~ indicating again that such 
a treatment was adequate. 

TABLE 28.-Gcfmiltatiou of OltaYltl1,l /Iced tr6ated in dijJ6tent conccntration8 
of sodilUtI hypochlorite for 'ViU'lOIlS periods and changes in composition of 
the l/olutiQlt during treatment" 

!;c~d Q( hllll~atcd ncc~:!..lon nnd strain gcrmlnatlng after trcatmcnt lor 

Indicated Ilcrlod (hours) 


('ull~~l\tr"tloll ut ~o11111011 
 ,.,~~-,."",~-~,-

{IIVllII"hl" chllirl nc) 
3-130 ~-I06 5-693- ... ~.... 

2 	 4 6 2 4 '8c 2 4 6 . 	 ,","" ..".....- -	 --- 
J>~rccllt l'crreJlt I'(/'('("t "~.,.rellt Percn,t l'ore':1I1 I'crrcnl Percell I Peroclll 

O.54-I\crc~lIt ...... . .... "'* •• 30 32 3a a.I 29 ag 47 49 45 
1.u:;,.p.;rCl'ut ... /I ... ~. ~ , .... 11 • 39 40 as 3S 34 34 50 51 52 
:1.1Q·p~r~cnt ..... .. .,,;. ... ~. 30 ~!! 31 40 40 • 41 45 50 5~ -	 •

~-

ChlorInc 	us sodilim hl'llQchlorltc Chlorine as chloride 
Ilcr 100 $cetH Per 100 secds 

I'Mr~1I1rutloll Qf solullon 
Arter trenlm"nt for Artcr trelltmcnt for(Ilrlllt"bl~ chlor1ne) 
Indl~nted pcrlod . IndIcated pcrlod 

At &Wrt (huurs) At swrt (hollrs) 

2 	 4 G 2 4 6 
~, ""'~---	 -~-

• lCD. 	 .11". . It". .If". .ltO • ltO• Mg • Mg. 
1l.:H 11l'ICl'lIt ••••••• ,........ 10.8 1.1 0.8 0.1 0.8 111.2 15.4 15.0 

t, n5~11t'rt:etlt "1" •• "". .J> ... ~ .... "- 30.S 9.6 7.2 U 21.6 38.0 43.!) 

~ ~3.1Q·llcr<::1I1 ...... . .... ., 61.6 21,0 21.2 .13.2 43.2 75.2 au' '''0'0.0'' 
.

1)~~rMs~ 01 chlorine II! sodIum TucrCIIse or chlorine I\S chlorldo 

h.l'pochlorll,· per 100 sc<'ls dur- ller 100 seeds during trent

I'lIllWllrlltiol1 ur SIllutl~u lng trclltmcllt for Indicated ment lor Indlcatcd period 

(ltV3!1"blc elllorIne) 11CriOlI /hOllr~I (hollr.') 


.. 
2 .( G - 2 4. . 6<._

•lIp. )lp• ltg. .1[0. .1(g. Mg.
t 

1).:li·p~rrcQi ••••••• ...... ,,'1> 0.1 10.0 lo.t 8.4 8.6 8.2 

I.M·llcrcclll ...... . ........ !.!t~2 2:1.~ 26.0 16.4 21.4 ." ...."0 .. ,.. • 


:1 I n.p.'rCI·'lt ...... . .. -..... ai.6 40.~ ·18.-1 32,1) 40.0 46.8 
-. ~ 


~--.----- ---- --
The results of the chemical analyses indicate that after being 

in contact with the seed for 2 hours practically all the sodillm 
hypochlorite in O.5.:percent solution was broken down and that in .• 
all Of the strengths used most of the loss occurred during the first 
2 boul's. It can also be seen that the more sodium hypochlorite 
present, tht; more was decomposed when in contact with 1QO seeds. 
Theincre&se in.. chloride chlorine accounted for approximately 
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90 percent of tM los~ of the chlorine in the sodium hypochlorite. 
At the end of the treatment there was no difference between 

th,e chlorine contents of solutions exposed to the different acces
sions. About 50 percent of the seed of accession 5-593 germinated 
in contrnst to about 35 percent of that of accessions 3-130 and 
4-40G, This indicates that the amount of sodium hypochlorite 
used up in t\'eating is not related to the number of viable seed. 

n:~II'~:n"1'UIU: 0.' DUrING A.-rim TR~:"Tl\II\l'/T 

After the standard treatment seed of three different accessions 
were dried at Vl\l'ious. temperatures to determine how high they 
could go without injuring the seed. Earlier trials had shown 
thnt drying at 400 C. did not injure the seed; so this was chosen 
as the lowest temperature in the tests. Seed dried at 55° and 70° 
did not germinate as well as that dried at 40° (table 29). There 

'fAULIol 21>.-G<r)·minMlon of gltf/'yul~! soed altol' dl'ying at variou8 tompol'attwos 
.- 

SI'cll uf hldlested IlceclIlllun Need of hllllclllCllllccc!;!llult 
('lllld\lh)lI~ IlC tln'lnK (0 C.) und. Hlfuln RCflllhullhlK CUlllllthll'~ or drying (0 C.) /11111 81rllill RCr!lIllIntluR 

a-Iso 1 4.406 1 G-5Ua 2 ~i:1O 1\4-400 ~ ~-~9a 2 
~" --, ....~.,.,..,--- ~.-- ::---- - ......"""~~--~-'" --.--r 
40 

Jlf'I't~(lttt 1'1""'0" })(J'(lfflt j'cI'CCI// l'c/'Ct'1I1 l'crc~lIt 
0 • !Ii! hours.. iH ••• H ~ 30 37 M 450• 12 hours; al'eu rllOIll 

40·, 6 hours; -16", 6 (!l0·). 10 hours ...... 30 41 53 
hour~; 50·, 10 hOUfs." 35 ao 1i2 1I0 Q , 22 hOllrs~""~l"'" 34 33 40 

40". l~ hours; apeil rllom 50°, l~ hours: open rooUl 
(~O"). 10 hours ....... $8 41 G2 (20°), 10 hours ...... 31i " 31 02 

40·, S houm 1111°, 17 55° ~ 20 .hC;Jl'(~~"'" It. ~ ... ~ •.• ,It •. ., ..... 42 
hQurs ••••••••••••••• ........ ." .... ~u \15°, 3 hOUfS;. 10·. 17 


·10·, 3 hours; 5~". tl hours .,. •••••••••••• " ........ _,.,'ll 42 

hOllr$J ro·, U hours, •• ·\2 jOg t .20 hours ••• t ••••• ,. ., .. ,.. " ..... ,. 12... ·s·(~i·' ,. '..\~"·UiQ_ 22 hours. Ill'"""" 49 70°, 3 hours: 55 0 , 0 

hours: 40 0 , Jl'hour, •• , ~ • ......,. 31•••• Ii . f"~~"' 

1 No shrnltlcnnl dlffercnce b~lw"cn trcntm~nts. 
2 DlIrul'cne~ rO(llIh'cd tor ~llInlnellne\l nt 5-parecnt level. 5 percent. 

was no significant difference between the percentage germination 
of sced dried at 40°, 45°, and 50°, However, fewer seed of all 
three accessions dried at 50Q for 22 hOUl'S germinated than of 
those dried at 40°. Although this difference was not signliicant, 
it may indicate that some injury did occur at 50°. The results 
taken as n whole indicate that in drying the seed after treatment 
the temperature should. not be allowed to rise above 45°. 

l'REATING AClIENES ALONE 

The foregoing sections have considered variations in the manner 
of treating the achenes plus florets. Achenes alone germinate 
without treatment if aged for 6 months or more after harvest 
(table 11). The germination of unaged achenes dissected from 
fruits of accession 5-593 when treated in various concentrations 
of sodium hypochlorite after being washed for 16 hours in water 
is shown in table 30. Treating theachenes increased their germi~ 
nation, the 0.5~percent solution of sodium hypochlorite giving the 
bighest germination; more than 90 percent of the filled seed 
present germinated. Thus, if it is necessary to germillate'achenes 
alone before they have aged 6 months, they can be made to germt
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'!'ABLE :lO.-Germination oj j.1·/lshly extracted gna'Y1tieaclwnes 0/ a,ccessio'll 
5-59.'1 ~t!(I,8hecl ,in water j01' 16 hQw·.~ and the1~ soctked in d-i.fjel'cnt concenf,1'a
tions 0/ sodilt/n hllPochlol'itc (4, ?nl. pCI' 100 achenes) /01' 2 hom's 

----------------------~A-c1-!tn-es-,~-----------------------,-\c-he-ne-s-
Tr~lItment germinating t l'relltmellt gcrmlllllUng 1

·,--------------,1---1 --------------1--
IJCt'acu~ l'el'(Offlt 

Sc~d nut 1I'1IShCIl or sOllkl'd (ch~ck),.,., 38 ~cl,1 treuted wltll sodium hYlloehlllrlte 
8tH!tI wll~hctl In wutl!r I~ hours •. ~ •••.• , -It ultcr !IC!ng WlIShl'!-Continucll: 
s.,,! lI'clll~d with sodium hypochlorite O,1r.-llerceut ................ • 

ilftl'r belug wlIsh<d: l.OO-percent , ............... .. 

O.2a"lI~rCl.!nt •• ~ • ~ ........ ( •••• , •• I 1.50-11crccnt .,', .••..•...• , ••• 

G.uQ·,hH'ccnL ..• •.•••...••. ~ •••. t It 

1 Ditre <'lIce rCllull'cd (or sJlI'niflcnncq at 5-11Cl'C~\It level, 5 percent. 

nate by washing in water for· 16 hours and then soaking in a 
solution of sodium pypochlorite containing 0.5 percent of available 
chlorine for 2 hours at the rate of 4 m1. per 100 achenes. 

{;ONCLUSION FItOi\l STUDIES ON VARIATIONS OF STANDAItD TItEATMEN'r 

The various tests and experiments described in the, section on 
Sodium Hypochlorite Treatment indicate that any v.ariation from 
the standard treatment will not increase the gel'mination of 
achenes plus florets and may result in a decrease. Likewise, inas
much. as 90 to 98 percent of the matured embryos, or filled seed, 
germinate after application of this treatment, there seems little 
possibility of finding a better one, 'although a cheaper and les;! 
troublesome method is desirable. 

If time is not .a factor, th3 use of achenes alone that have been 
'stored for 6 months or ache'nes plus florets produced in certain 
climates and stored for a ye'lr will make it unnecessary to use 
the expensive standard treatment to obtain germination of more 
than 90 percent of the fiUed seed. 

ClIARA«TERISTICS OF SODIUM HYPOCHLORITE RESPONSIBLE. FOR 

ITS EFFECTIVENESS 


The results of the inv,estigations on the standard treatment 
indicated that washing the seed in water prepared the way for 
the sodium hypochlol,'ite to perform its function more readily. 
Solutions of sodium hypochlorite have a lower surface tension 
than water and are excellent sterilizing and powerful oxidizing 
agents. Because anyone of these characteristics might he respon
sible for the increased germination, experiments were set up to 
test these possibilities. 

REDUCTION 0.' SUR.'ACt: TENSION 

It was argued at one time that, the r.eason for the increased 
germination with the standard treatment was that the washing 
softened the variouspa'rts of the fruit and then the sodium 
hypochlorite solution, with its lower surface tension than water, 
allowed easier uptake of water by -the fruit, so that the enclosed 
embryos absorbed sufficient water to germinate. This seemed 
unlikely because it was found that soaked fruits absorbed as much 
water in 4 hours ~s in 24 and the effects of the treatment per

• 
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• 

, 
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si$ted after the seed was thoroughly dried and had been stored 
for several months, However, if this hypothesis were true, soak~ 
ing the seed in a solution of any substance that reduced the surface 
tension of the water should increase. the. germination j therefore, 
guayule seed was 'soaked for various periods in different solutions 
of Vatsol OS. None of the treatments (table 31) with material 
which reduces surface tension caused a significant increase in 
germination of' the seed above that of the check, These results, 
together with the arguments just presented, indicate that the 
beneficial action of the sodium hypochlorite is not the ~. .l.ldirect 
one of reducing the surface tensioll of the water and thus a1lowing 
the seed to take up sufficient water to germinate, 

'l'ABLEl 31.-Germiluc,tlolt 0/ guayule seeel tre(cted with l'a(sol OS i'n d-i.tt'el·~1tt 
solutions fo)' Val' jolts periods 

S~ed of Judlclltcd ~cccsSlou Seed or JwUcllted neefssloll 
111111 stI'lIhl ~crmllllltlllg.1 111111 stnllu germlnlltlng 1 

20-,\0i' 

S.~cd n\lllrclltcd (check) •• , 
Seed ~tl\lllllll'd-IrCull,1 ••• ,. Seell sUilk~(1 tn water 1 S 
Se,,1 lIilltkcd III WilIer 20 hours 111\(1 In O.il·lIl!rccut 

hOUf!oi • j •• ~ ~ •••• til \'lItsul U~ 2 hllln's .••• , 2i 21• ••• \ 

S(',!(I ~"I,k<~1 In O.Ii-llcrcclit Sced sO:lkcll III \l'IItl'r 18 
"II[sOI liS solution 20 honrs IUld 1n O.I-IWn,cnL 
hours: ." .. ~ t ~ • \ ••••••• 12 to \,:\Isol OS " buul's •••• , 1il :IS 

$.{!ctl soakl'tl In O.l"lwrc:~nt, SI!cd sot.ked in wutl!r lS 
\'lItsol OS solution 20 hOllrs ~ 111111 hi 11. 0 I-pcr
hours ............. .. 20 CClil Vo1/~ol OS 2 Iwllrs, IS 35 


Heell ~(lIIkcd In O.Ol-pcr
CCllt, Vat~1I1 OS solution 
20 hours •• , .... "- "- J ..... ~l 2S 

-------------~------~----~--------------~----~-------
1 Diltc\'e~ce r~qui\'et1 for sillnificnnce nt 5-1le"cent level, 8 percent_ 

StERILIZING ACTION 

\Vhen untreated achenes plus florets are germinated between 
blotters, they invariably become covered with a fungal growth 
in a few days, This could prevent germination by destroying the 
young seedlings before they had· eome through the fruit coat. 
Solutions of sodium hypochlorite are excellent sterilizing agents; 
and when seed is given the standatd treatment, this fungal growth 
does not occur. It seemed possible that at least part of the benefit 
of the sodium hypochlorite treatment resulted from the steriliza
tion of the seed. Guayule seed of accession 5-593· was given 
standard seed-sterilization treatments, and the germination was 
compared with that of ,seed given the standard treatment. In 
this experiment mold appeal'ed only en the checks. None of the 
seed given the standard stel'ilization treatments germinated as 
wen as those washed and then soaked in sodium . hypochlorite, 
although treating with two of the sterilizing agents increased the 
germination, to a significant amount above that of the untreated 
checks (table 32). If the form8.Jdehyde treatment had increased 
the germination, it might be argued that the fungal growth on 
the seed had reduced germination. The failure of this treatment 
to increase germination cannot be ascribed to ahy injury to the 
$eed by the formaldehyde offsetting any increase that might have 
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l'esnlted from sterilization, as seed treated with formaldehyde • 
and then given the standard treatment germinated as weil as· 
those given only the standard treatment. Furthermore, achenes, 
on which mold growth rarely develops, have·to be treated before 
they will germinate. Also, embryos disse~j;f:;. trom untreated seed 
that had been covered with mold for at least 15 days were intact 
and germinated promptly when given the proper treatment. All 
the evidence obtained thus indicates that the sodium hypochlorite 
does not increase germination by sterilizi'ng the seed. 

TABLE 32.-G6I"Ininctl:ion of gltl~yltle seed of accession 5-598 h'eated with 
, various stc"ilizing agents 

Seed ger- ~e,'tl ger-
TrcatmellL Treulm«nt minuting 1mlnathl~ 1 


" ........, l\ 


:l,,~1 gllaked In 2·per",..,\lt rormah1chyd~ l'frrrll/ SCl~1 S<lllkl~1 Itl O.2·llerce,itl mercurlc chlo- Percent 

10 minutes 16 I'lde In etMnol 1 mln~tc•••••••••••• aO 


He,,1 soaked In •O:I;e'r~~I;t 'c~i~I;I~; 'I;Y~:' Seed standurd·treutl'(\ ••,'••••••••• , •••• 48 

'I" nOl (check) .••, ......... 
~chlurlte 20 minutes .. ,. "' ... ..... ~ "' ... -, S."I treated Ii 

1 O:tTcr(!llce rcqulrl'tl tor ,~iA'nificanc'l at fi-perccnt level, 8 percent. 

OXIDIZING A(''TION 

Sodium hypochlorite in solution can break down in at least two 
ways; viz, one liberates oxygen according to the chemical equa
tion:' • 

2 NaOCl = 2 NaCl + O2 , 

The other, in the presence of an acid (carbonic acid is strong 

enough), liberates chlorine and oxygen according to the formulas: 


2 NaOCl + H ZC03 = NaZ C03 + 2 HOCI 

2 HOCI = 2 HCl + O2 ' 


HCI + HOCI ==; H 2 0 + C12 • 


As there is sufficient .carbon dioxide in the air to create carbonic 
acid in the water and as. the seed extract itself is acid,bothreac
tions probably occur. Chlorine and oxygen are very powerful 
oxidizing agents; therefore, the action of sodium hypochlorite on 
the seed might be primarily' oxidation and not related to any. 
specific property of chlorine. If this. were true, any oxidizing 
agent should have the same effect of increasing the germination 
as the sodium hypochlorite. ' 

Hyd1'ogen 'pe1'oxide c01npa'red 'with sodium hypochlorite.
Experiments in which hydrogen peroxide was used instead Qf 
sodium hypochlorite were set up. These tests were carried out 
at different· times, but the results of all are given in table 33. 
The seed was. soaked in hydrogen peroxide at the rate of 10 ml. 
per 100 seeds for 20 hours. All of the accessions so treated showed 
more germination than untreated-seed and that soaked in water. 
for 20 hours_ Germination of Seed of all but one accession when 
treated with 1.5- or a-percent liydrogen peroxide differed little 
from that of seed given the standard treatment. These results 

. showed that hydrogen peroxide can take the place of sodium hypo
chlorite in treating guayule seed and indicated that tp.e action of 
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th,e 	latter in increasing germination waS not 'due to any specific 
• 	 aetiol} of the chlorine. . .,

It IS known that once the seed IS treated wIth sodIum hypo~ 

chlorite it can be dried and stored almost indefinitely without 

loss of the effect of the treatment. None of the effects of the 

hydrogen peroxide were lost wh(ln seed of four accessions was 

treated with .1.5~percent hydrog(ln peroxide, rinsed, and then 

dried at 40° C. and stored for 14 days before being put to ger~ 

minate. This is further evidence that hydrogen peroxide can 

fully replace $odium hypochlorite in treating guayule seed. 


TABLE 311.-Gerlll'inatioli. of different acclJsmolls 0/ guayule seed aftel' stand· 

ard treatment ami h'eatmellt with hydrogen peroxide 


'-------,------,-,------------ 
8,...'11 uf Indlc:alcd uetcssloll And struln germhUllllIg

Tr\llltnoellt 
a-Inc- 1 4 ~(jl\ lij-il!l:l' 6-1011 1-MI::' s-sn'j 9-il93 , 10-59:1 ~------1---- -~-I___. --' -- --- _
"((cent l't!r('tut "erctnt PrJ'N'lI' "(,N'. U" l'err~t"t l'cr('t'uf PcrCf'1ll 


St".t lIot trMtClI (cl1eek).".,.... 22 10 24 2:{ 21l! 4 23 20 

ll«'<l !I<I~krd In 'rater 20 hours,,"',. 24 15 31. • ...... • ...... 

Secd slaillt."t.lfcnted ........... 31\ a,1 l\O • a~" .,:{r" . it . 'in • 2~'''' 

Seed i«)~~cil I" bydr('~.11 (ler\)~hf. 


20 lulUu! 

5-1'trc:ent ~ ••. "" 10 " " .. '"' ..... • .. .. .. " ~ .... _" ~ ~ • '" t ,,~ "" '"',. .. " • ;11 33 T 23 26 
:t"~!rcent ....... ,,". ~ • " * " .. " .. ~:\5 ai ·1 ~ 3f) 30 (j 20 28 
1."'·pcrecnl ...............:H 	 2R
:1·1 ~a 3" 36 11 28 


!iel'tt soaked In Ui·petc.nt Ill'(lro
~.n Dero~lIle 20 hQI,lrS. rln~<'tI. 
 I 

• 	 I ~~~~ ..:.~?~.?:....~t,~~:~~.~~ ........I ....... ! .. ' .... 1 3i 3; 2r- 25 


1 Ditterence required Jor sh:nificllnce at S·uer.e"! level. 7 p"recnt. 

~ Ditterenc" l""'lulred ror i!hmlficanoe nt 5.perCCt.t level. S percent, 


Othe',. oxidizing agents compared with sodiwn hypochlorite.
If the action of sodium hypochlorite is one of oxidation, then 
treatment with l\ny strong' oxidizing agent should increase the 
germination of the seed. Guayule seed was ~reated with different 
concentrations of many oxidizing agents for different periods. 
In table 34 is shown the highest germination percentage obtained (i 
with each agent and the treatment used. For example, s~ed was 
soaked for 1, 10, 20, and 90 minutes in each of 5~, 25-, 50-, and 
95,.percent solutions of sulfuric acid. Soaking for 1 minute in the 
95-percent solution gave the highest germination, and this per
centage is given in the table. When oxygen gas was used, the, 
volume of gas at 60 pounds' pressure per 100 seeds was twice the 
volume that could be liberated by the complete release of oxygen 
from the sodium hypochlorite surrounding 100 seeds in the 
standard treatment. The tests were carried out on seed of the 
same accession at different times after the seed was harvested. 
This accounts for the differ,ences in the germination of the checks, 
especially of accession 14-593, and is the reason the germination 
of the un,treated seed is given for each experiment. 

Seed treated with calcium hypochlorite germinated as well as 
• 	 that treated with, sodium hypochlorite. This was to be expected,

as McCallum (8) used the calcium compound when he first devel
oped the treatment for guayule seed. Potassium permanganate 
was also tried, but it proved toxic in solutions as, dilute as 0.1 
percent. 

http:Ui�petc.nt
http:bydr('~.11
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TABLE M.-Ma::ci111l0lL ge1'lIIimttion qf guayulo seed obtained when h'eated 
with 'l,lu1'ious oxidizing agents (pOI'Ce11t) 

Seed of IndiCAted accession and strain germinating •
O,ldlz\n~ IKent after rccelrlng Indlcatcdtreatmcnt 
lind treAtmenl 

6- I 7- Lg... I 1)- I 11)-1 lq- I 13- I H-I 15-1 2()" 123
~OO 593 503 59:! !i93 593 ~Ofl 50:! 503 407 400 

"",.>,..",~-- ....-...-",,-- "-' SCl>d washed In water 18 hours: soa~ed tn I.G-percent NJlOCl 2 hours: . 
lHKlhlll1 h)'J'lldllorltll: 4 mI.. per 100 seeds 

~~~: ri;'lt~f'!~dlit!~~;lil~,'I::::: ~~ I ~~ I I~ I 4b/ !r I ~~ J ~~ I ~g I g~ I ~~ \ :g 
SCl'lllfllShed In water 18 hours: sOllked h~ 1.5_pcrcent Ca(OCI12 2 hours; 

l'ulchlD! h.I'Po~hlorltc! . 4 mi. (ler 100 seeds 
~ecd not trc.teIL ................ I.....\.....j..... \..... I......'..... \ 2r.\ ...... \ S3\ 21 


ccd treatl:<l as de~~rlhl'!"'" ............................................ 14:1 ........ 143. ~43 
Sel~' washrtl In l"lter 18 hours; soakl:<! In 1.5-lIerccnt llCIO~ 2 hours; 

l'er~hlurl~ nchl: S tnl. per 100 seeds 
S"I:<I not trented ............ " -"I· ..·.j..... -I· ..··1.. ·· ..\......\- .. " ·1 20 I 33\•••• ·1·· .. . 
S~"CII trentell as d~scr1bl:<l ............................................ 141 244 ......... . 

S~,I 1r11.\!.wllln \mte~ 18 honrs: soah'll In 1.0-percent llNO" 2 hours; 
NUrl~ acId: . 10 hit. per 100 seeds 

Sel:<l not treated .......... " .... :1.....1 ,.01 ....1•••• ;.\......\ 251...... , 261 20..... 4..... 
Sel" trcatl:<lns deserIl1'.l..... =,~_"" ...... .J ...................... 130 ...... 145 233 

Sel.1 ,oakl:<! 1 minute In 05-pereent 11280.1: 
Sultllrlc add: • '" _ 10 hll. ucr 100 sel:<ls 

S,·"I uot treat"d ................. t.... I..... ~ ..... I......I..... I......1 25\ ......1 271 20 
Sl'~d Irento,1 M dcscrlh"I ...... '-!.!,!...! ......... J.................{.•.••. 232 ...... 234. 228 

S,'I'd \\1Is(I,,1 In WilIer IS hOllrs; soakl:<l In O.ij·(lercent K2Cr207 2 11Ours; 
I'ola.sllln! dlchron!ate! _--;.;4:..;m::.;I,,-.FJlc:;.:.r~Ii-00:;...:;;$c:.::.l'.""ls;..,---;;~_-;-_-;-~ 

8.<,11101 tr"nted............ :::~I;'~;: 1::-:7:""j· ..... , ...... / 2:1 I 10 I 0 I· .. ·..\ ..... , ... .. 
Seed Ireatl:<l n~ dcsrrllll,l ..... ~.::!.ri:.:......:..:~ ............... 247 2~1l =UI ............. .. 

Se,'. soaked In Q.!j·pereent solution of KNO!, for 20 hours; 
1'l]tll~slulII. nitrate: I{] mi. per .1 00 sccd~ 

S~~~l lnaten()~ I!fal~l~i:·.y,
!Sertl"'"

..l .. •••
.• 

.. 
.... 33 .•• ··· ,5, ~ .....

::.r::::·-I·:-.:·:·(·
..... .......... 

... ·I,..... 
........... 

\··.· ..I·.·· 
..... 

..\ ~~\"""I
". 

2Il..
I~ .., 

. S\~-;;r;;·;~~'~lO hours; plne!d In ll~ ~11.' GOpountls' (lre.~sure 

oxr~~~:...1 nQ~ tn.a.lc'I ••••.••••••• · .. l~IT·T613-I-r·I·· 15·1·2·~:~~1~ .. ··'· .... ·1· 1......\ _....~:n~~~.::h:s~~I~~::: ..~_1It i 2t 21:..:-~~ ........ ''',' ................... . 

I TheaI' vl,h'c~ <1o tint" <lilTe!' silrllificantly from those of the sodium hypochlorite trentJ;nent. 

2 The~Q "nlurg nr.'· shmlllc1lntly hillhcr th'''' those (If the checks. 


Seed treated with sti'ong oxidizing al{ents. such as hydrogen 
peroxide (table 33), perchloric acid, and. nitric acid, germinated 
as well as those treated with sodium hypochlorite ; and seed treated 
with sulfuric acid and potassium dichromate germinated signifi
cantly higher than the checks but not as high as those given the 
standard treatment. No significant benefit was derived from 
treating with potassium nitrate and in only one instance was 
treating with oxygen gas beneficial. In general, the stronger the 
oxidizing agents used the greater the benefit to germination. 

End IJ1"oducts fmm decomposition of hypochlorites.--In a: solu
tion of sodium hypochlorite or calcium hypochlori~e, hydrochloric 
acid and sodium or calcium chloride are formed aitd remain after 
chlorine and oxygen have been released. Tests. 'were carried out 
to see whether these compounds alone would. affect germination: 
Seed of accessions 14-593 and. 23-406 was washed in water for 
18 hours and then soaked in various concentrations of sodium • 
chloride and calcium chloride for 2 and 4 hours. Treatment of 
seed of ac,:cession 23-406 with calcium chloride resulted in a 
barely significant increase in germination over that of the checks, 
but this increase was nQt nearly as great as that resulting from 
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the standard treatment (table 35). Treatment with sodium 
chloride was of no benefit . 

S.eed of accession 20-407 was treated with hydrochloric acid in 
different ways. When soaked in a 0.5-percent solution for 20 
hours or for2 hours after being washed in water for 18 hours, 

TABLE 35.~Gf)l'mination of guayule sccd washed. 'ilL water for 18 hou,.s alHl 
thell, soakorl ilL sOluttOR of SOClilWL chloride 01" calcimIL chlo'/'idc 

lit't,1 or 1"'II~ulL'II accc$~IOIl Secli or 1",lIcllt"lllCCc.~slnll 
1'rctll111CnL Tre.tlmclIl:ulIl Klrllill germinating allli ~lruht KcrmhmUug 

14~:;93 1 23-100 ~ H·r.n:ll 23--1011 !!. 
·~""H.'''.___>'_''_ _M+"..-,._....,._.....,... _"' ......-. 'r#~_....~'".- 1--"_

1:"lcllllll dllllridu tor 2 hours: I-cr'cellt Pel'ceut' Sotllum chloride (or ~ liour$ , J·C,'(lcut l'~rfCllt 
l"'l)~rccnL.,. *', ....... ~ .. !!!! !!G --CouthluL'<I: 
,2"1)en~cnt~ .. iI' , ... ,. •••' 2l 22 3.J·,H!rCcnt .. ~ ~ ......... ~ _• 20 2!l 
a.li~"erl"Cnl .. ;. .... ~ ~ ~ • t 20 '.!l tJ"llcrCcnt .... ~ .. ,"" "' ........ 16 
ii"Pert:~ut ... l ..... l .. t • '" • 24 20 ;"lwrl..~ttl•••• ~ ~.~'" •• 12 IIII' 
1-1)Crce,nt. .. ; ......... , "' 16 :Ill SIl~lunl ~hlorlde rur 4 huurs: 


t'.llchllu chlorIde ror 4 Il\Iur~; l-l)CrccnL •• ~ .. "'. ,"" ~ " Ul !!O 

t"lll'r~ent". _..... ., .. "' * 20 20 !l~J)~r\!ent, .. It jI 11'" ....... U 21 

2"pcrcellt .... t'l"" ~ ...... lG 2l 3.5 .. perc(!ult ........ t •• ., I;' III 

~~tti·perccnt. H l .. til" ~ IS 27 (i-vereen!, ........ , ........ I. Hi 

ti·percl!nt~ ~ \- ......... , ~ 21 20 7.percclIt.... " ..... H 14 

r..vcrcl.'ut •••••'....... 24 23 "'uter r,)r "20 hours ~ ........ ].I 20 


81111hull chloride ror :I hours: Check ...... l' t ~ " " .............. " 20 2'~ 

L.. l1erccnt ............. " .. .- IR ~O !ltllll,I:,,,\ trclllulcnt "' ......... 3i 31 

2.. pcrcent .. ." .... , ., .. ~ 15 20 

1 Sotlhun. chlorillo trelltment& not shtnificnnlly dilTerent from checks. 
2 Difference rQ(JlllrL~1 Cor !Ihtnlfirnncc n~ G'llercent level for cnle!\lm chloride trcIltn1l'nls • 

Ii percent. 

it germinated slightly better than the checks (table 36). This 
increase, though just significant, was not nearly as great as that 
which resulted from the standard treatment. , 

All of these results indicate that the action of the sodium hypo
chlorite in increasing germinatiop; of guayule seed is' due to its 
oxidizing- characteristics and is not related to Its effect on surface 
tension of solutions, to its sterilizing action, or to any of its 
decomposition products that remain after the oxygen and chlorine 
have been released. 

TABLE 3G.~Gcl"/lIi1Httio1i of guayu[c sced of accession 20-407 aftCl' t1"caf:llwnl 
with hyd,·oohloric. acid 

S"~I gcr S~cd RerTrCRtnlcnt ",lnnUn~ 1 mlll/l1(I1~ 1 

I'('rcrlll l'trcri\t 
SC~,i rIOt trent..1 (chL'<:kl ........... .. 19 /(cl,1 soaked In arid 20 hours: 

.Sl'CIl wllshed Itl water 20 hours••• ; ••••• Ii O~r. ..percent- .. ,.. ~ , '" ........................... " 20 

Sl't'll wR..hed In water 1$ hour~. soaked 1-percent ......... ~ . ,. .. ~ .. ~" >I " .. " '- ... ~ 20 


hI add .2 hours! 2..pcrccnl ~ ................ ~ .. i ...... " ... .. ~ 10
t 

O.5...pe.rcent ............. ., ............... ~ .... .. ·I·pcr~nt ................ •••••. I 

I-percent ~"."!,."""".",,,.,,~,~.* lie,,1 slnmlan(.trc!I((·" •••••••••••••••• 45 

!l"perC1.'nt. .. "' .. + ..... ~ +,. "'.,. .... ~ ....... . 

....pereent ........ >t ...... ., ........ ,.. .. . 


1 Ditleren(() req\lired Cor stllnincnncc. nt 5-llerccnt level.• G percent. 

PRECHlLLlNG 

One. of the common. ways of obtaining the· germination of dor
mant seed is to keep it under otherwise favorable germination 
conditions but at a temperature of 4° or 50 C. for various periods 
and then to allow it to germinate at favorable temperatures. 
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Three lots of guayule seed were prechilled for various periods. 
Seed of accession 2A-593 and 26-593 was freshly harvested,. 
wherens that of accession 14-593 was 1 year old at the tbne the 
tests were carried out. In no case did a significantly higher per
centage of prechilled seed than of the check germinate (table 37).
With two of the accessions a lower percentage of prechilled seed 
than of the check germinated. These l'esults thus indicated that 
pl'echilling for as long as 60 days is 0.£ no value in·inducing ger
mination of guayule seed and may be injurious. 

T;\BLE 37.-Ge1·minat·iolt 01 gltayltle seed -pi'6chilled at 5· C. /01' varioull 
pCI'iods 

Sc,,1 or IlIdlcutl,1 3cc~""lolI Sl'l'll of Indicated accession 

I'r~chmln~ Ilerty!1 l.'t~chn\ll1~ period
RllIt slmln gctDllnatlnK und strain germlnAtin& 

2A-[iO:l 1 14-Gn3:! 26-(i93 3 -----1--
,I'cree,,' I'or.cut Perce"t 

1l0. d~ys ........ . 12 13 3 

,6Q d:tY~ ........ . 114 
od.y (5torfll tlr), IIII room ror 30 dll¥S) 2R ; .................. . 

1 Dlffer~nce· required for slu:nlficance at 5-pe'C'Cent level. 6 pel'cent. 

!/, Dltr~rencl! n-Qulred Cor SiKlllficRnce at 5·pe.rcenl level, 8 percent.

3 No slgnlflcant difference between menns. 


CHARACTERISTICS OF GUAYULE SEED RESPONSIBLE ,. 
FOR DELAYFm GERMINATION 

The discovery that treatment with certain strong oxidizing 
agents results in the loss of dormancy ofguayule seed, especially 
after the seed has aged for 8 weeks, raised the question as to what 
characteristics of the guayu.le seed are altered by this oxidation 
so that germination occurs .. The failure of a seed to germinate 
under abundant air and moisture conditions is generally ascribed 
to two important features; (1) An embryo that requires after
ripening or is not mature; (2) a seed coat that is impermeable to 
gases or water or is so hard that the enlarging root and shoot 
cannot break through it. A third possibility has been postulated 
for guayule: under conCiitions favorable for germination, the 
sterile florets, bracts, and fruit coat surrounding the embryo 
give off a substance or substances that inhibits germination. IS 

Tests were carried out to determine which of these factors is 
responsible for the delayed germination of guayule seed. 

GERl\lINATION-INHlBITING SUBSTANCES IN ACCESSORY PARTS 

If a germination-inhibiting substance (or substances) is pres
ent and active under germinating conditions, it should be extracted 
by soaking the fruits in water. Table 38 gives the results of 
several experiments conducted to determine the effect of water 
extracts from florets and bracts on the germination of guayule • 
seed. The seed was soaked in these at the rate of 10 ml. .per 100 

t3 MlRov, N. T. REPORT 'ON GERMINATION OF GUAYULE SEED. Silviculturist, 
Calif. Forest and Range Expt. Sta. Rpt.to Guayule Emergency Rubber Proj. 
1,942. [Unpublished.] 

http:guayu.le
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seeds. The extract uaed on achenes of accession lA-406 was 
made by soaking 120 gm. of chaff (obtained by rubbing the sterile 

• 	 florets and bl'acb~ from the achenes of this accession) in 1,500 mI. 
>nf water tor 24 hOUJ's at 80° C., filtering, and cooling; that used 

on accession 2A-593 was made by soaking 20 gm. of its chaff in 
500 ml. of water for 24 hours at room temperature and then 
filtering. In the indicated treatments 8 mt Of 1.5-percent sodium 
hypochlorite or 0.375 ml. of 30-percent hydrogen peroxide WaS 
added to 10 mt of the extract. This amount was just sutllcient to 
decolorize the extracts. The extracts for soaking the embryos 
of accession 21-593 were made by soaking 100 gm. of complete 
fruits in 1,000 ml. of water at 23° for 2t1 hours and filterhlg. 

TAIILE 88.-GcI·milt(ttiQlt of gual/ltle IIcheneli (md cmbryos. after ROllldng ill 
e;r.tracts h'Ol1~ Dltavu/c floret8 

S~.-d of 1I\dle:ll\~1 ncce",.lol1 
'1.,,1 str31n ~ennln.llng

1'r~ntmen\ 

L\ ..... OG 1 2.\-503 2 ' '21-?'Ul:'._----- 
r-'i'rC"rul. l'crccn' I'Crt"flit 

AcheJ.\e5 not treated ........... ~ .... ~,,,,, ~ .... ~ .. II- ... * .. " .. " ............ ~ '" ......... t .......... ,. " 52 

Achenes !io~"t:d In wster ror 18 hOllr~ .... " 'II! ~ .... H 004" ~". "' ............. "....... t.. nO 
 ......... ,., .. ....... ..
\ 

Achelle< so;Iked III lIorel extract (or :I bUllrg. .............. • • .... ,.... • ....... . 


Achene< SOUh11 In Ilorrt extrnrt for IS hOllrs .................... ••••• .. •• 46 

Achenes: soaked /n II1Iler (or 3 hllllnl...... ,. ...""............ ;...... • ..... . 55 


7[, 

,\dle\le5 S()Uk",\ In nllrel e~truct lihl~ 1~'droK~1I Ileroxhle for l! h()lIr~... .."... ••• .' • Ss 
t:mhr)'oit !</)nk..lln w"t<r~ 7",

8 hoUrs .............. *~"."' .••• ,.~ ••••• "'~ ............... ,~.~ .. ' ........ ,. ... ~., ••••
" 12 hours ............... ~ .. ~t .. ,. .......................... ,~ ........... ~ .. '~.,... .......... ~l 

!l.l lltJurs .. \ , ............. -i ........................ "" .. " ... ~ ........ '" .. , " "' ..... " .......... ~ " .. " ~ ... " ... " ~ .. " .... ~ ., i .... ~ SO 


12 Jl('UrS- 1i ..... "4 ... 1;~.;""~ ..... " .............. ~ .. 1r."',. ............... "."' •• _••• i ......... ,...... Sl 


t:mbr)'os lIoakl'd, In e~trll~l from l.)'e~r-old nQtels: 


Achellcg ~o.,ked III Ilon~\' extrllcl plus Sl)(Hum \»'JlQthlorl\e for :~ hllur~••••••• '. ••••••• S3 

~:mbti.)8 sunk..\ hi utratt frum (n'sh Hortts: 

6 hours ••••• ~ ..............,.~ ........ ~~ ••• * .... "''''',.Ir+ •• _' ~~ •••. ,. ..... ,., •••• ;-...... 79 


2.& hours ~ ............... ~ ..................... "" .. '!< ........ " ........... " " ....... ~ ............ ~ ' ... ,....... " .. " .... " • 73 


............... 11 	 . 

110 

8 

1 hol'f ... ~ ........... "" .... ~ .......... "" ..... ~ ........ " ....................... 


3 hours .. " •• ..,.,,~ •• "'.,,_ .................. t.i .... ~ __ .lt."' ...................... ";'11'.~"·••••••,,. ••• 15 

79ooul1t '\ ••• " .. ~ .. ~ ...... "'''·.. ~.-.~f, ... "''f''' •• ~ .. "..,.r"~,, .... t~''' ...... ''4'' ............. ~"+'f ................. .
c 811:1 huurs l,",," ~ .... " t,.. ...... ,. • " 4 .... II !t f ... '" .... " ........ '"' ~ oj. ~ ... _ " "'I .. :-" ........... f .,,, ~ ................. t ~ ........... . 

772~ hours: 'If"" ~ ........... '"' ... ., .... ., ~ .. t '" ~ 10 ...... .,'O' ........................ I ... <I ~ •• '" ~ .... ' .... ,. ....... oi '" " .... , '" " 


! NO" llhl'nlllcnnt; dlff.,,..,n~... betwL't'n means. 

2DIIY".....ncc required lor "lglllfirnl1t:e lit Ii-\ler"ent I~",·I. !l 1I,·rrellt. 

S Difference required fQr .hmlficllnee ol 5-pereent level. 7 percent. 


In only two instances was the germination significantly reduced 
by soaking 'the seed in extracts and both reductions barely reached 
the value required for significanee at the 5-percent level. In one 
of these instances, the germination-reducing action was overcome 
by adding sodium hypochlorite or hydrogen peroxide to the 
extract. These results· indicate that under some conditions the 
germillfLtion of a few 'seed maybe inhibited by material in the 
sterile flor/ats but that treatment with oxidizing agents will 
eliminate the effects. However, the differences in germination 
between the seed soaked in the extracts and that soaked in water 

• were very small; this indicates that, although a germination
inhibiting substance may be present, i.t accounts for a vet:ysmaU 
amount of the. dormancy found in guayule seed. Moreover, em" 
br~fos enclosed in fruits and held under favorable conditions fOr 
germination for 21 days without germinating sprouted overnight 
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when given the proper treatment; thus, 3 weeks' exposure to 
whatever germination-inhibiting substance was present did not 
prevent germination. 

IMPEJlME;\ULE SEED COAT 

Many members of the Compositae have impermeable seed coats 
(to), and the delayed germination of guayule seecI might be due 
to the presence of such. To test out this possibility, achenes alone 
and achenes plus florets were scarified by passing a sharp needle 
through the cotyledonary end of the achene. For this experiment 
the achel'les alone were obtained by pulling off the florets and 
bracts with forceps, care being taken not to crush the achenes. 
'rhus, the percentages of fined seed in both types of samples 
were the same. The germination of the scarified achenes of two 
of the three accessions tested was not significantly less than that 
of seed receiving the standard treatment, and that of the other 
accession was barely significantly less (table 39). In aU three 
seed lots a significantly higher percentage of the punctured 
achenes than of the unpullctured oneS germinated. The scarified 
achenes plus florets had a much heavier mold growth than the 
unscal'ifbd ones, and their reduced germination may have resulted 
from the puncturing allowing the fungi to enter and feed on the 
!:<torcd food in the embryos. 

TABLE 3H.-Gcl'1nillation of scarified gu(tyule seed 
---~"---.-------n--------,-----~-

s,·.... "r lo.llrntrd nrre~~'on Sr"" nr tn~tc"led Rece..slon 
'l)"pe ot snmple and and strain germInnling 1 1'Y1'" uf IIllmple and II!Id strain Icrmlnating1 

treatment tre"lment 
3~130 4-106 5-593-----1---- --------1---\--- 

\chene~ plus lIorets: .Aeheneg alone! PemcIII Percent Peretll t 
Not punctured (no Not punctured (no

treatment) ••••••• s 10 trentment) ••••••• 10 ~6 SO 
Punctured .4' _..... ~ .. S 7 Punctured ••••••••• 21 36 46 
Standard·trealed •••• 33 31 

1 PUr~ren"" Tc"uir~a for si)fnifiennct) nl 5.p~rcent le"el, 6.5 percent. 

Puncturing the achenes with a needle resulted in a marked 
increase in germination (table 39). To determine whether the 
increase is due to the puncturing of the fruit coat (pericarp), 
of the true seed coat, or of both, untreated seed of various acces .. 
sions was allowed to germinate for 3 weeks -and the germinated 
seeds were removed. Then all of the ungerminated embryos were 
carefully dissected out of the achenes. Half of these were scratched 
with a sharp scalpel deep enough to penetrate the seed coat and 
the other half were not scratched; these embryos were then 
allowed to germinate. Whenever the seed coats were punctured 
more than 90 percent of the embryos germinated ; but on the 
average only 40 percent of the embryos with un punctured coats 
germinated, the percentage depending 011 the accession (table 40). 
Most of the scarified embryos germinated within 3 days after 
they were sCl'atched, whereas only a little more than a third of 
the unpunctured embryos that were going to germinate did so in 
that time; it generally required 12 days for the latter to complete 
their germination. 

• 


• 


• 




TABLE 40.-QtJI'ml'IICHiQlI of 6mbl'IIos e;l.~tl·acted frout gllal/ule seed t/lltt had 

• 
P"CQioltsly jailed to gCl'minate 

• 

Innnothel' experiment, seed of accessions 23-406 nnd 26.,...593 
was soaked in water overnight and the embryos from 800 fl'uitg 
of each accession were carefull~' extracted. The seed coats of 
half of these were punctured with a sbarp needle, whereas those 
of the other half were left intact. These embryos were then 
nllowed to germinate. At the same time 400 complete fruits of 
both accessions were also germinated. In this test were included 
nIl the embryos present rather than only those that had failed 
to germinate while enclosed in the fruit cont under germination 
conditions for 3 weeks, At least 90 percent of the embrvo,> with 
scnrified seed coats germinated (table 41). These results, alon£;" 
with those given in table 39, indicate that the germination of thl' 
scarified embryos nitel' being under germination conditions was 
not due to any prec.onditioning of the embryo during the 3 week~ 
they were in germinators prior to extraction and scat'ifkation. 

'!\\BLE 4l.-Gl?l'lIthwtiOlL 0/ I/l!(tl/lt[C cmb)'yo8 treated 1'1/. cii.Uel·elll WW/II 

tx~ t~",t.'I ~ho\\·t'(l diltcrt'nces bet"""," t.·catment!! (0 be highly siltnllkll'lll 

li~t,1 01 Indlcllt t,1 lI(·(·ct.hll) 
:11111 ~tr~11J gcrmilluilll~ 

.."",."""""",, ,.,. ....~._',.,. .....,'~e_ ..'> " "" • ____ '-'--"''''~ _.. '." '''_'"~ __._~'--''. _4<.,," -" Oi< 

.:mbI'YOi cltrllClt~1 frum Irults: I'rr",,,t 1)rr~f1jft 

S~i\"" rQat~ lluncturcd ~. " ... , ........ ~ ••• li' ......... ~ ••• #.~ ..... , ... "... 90 011 
~t"\'tl to!\t£ nuL pundun.·d "' ..... ~ ~ .. t ",,.,, .. , '" •• '"''' •••• " .. "" "''' ~ ~,~«...... 75 M\0. 

t;nlhrYQ~· Iell In !tllncl fruits ...................................... iO 12 


----~..~ ..-----------~---------

• 

Removing the pericarp, or fruit coat, without scratching the 
true seed coat resulted in the germination of about 40 percent 
of the embryos (table 40). The results in table 41 also show that 
em\;lryos removed from the fruits without being scarified germi
nated to a higher percentage than those left in the fruits. These 
results indicated that the fruit coat itself may have caused some 
reduction in the germination of the seed. The extraction of the 
embryos is a delicate task and many of those not purposely scari
fied may have accidentally been scratched while being extracted. 
This accidental scratching may account for some of the germination 
of the unscarified embl'YOs. However, 68 percent of the uhscari
tied embryos of accession 7..:.593 germinated (table 40). and it 
does not seem possible that over half were accidentally scratched 
while being extracted. Thus, the results indicate that the fruit 
coat itself may exert some~1ight hlhibiting action on the germi
nation of the seed, 
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Regardless of the effect of the fruit coat, more than 90 percent
of the embryos did not germinate unless the seed coat was punc., 
tured. or scarified' in some way. The results in tables 39. 40, and • 
41 indicate that the guayule embryo is surrounded by a seed coat 
which must be broken or made permeable to. gases or water 
before the seed will germinate under normal conditions. It would 
also seem that this hard seed coat is the factor most responsible 
for the delayed germination of guayule seed, especially after it 
has aged for a few months. It has been shown previously that 
the standard hypochlorite treatment results in the germination 
of more than 90 percent of the good seed. In the light of the 
results obtained with scarification, it seems that the hypochlorite 
must act in some way to softEl'll the seed coat or increase its 
permeability to gases or water; . 

The seed coat passing around the. end of the cotyledons is very 
distinct (fig. 1, B). It is comllosed of two layers. The outer • ,I 

• 


FIGURE 1.-A,Longitudinal section of a guayule achene showing pericarp, 
or fruit cont, (a) and seed c(mt (b); B, enlarged part of same section 
'showing the double nature of the seed coat. 

layer is rather brittle an'd peels very readily from the inner layer. 
It is impossible to keep from breaking this outer layer in extract
ing embryos from achenes. The inner layer, which resembles an 
alligator skin in a surface view, is very tough; it must be punc
tured or made permeable before the seed will germinate. 

EMBRYO DOR.MANCY 

)Vhen guayule seed is several months old, germination of more 
than 90 percent of the embryos can be obtained by scarifying the 
seed coat or by treating the seed with sodium hypochlorite (p. 
24) or certain other strong oxidizing agents (p. 32). When 
treated with ~odium hypochlorite at biweekly intervals beginning • 
immediately a:ft~r harvest, not more than 90. percent of the 
embryos of accessivns 14-593 and 15-593 germinated for about 
8 weeks. The concentration of hypochlorite used bad no effect 



• 
on the germination of the two accessions except for the seed 
treated up to a few weeks atter harvest, and there was no sig-:
nificant difference in germination percentage between seed treated 
with 2.5-percent and 3.0-percent hypochlorite soluUons. 1'his 
indicated that stronger treatments would not have l'esulted in 
a further increase in germination, Thus, the results presented 
in table 26 indicated that guayule seed was not capable of com
plete germination upon being treated with 'sodium hypochlorite 
until 2 months or more after maturity. This strongly suggested 
the presence of an embryo dormancy of a rather short duration. 

One of the ways of breaking embryo dormancy is by stratifi
cation, or by storing the seed in moist sand or peat at about 40 O . 
.for 'Various periods. In table 42 are shown the germination pel'
centages of seed stratified in sand and. unstratifjed seed of different 
ages and accessions. Trials were also lllade using peat as the 
stratifying medium, but the results obtained were similar to 
those obtained with sand. 

'!'ABLE 42.-G!l1'1I1inati(m 0/ t1'eated anli 'imt1'catcd guayulc seed 0/ different 
ages a/tel' stl'utijieation fOI' diffe'l'ctLtpcriods and when wltlltmt'ijied 

Seed germinating Whel\ trcatcd 8S Indicated 

• 

YCllr


.\ec~~slun. ~tr8In. type .ml 6ge ~r oct.l, ot Unlreated
and slratiilClltiOtl \I~rlod hum's!. 

Stratl- l'io~ Slrnt!· i'iol 
U,'II slraUft~,1 l\Lld slr/lllll"l--------"....-. -,--- -,-~--..... 

1.\-406 n~heul" !! nats ohl: /1t:J'('Ci,L IIf,'(f"III

{::':~~~~ .. ,. ::c::c.c:,!..T dllYS, n ........................ } ,12 US 

14 da)'s: ••••• , .......... 4 •••••• , ... .. 1\)40 ".. "., .... ,.. ,,; ",: ..... ,; ...... 33 .., ••••• 'j 


!is. days ..... " ....... 't •••• + .... ~ ..... ~ • ~ .,. .. .Ii _ • J '" ........ " ~ '" ~ ~ , 22 iO 

2'\-~Oa nclleues treilhl)' hat,'csled: 

7 dll)'~ ' ......................... }' 23 I. 1!l........ ! ......... . 

1,( dnys " •• "' .. ~ ................... " ... , .. , ....... "........ ~ ......... '. 12 .. ... , .. ,. ,


194~21 da)'s. ",..,j,,,,, ~ •••• " ....... OJ. '" ~ " ....... . { .. "' ... ", .. ,.~~~~.~ •... 9 ........... 

_. It ••••28 dA)'$ .................... ,. ........... ,1 ...... \ ....... '" .. 7 !!d 


20-H11 UdlfU~s plu.y norell. :I w.ck~ old: 
!l. dtl)'s ......... " ................ } as 23 Ii 1 
11 d3l'S ••••• ".... "."' •• "......... 4" •• 34. 20 11 8 
l4 da),s .........................,.. ~ •• 1943 { S6 :~il 11 11) 

~S days t ........ * ..... " .. " ........ ".". , .. 10.." ~18 an 6 11 


!H~lj93 acilebes plu~ florets frcsh\)' !tarTestc .. 
:\ dll)'~........................... } 17 i2 7 6 
6 dars ~ .. -<i, ....... iI •• ~ ............ "'" 't ..... \ .... 'Ill Hi 12 9 
10 days .. " "',. ........... * ..... " .. " ....... ~ .... 19H { 20 10 15 a 
14 da)'s.•••••• _••• ""'.~~.<!.~ .. ,.~ ... 'O 20 11 15 1S 
28 JIa)'s ....................... .. 24. 14 11 8 

25-100 acbe~c5 plu.~. Ror·ts fresbly haf\'csted, ~l, 

:\ d,,>:8 ................. " ....... } 12 9 4 4 
Q d8.~S " ........ " •• __ ........ ~ ......... * ••'. 9 5 5 a 

10 days ......... ~~ •• " •• ~ ... , ..... , •••• 11144 { 16 r. r 3 

\4 dAYS. •• ..- ........ _........... ,.~ ....... . 18 !l 5 3 ,1; 

,28 tl&Y.Q .......... ~ • II' ... " ............... '" .. ~ .... " 20 JO 1 1 


c > 

• 
The germination of 2-year-old a.chenes decreased with increased 

stra.tification time, whereas during the same period the germi
nation of the unstratified seed increased, The germination of all 
freshly harvested seed was increased by stratification tor a ce,rtain 
numbe~ of days regardless of whether the seed was giveJ1 the 
standard treatment after the str~tification period. The pel,'centage 
germination of freshly harvested seed when stratified and, treated. 
with sodium hypochlorite was from 3 to 20 times that of unstrat
ified and untreated seed, and for 2ru~cessions it was d.ollble that 
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of unstratifieQ but treated seed. The optimum time of stratifica
tion varied with the seed, accession; 3 days was sutIlcient to 
insure the germination of 80 percent of the embryos of accesston 
20-407 when treated, whereas 28 days gave the highest germina
tion of accessions 24-593 and'·25-406. 

If gllayule seed, has a short period of embryo dormancy, then 
ev~n scarified embryos should not germinate as well when freshly 
harvested as several weeks 'later. Scarified and unscarified em
bryos of accession 14-593 were placed to germinate immediately 
on being extracted from the fruits at dift'erent periods after 
harvesting. Only about two-thirds of the scarified embryos ger
minated when they were 2 weeks :old, but over 95 perc'ent germi
nated when they Were, 14 weeks old (table 43) . The germination 
of the unscarified embryos incl"'eased between the ages of 2. and 
14 weeks, but their germination at the end of the experiment 
was much less than that of the scarified embryos. Thus, even 
though the seed coat was broken, freshly harvested seed did not 
germinate nearly as well as seed several weeks old. 

'fABLE 43.-GeJ·mination 0/ sCUl'ified and 'u1!scarificd guayule emb,'yos ex
~I'acted from fruits of accession 14-$98 at dit!e)'ent timos a/tel' harvesting 

t;.:2 lc&t..q showed ,litr"rcnccs bHw~cn G lind U weeks to, be highly significant] 

.Jmbryos KennlunUug When-
Age or secd 

Scarified Not scnrUlc~ 

[lr"Cl'ut 
2 ,,·ct:k..,; ."~~ •• ~"."",.",, •• ~,••••• ~ ...... t •• ~ " •• ~ ••• '."""~'O'" OS 
6 '\'c~ks J-o, ••• t ~ ... t ........ ~ ••• ~ ............. 0" •• 10 •• ,. ................ .. 15 

14 u'ceks _ ..... ~~.!o- .. ~., .... ., ........................................ . 98 


These results show that freshly harvested seed, even though 
given the treatment that insures complete germination of old 
seed, will. not germinate readily until at least 8 weeks after- it 
has been harvested tmd that stratifying fresh seed allows a great
deal more to germinate, in one instance 80 percent of the matured 
embryos as compared with only 50 percent when the seed was 
not stratified. Suchresults indicate a period of embryo dormancy 
which lasts about 8 weeks. This embryo dormancy can' account 
for the poor germination of guayule seed only fora short period 
immediately after the seed is matured but not after it has aged 
for several weeks or longer. 

Because of the shortness of the period of embryo dormancy and 
the expense alid trouble of stratification, .seed is stored in .open
containers at room tempera'ture for about 3 months after harvest 
before germination studies or seedings are attempted. Aft~r this' 
storage the standard treatment will insure the germination of 
practically all the good seed. 

PROBLEMS IN PREPARING SEED FOR PLANTING 


• 


• 


• 

During the season of sowing nursery beds near Salinas (April 

through June), it was difficult. to obtain satisfactory stands even 
with ~reated seed (achenes plus florets) sown dry. The Inter
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• 
continental Rubber Co. overcame this difficulty by prespr()uting 
the seed. This involved soaking it in water at the rate of 1 pound 
of seed to 2.5 pounds of water and then placing it in wooden trays 
at 75~ F. for 6 <lays or until radicl~s became apparent on a small 
percentage Qf the seed.. The seed was kept moist and was stirred 
twice daily dnring the presprouth1g period.H 

After this the seed while still moist was s.own directly in the 
nursery beds. The Guayule Emergency Rubber Project followed 
this practice in 1942 but later reduced the time of presprouting 
to 3 days and termed the practice "presoaking." The time of 
soaking was reduced because it was found that no increase in 
germination was obtained by soaking longer than 3 days (table 44) 
ane\. that little or no sprouting occurred after that time. 

TABLE; 44.-EmCl·gcltco of tl'cuted UltaYlllo achcnl,ls plusfi,o)'cts pl'csoakod /0)' 

val'iolls pel'lads pl'io)' to scedlng ,in the 1l1tl'S01'Y 

l'rC~O/l:"'~ flfrh,,1 Ts;~q:;;-;;;;;:;;;---;rl"\l'lklll. Iler!!1I1 Swl sQwn (emergenceIn "'l'~ IIt("r ~Ol\'lug) 1 ., h 10 days Ilflcr !Iowlng) 1 
, 1\ _ -------- ____~__.I___-__

, /'vrrcli t PorcellI 

o day (sown drY)t .. tUH_ ti .. dnys H.qH.H......... SS 

L dllY ........"" .."... !!-I Ii ""Y~ .................. 34 

2 days .................. 38 0 till}'S ,................. :IS 

3 d"y~ .... .............. 39---...... -.---:.:......--~-----'------

• t Ujl1'm'erlc,-, teQuil'cd tor sbmlJlcllncc lit Ii-percent- level. 'I percent • 

1\1 connection with another experiment, seeg.ings were made 
in the nursery on four different dates in the springs of 1943 and 
1944. The same number of germinable seed (achenes plus florets) 
was sown pel' unit a,l'ea, and the same amount of water was 
applied to all the plantings. The seed was pr~soaked for 1 day 
in 1943 and f01' 3 days in 1944 at the rate of 1 pound of seed to 

• 

2.5 pounds of water at a temperature of 700 F., except during 
the middle of the day when it rOSe to 800 or 900; it was stirred 
twice dany while soaking. Continuous temperature records were 
kept in both yeal·S. In both years the poorest stands were obtained 
during the period of the lowest minimum temperatures and the 
best stands during pel'iods of the highest minimum temperatures .i. ,
(table 45). Whenever the air tempera,tures stayed at about 500 
or abQve (May 18, 1943, and July 7, 1944, plantings), the stands 
of guayule ill the nursery were always greatly increased.Expo
sures to temperatures of 500 (100 C.) for 4 hours or longer 
results in a decreased germination of guayule seed (tables ~2, 
13, and 14). The highest count recorded in table 45 (35.5 plants 
per square foot) represents only 50 percent emergence of the 
germinable seed planted. There was little or no relation between 
the stand counts and the maximum temperatures in either year. 
These results indicated that the stands of guayule obtained in 
the nurseries at Salinas are closely related to the minimum tem
peratures occu1'l'ing during t.he 2-week period after seeding . 

In 1944 the lowest average minimum was 410 F. and in 1943 
it was 451); yet better stands were obtained in 1944 than in ,1943. 

, 
U CARSONS, C. W. NOTt!S ON GUAYULE CULTURE. Regional Planting .I~~p•• 

Region 5, U. S. Forest Servo RJ)t. 1942. [Ul\Published.] 
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Whenever the minimum temperatures were comparable, better 
stands were obtained in the 1944 seedings when the seed was 
presoaked for 3 days than in the 19LtS ones when it was presoaked 
for 1 day. When the seed is presoaked or presprouted, it is really 
allowed, to germinate for a few days under favorable temperature 

TABLE 45.-Gl!ayttle seedlings per squa?'e foot i?t n1WSe1'y plantings 14 days 
aiter seedin.o on va'l'iOU3 dates and the tem,pe?'atm'es d'lt?'ing this emergence 
period 

Date Ill, seeding !'Inals pcr 
square (oot 

I 
Averugl!

minimum 

Temperature, 

!ltlllge 01 Average
mlnlmUln ptllxltnum 

!lange 01 
maximum 

...-~~ 
JQ43l 

Mal' 4 •••• , ..... ~ • .- , • t· ...... 

~ltI)' 18 ~ .......... ~ • f •••• , • 0-

Jtlne 1, ....... * ......... " •• t •• 

June 1~ II •••••••• , ........... 

Xtu1l1JC'r 
1.5 

13.S 
fi.O 
9,9 

01'. 
45 
5!! 
49 
50 

Of"', 
41-40 
40-50 
46-53 
,Hi-56 

01'. 
75 
71 
64 
12 

0'"iO-83 
62-88 
59-16 
50-08 

19442 
April 14 ... ~ .. ~ ........... ,
May 12 ., ................ ~ .. 
June 9 ............ ~ , ........ " 
Jul)' 7 ................. .- ... \ 

~ 

11.0 
19.5 
18.5 
35.5 . 

U 
48 
52 
5-l 

36-50 
39-54 
4tH;i 
02-51 

61 
65 
6r 
117 

IJI-04, 
51-11 
G4~73 
64-72 

'1 PresQnked 1 dn~', 2 Pr~sQnk"d S dnYl\. 

conditions before being exposed to the cond~tions prevailing out
side during the seeding season. These results indicate that pre
sprouting or presoakin~ guayule seed tends to overcome any 
reduction in germination that might be caused by unfavorably 
low temperatures after seeding. Thus, at Salinas these practices 
were adopted to insure satisfactory stands in spite of unfavorably 
low temperatures prevailing there during the planting season. 
That temperatures under 50° can reduce germination is also 
brought out by the :fact that seed held moist at constant tempera
tures below 50° failed to germinate after 21 days (table 12). 

An experiment was set up to determine the effects of aeration 
and soaking the seed in different amounts of water on the subse
quent emergence of presprouted seed. Treated seed was soaked 
at the rates of 1 pound of seed to 2, 2.5, and 3 pounds of water 
under aerated and nonaerated conditions. Aeration was accom
plished by thoroughly stirring the seed twice daily. After being 
soaked for 6 days the see<l was planted in flats outdoors. The 
greater the proportion of water to seed used the greater the 
number of seed that germinated .during the presprouting period; 
also more of the aerated than nonaerated seed germinated during 
this 6~day period (table 46). • 

After this seed was planted, the rate of emergence and the 
final stands of seedlings were greater from the aerated than from 
the nonaerated seed regardless of the rates of soaking. This 
emphasizes the importance of aerating the seed well during the 
soaking period. The greatest number of seedlings was obtained 
in the shortest time from aerated seeds soaked at the rate of 
1 pound to 2 pounds of water. At the higher rates of soaking 
more seed germinated during the soaking period, and in planting 
the 13eed the young roots and shoots were generally rubbed off 
so that those that germinated before planting were usually killed; . 

• 


• 


• 
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• 
TABLE 46.-Gennination of IItanda1'd-t1'eated guayttle 8eed after being aerated 

and nona era ted while soaked in Va1-10U8 amtotLnt8 of wa,te1' for Q days prior 
to l'feeding -in soil outside 

Seed gmllinuting Seed germlnnllng 

Tr~lltQlc"t Per t f----~~---------· 'rrcaimcnt per 1 
l'ouud ot seed Dudn!; Mter planting llouud ct 5ced During After pl,lnting 

I1re~~lHf{I~~ 1 ---,----1 sOllklng , 1-8 -dll-ys-!!-'-lO-d-a)-'s-28 dll)'~ ~ JO dll)'s!!--..:------1·-------- ------~-------
Seed Ito! sOllked /"'''('PII' l'en'c"IP,'n'flll Seed Honked In !l.r. /,,,,'(·,'UI I','/,r,'''/ Percent 

(l'lH~ck) ... 0-. ~ •••• t •• I ;.. • • 2 20 pounds ot \l'ilt~r: 
Seed 'OllkL~1 lu 2 Aerllted , " ... 2H 30 

1IIIlIIIlIs ot \;nLer: NOllllerlltllfl + ••• 23 26 
,Iera/('d .,.... ! n,) ill S""I ~(/Ilkcd In 3\1....

Nonut.lratcd • _ 0 3 2l pounds ot 111It.r;I ~ 

.\crllted •• , ••• 10 25 25 
Non:lCrlltcd •••• ·1 16 21 

'L x!! tc"!\ts show difTerences due to neration nnd nmQunt o( wnter during presonking \lcl'iod to 
'be highly HlgnlOcant. 

~ DItV"rcllcc r~qllired Car signiOcance at 5-percent level. 5 percent. 

hence they could not produce seedlings when planted in the soil. 
Obtaining the best stands with seed soaked in the smallest 

amount of water is important because the drier the seed the easier 
it is to handle in the seeding machines. Seed soaked at the rate 
of 1 pound to 3 pounds of water is so wet that it does not pass 
through the seeders very readily. 

• It should be remembered that this procedure of presoaking seed 
in water at the tate of 1.pound of seed to 2 pounds of water at 
70° F .. and keeping it aerated for 3 daYfl is followed in planting
the complete fruits at Salinas, where temperatures may fall 
below those favorable for germination. Achenes alone are not 
presoaked when planted in the nurseries even at Salinas. At 
Indio no advantage from presoaking has been found when the 
seed is sown in the warmer parts of the year, but some increase 
in rate of emergence is observed if seed is presoaked '!-.,o;~"re sowing
during the winter months.15 • 

DISCUSSION AND CONCLUSIONS 

• 

Achenes which have been detached from their sterile florets 
and bracts lose their dormancy in about 6 months, whereas those 
with these parts still attached retain their dormancy much longer 
(table 11). The methods eIJlployed in removing these accessory 
parts tear them away from the achene and in some cases actually 
rupture the peri carp wall, but in every instance of tearing away 
the florets a mark along the side of the achene can be seen where 
the floret was attached. As the results i.ndicate that oxidation 
renders the seed coat permeable, it was wondered whether the 
rapid loss of dormancy of these achenes alone as compared with 
that·of achenes plus attached florets could be accounted for on 
the basis that removing the florets weakened the pericarp wall 
and thus allowed for freer access of oxygen in the air to the seed 
eoat; thus, a more rapid oxidation of the coat and loss of dormancy 
took place. To test this, the sterile florets and subtending bracts 

1~ KELLEY, O. J. Unpublished data on experiments conducted at Indio, 
Calif. 1944. 
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were carefully cut away from achenes so that the pericarp wall 
was not disturbed in any way. It was necessary to work on 2,400 • 
fruits before 800 satisfactory ones were obtained. These were 
stored at room temperatures in envelopes for 6 months along 
with achenes obtained in the normal· manner and achenes plus 
florets. Ninety-five percent of the achenes threshed out of the 
florets by the usual method germinated without treatment after 
being stored for 6 months, whereas only 77 percent of the achenes 
with the florets carefully cliPP(,9 off germinated after this period 
of storage (table 47). These results indicated that the rapid 
increase in germination of achenes as contrasted with that of 
achenes plus flm:ets is probably related to the rupturing of the 
fruit coat that generally accompanies their extraction rather than 
to the removal of any effect that the_ presence of the florets them
selves might have. 

TABLE 4'i.-Germi'llation of vltal/ule seed handled in d-ifferent wal/s and then 
- atoTed for 6 months 

M~lhod ot haudllng seed 
At stllrt ot Mter 6 m(lIlth:;'
experiment ~toruge 

!'rrrelll P~rCCl1t 
Achenes threshed out With scarlth·r ................................. . 16 05 
Athenes cRrehtlly CllPlll,1 "War from lintels .......................... . 60 11 
~:ntlre rrults (Hehenes plus lIorels). _ .................... '" ....... . 02 71 •
----~~------------------------------~~------~-------

1 DitTer.-n.!! re<ll1lred Cor significnnce at 5-11crcent h,vel. 9 percent. 

Guayule seed which has been stored in airtight containers does 
not increase in germination as.rapidly as that stored in containers 
that allow free access of air. The tighter the seed is packet! in 
the airtight containers or the less air per seed, the slower the 
increase in germination (table 10). All of these results suggest 
that the increase in germination of untreated guayule. seed as it 
ages beyond 2 months is due to the slow oxidation of the seed 
coat in air. 

Data 16 showing that the seed coat of guayule is more or less 
impermeable to oxygen and possibly to carbon dioxide and that 
the germtnation of guayule seed is sensitive to the concentration 
of these gases in the atmosphere have been obtained. Thus, any 
factor which interferes with the gas exchange of the embryos 
may reduce the number of seed of a given collection that will 
germinate. 'In these experiments some achenes plus florets always 
germinated even without treatment. Embryos removed from the 
fruits (freed of the fruit coat or pericarp) without puncturing 
the seed coat germinated better than those left in the achenes 
(table 41). Puncturing the seed coat of the embryos removed 
from the achenes resulted in the germination of well over 90 •percent of the embryos, an increase in the germination above 

,4 BENEDICT, H. 1\1. STUDIES ON THE IMPERMEABILITY OF THE GUAYULE SEED 
CO.\T. 1945. [Unpublished.] , 
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that of the embryos with the unpunctured seed coats (table 41). 
These results can be accounted for by assuming different degrees 
of impermeability of the seed coats to oxygen and possibly to 
carbon dioxide. 

Some seeds have coats sufficiently permeable to allow the gas
exchange necessary for germination to take place regardless of 
any reduction that the mere presence of the accessory parts and 
fruit coat may impose. Other seeds may have coats of such per
meability that. by removing the fruit coat and thus eliminating 
the interference to gas exchange which its presence imposes, the 
embryos will receive sufficient oxygen and be freed of enough 
carbon dioxide to germinate. The remainder of the seeds may 
have coats SO impermeable to oxygen and carbon dioxide that. 
regardless of the pl'esence or absence of the fruit coat, the seed 
coat must be punctured or made permeable by some treatment 
before germination can occur. Thus the permeability of the seed 
coat, would govern germination after the dormancy of the embryo 
had been broken. 

In conclusion, the experiments showed that delayed germination 
of guayule seed is due to sever~l contributory factors: 

(l) A period of embryo dormancy, which lasts for aoout 2 months after 
the seed is mature. 

(2) A hard or inipermoable seed coat, which must be bt'oken or made 
permeable before thu seed will gurminnte. This seed cont seems to be the 
principal cause of the failure of guayule seed more than 2 months old to 
germinate. as only by puncturing it was it possible to obtain germination
of 90 to 100 percent of the embryos, regardless of what was done to the rest 
of the fruit, 

(3) 1,'he presence of the pericarp, which encloses the embryo with its seed, 
coat; however, this is not a factor if the seed cout is punctul'ed or made 
completely pormeable. • 

(4) 'l:hc presence of germination-inhibiting SUbstances, which seem to be 
present in small quantities in the sterile florets and bracts attached to the 
achene; the amount of germinntion inhibited by these substances seems to be 
so small as to be negligible. 

The germination of over 90 percent of the embryos, or filled seed, 
can be obtained by either of the following practices: 

(1) Forcibly remove the sterile florets and bracts and store the achet)es 
in unsealed containers at room temperatut'e for 6 months. During this time. 
the embryo dorml\nc~' is broken and the seed coat becomes pet'meable. 

(2) Break the embryo dormancy by stratification or simply by storing 
al; room temperature for 2 to 3 months. As lttrntification .1S expensive and 
troublesome, the latter method is preferable. Then make the seed coat 
permeable by treating with strong oxidizing agents as sodium hypochlorite, 
calcium hypochlorite, hydrogen peroxide, perchloric acid, and l)itric acid. 

If time is not a factor. the first method is by far the easiest and 
least expensive. It is a simple operation to remO'ie the floret$ 
and hl'acts from the achenes at the time of harvesting and clean
ing, and 6 months usually elapse from the time the seed is gath
ered until it is to be sown. This means that so far as germination 
i& concerned, the expensive and troublesome standard treatment 
described earlier can be done away with. However, the standard 
treatment seems to be the best available for seed with the florets 
and bracts stilI attached to the achenes. 

l 
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SUMMARY 

In this bulletin are presented the results of studies on the effect 
of various conditions and treatments on the germination of 
guayule seed. The indications of the data obtained are given in 
the following paragraphs. 

Fumigating guayule seed with agents commonly used to kill 
insects such as methyl bromide and hydrogen cyanide had no 
deleterious effect on the germination of guayule seed at the dosages 
used and under .the test conditions. 

At temperatures between 20° and 25° C., the seed should be 
stored at. a relat~ve humidity of about 30 percent. Seed stored 
at humidities of 50 percent and higher tended to lose its viability. 
Seed stored at a humidity near 0 percent did not lose its viability 
but did lose some of its germinability. 

A higher percentage of seed stored for 6 months in unsealed 
containers allowing for free exchange of gases germinated without 
treatment than of seed stored in sealed containers. There was no 
difference in germination, however, between seed kept in the 
different storage conditions and subsequently given the standard 
treatment, indicating that in 6 months no loss of viability had 
occurred in the seed stored in airtight containers. 

The germination increases ,vith the length of storage at least 
up to 12 months. If the sterile florets and bracts were rubbed off 
the achenes, the germination increased very rapidly so that after 
6 'months over 90 percent of the embryos germinated without 
special treatment. On the other hand, only 50 to 80 percent of 
embryos in achenes plus florets germinated after 12 months of 
storage except with seed produced at Indio, Calif., in which case 
over 90 percent germinated. 

The optimum temperature for germination is a daily alternation 
of 20° C. for 17 hours and 30° for 7 hours, but excellent germi
nation was obtained above 15° and below 30°. Under conditions 
otherwise favorable for germination, temperatures had to drop 
to 5° for 4 hours daily or rise to 50° for 2 hours daily before any 
significant reduction in germination occurred. 

A significantly higher percentage of the seed germinated in 
the light than in the dark, especially if the seed was not given 
the sta~dard treatment. 

Studies were carried out to deterrnine how many of tile possible 
variations of th(:l treatments used to insure the germination of 
guayule seed altered the effectiveness of the so-called standard 
treatment. This treatment consists in washing the seed in water 
for 12 to 18 hours, using 3 or 4 changes of water, and then soaking 
the seed for 2 hours in a solution of sodium hypochlorite contain
ing 1.5 percent of available chlorine at the rate of 4 ml. per 
100 seeds. 

Sterilizing the seed with formaldehyde or other agents did not 
increase its germination to the extent that the standard treatment 
did. 

Seed treated with the proper concentrations of hydrogen per
oxide, perchloric acid, nitric ac'id, and other oxidizing agents 
germinated just as well as that treated with sodium hypochlorite. 

• 


• 


• 
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• These results indicate that the oxidizing action of the sodium 
hypochlorite on the seed breaks its dormancy and that the sodium 
hypochlorite itself does not have any specific action. 

A very slightly lower percentage of extracted embryos soaked 
in extracts made from complete guayule fruits germinated than 
of those soaked in water for the same period. This finding indi
cates that, although some inhibition in germination.might be due 
to the presence of growth-inhibiting iilUbstances in the fruits, they 
could not account for the great differences in the germination of 
standard-treated and untreated seed. 

Embryos of untreated seed 2 months old or older that had failed 
to. germinate after 3 weeks in the germinator quickly did so if the 
seed coat was punctured. The germination of the scarified em
bryos (approximately 95 percent) was about the same as that 
of seed given the standard treatment. These results show that 
the guayuJe embl'Yo is surrounded by a hard or impermeable seed 
coat which must be broken or weakened before the seed will 
germinate. They also suggest that the standard treatment oxidizes 
the seed coat and chang-es its structure in such a way that the 
seed can germinate. Except in freshly harvested seed this hard 
seed coat seems to be the most important cause of the delayed 
germination of guayule seed. 

• Even when the coats were scratched with a needle or when the 
standard treatment \vas used seed did not germinate fully until 
about 8 weeks after harvest. The germination of freshly har
vested seed could be increased by stratification prior to the 
standard treatment. These results indicate that in addition to 
having a hard seed coat gl1ayule seed has a short period of embryo 
dormancy. which lasts for approximately 8 weeks after harvest. 

It is postulated that the complete germination of achenes 
thresh('d from the sterile florets and bracts 6 months or so after 
the threshing is due to a more rapid oxidation of the seed coat 
in air than normally takes place when the seed is surrounded by 
all the accessory parts of the complete fruit. Removing the florets 
weakens the peri carp wall and allows for more ready access of 
the air to the seed coat. 
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