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Essential to a pure-seed program and to the improvement of rubber 
yield in guayule (Parthenium argentafum A. Gray) is the knowledge 
of the genetic variability within and among strains. Several seed, 
seedling, and young-plant characters of guayule were studied to 
obtain information about (1) the relative inters train and intrastruin 
variability of a group of plant characters pertinent to the yield of 
rubber, (2) the relation between plrmt characters, (3) the relative 
merits of strains as parents in a breeding program, and (4) the possi-

I Submitted for publication March 28, 1946. 
2 For their helpful sugp;pstions and criticisms, the writer extends his thanks to 

• 
G. W. Snedecor and P. G. Homeycr, Statistical Laboratory, Iowa State College, 
Ames, Iowa; to members of the plant-breeding and genetics section of the Special 
Gllayule Research Project; and to the others who reviewed this bulletin. The 
commercial strains (vQ,rieties) and the other strains used in these studies were 
developed by W. B. McCallum, formerly employed by the Intercontinental 
Rubber Co. and now with the Emergency Rubber Project (U. S. Forest Service). 
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bilities for improvement bv selection. Furthermore, a study of il"l-i
gated field plantings of the commercial strains at Salinas, Calif., 
yielded data on the production of rubber and the growth of 1-year-old 
guayule under similar conditions. 

MATERIALS AND METHODS 

COl\l;\IERCIAL-STIUI~ TEST 

In 1942 the guayule nurseries were seeded to 7 guuyule stmins (109, 
130, 405, 406, ~40i, 416,and 593) which were being grown for com
mercial field plantings. Young plants were obtainecl from the nurs
eries and culled; the resulting progenies ~were transplnnted to the 
experimental area in Apr.il1943. The design of tbe experiment was a 
randomized split-plot design composed of 7 strains and 3 years of 
harvest in 9 replicates.· The struin plots were employed as u split-plot 
feature of the year of harvest. Thus, there were 27 replief),tes for 
strai.ns. The spaeillg wa,s 28 inehes between rows and 20 inches 
within rows. Thc split-plot sizc was approximn,tely }~o of an acre. 

As pbnned, the whole plots were to be hUl'vested in the winters of 
1944-45, 1945-46, and 1946-47. To obtain information ubout differ
ent pbnt charncters on 1-year-old guuyule (winter of 1943-44)) 2 
phtnts wm'c hurvested hom euch plot. The plants to be harvested 
were selccted at rn.ndom exeept for the restriction thut they be sur
rounded by a full stanel, as the stand over the entire experiment was 
79 percent of a full one. This restriction was employed to ayoid 
the influence that extru area, caused by missing.plants, might have on 
the characters studied. This gave a sample of 54 plunts for each 
entIY, or fl. total of 378 for the 7 commcrcial strains. 

Thirteen characters were l'eeordecl for most of the plunts. In some 
cnses the chul'Ucter was recorded on less than 54 plan Ls because fewer 
plants were considered sufficient to give the infol'mution desired. The 
charltCtel's arc (1) type of plant, (2) plnnt height, (3) plnnt spread, 
(4) eircumference of the crown below the lo\\-est brn,nch, (5) grecn 
wC'ight of plants, (6) own-dry weight of plnnts wilhout leav('s, (7) 
oven-dry weight of Jea,es, (8) rubber content (percent on a dIy-weight 
basis), (9) resin eontent (percent on a elr.y-weight basis), (10: cliumeter 
of brandt sample, (11) diameter of wood in branch, (12) rubber con
tent of branch (percent on u dr'y-w('i~ht, hnsis), and (13) resin content 
of branch (percent on u dl'?-weight bnsis). Weight of rubber per 
plant equals the product of the pel'centnge of rubber in the pl:lnt und 
the dry weight of shrub, The oven-dry weight of the plnnt minus 
the leuv('s is rcf('rred to as shrub weight, rrho proportion of wood in 
the bmneh is tbe quotient of the diamet('l' of the wood dh-ided by 
the dillmeteL' of the bral1eh. 

In ordel' to determine how thp various plnnt chnmeters UTe related, 
correlation nud regression eoeHicients (se(' tnble 4) were cnJculn.Led ns 
possible bnRC's for prediding rubber yields and for pO!'i-lible genetic 
interpretations in inherital1ee. 

As the first step in eliminating nndefiimble type:; ] ,"179 opell
pollinated, indiyjdunl-pJnnt seleetiow, (If the hu'gesL plnnts from the 
7 commereinl slrains were mude. ~lost of these "-Pl'e from 593 und 
407, us they survived the bpst nTter tl'l1llsplanting and had the best 

• 


• 


• 


http:strai.ns


• 


• 


• 


VARIABILITY OF CERTAI:-S CHARACTERS OF- GUAYULE ~~ 

general appearuncc at the end of the first growing season. Time and 
perctntage of emergl'ncl' and uniformity of type were determined for 
these selections. rIne selections of each of the 7 strains were grouped 
together in 7 individual experiments insofar as possible in 3 random
ized complete blocks with 100 seeds per plot. An eighth experiment 
in the same design consisted of miscl'llaneous selections of \,-hich there 
were 8 aberrants, 21 ofl'types, 51 normals, and strain 4263.3 

Beginning the fourth day after plantillg counts on em~rgen('e were 
made every second day until the eighteenth dn,y for the experiments 
on the 109, ]30,405,406,416, and miscellanC'ous selections nnd until 
the twentieth day on the selections of 503; a finnl count was made 1 
week later. Daily counts w('r(' made on the sE'lections of 407, uC'gin
ning the hfth day and continuing until the ('ighteenth; a final COI~nt 
was made 1 week lat('r. The classific!ttion o(abel'rants and ofl:'types 
was made when the phtnts were 3 to ·1 months old. 

STHAIX TEST 

Th(' stt'ain test repr('sen ts the prog('ny of the seed collected in 
1942 from the 7 entries in tho t'on1nwrcial-strltin t(,8t and from 35 of 
the more promising oth('[' strains of b'llayuJe d('veloped by If. B. 
~fcCallum. In this experiment no plants were discarded or culled as 
done in commercial plantings and in the eommcrcinJ-strain test. 
Seeds of the strains were plalltC'd in the Capitola, Calif., greenhouse 
in February 1943, and the seedlings were tmnsplanted to the e:\-peri
mental area at Salinas, Calif.. in June 1943 in a randomized complete
block design. The l'andomization was the sallle in the greenhouse 
and the field. Two of the strains, 42441 and 42468, werc hlCluded 
twice. This gave 44 entries, which were planted in 20 mnclomized 
complete blocks. However, strain 4~476 was included in only the 
first 10 rcplicatcs and strain 42477 in only the first S. Strain 42478 
was substituted for 42·!7G in the last 10 replica,tes and 42471 for 42477 
in the last 12. The individual-plot size was 2 rows by 6 plants. The 
spacing was 3 £('et belw('cu plants and 4 feet betwe('n rows. The 
desiglliLtions lls('d by'Y. B. ~lcCallum (see table 8) are included, but 
the strains arc discussed under strain, or accession, Jlumbers. Strains 
marked "commercial" wcr(' obtainNI from the supply of seed used for 
large-scale nurs('I'V plantings. E-n'll thomrh similarities in previous
desigllati~ns existcd, seed ~'ollections were ginn different accession 
numbers 1[1 the tt'st. 

BergMr 4 and Stebbins 5 detennin<'Cl the chromosome number for 
some plfLnts of <'iLch of tbe slmins n-nd classified tllPJll into 2 chromo
some groups, 54± and 72±. B('rgn('l' 4 and Stt'bbins and Koclani 
(8) 6 counted l()~± chromosOlllcs in sorn(, plants classtLied as aberrants 
in 72±-chromosome strn.ins. 

The ChiLI'uders r('t:ordC'd on the' ('ntri(':'l in the strain test W(,1'e plant 
height and spread, pl~rCl'Ilt!1gc of fl,belTiln Ls, and time of i1oweting. 

3 A 5·j ±-chrO!lJo:,olllr :'rj('rtion lllHde by L<,Ro\- Powcrs in Durango, ;\[exico . 
It wn.'l u:>eri as 11 chc'('k hpC:UN' of its IJllifMrnil.l' in I'uW(·f'-;' ('~qll'rim(,llls.
(Unpublished data of ~1)(>cil1i (;l1n~'lIle He"pnrch Proj(~ct.) 

1 BEHGXlm, A. D .. FllPlJhli~lwd datil (If ~fl('ciul nlluyuk' RCiO('nrch Projc,:t. 

6 ~TEnrlI:\S, O. L., .r It. ('orrr;;pOIlllcrll'('. 

a Itnlic numbers in J)nrcnLlIl'~cs ref('r to Literutllr() Cited, p. 25. 
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In addition emergence 'data for four seed treatments were obtained 
on a mass selection of the better normal plants of each strain. The 
percentage of aberrants was computed on the basis of a full stand, 
a.lthough the'final stand was 98 percent. 

DATA FROM COMMERCIAL.STRAIN TEST 
YIELD DATA FOR ALL PHENOTYPES 

Yield of rubber per plant depends on the rubber content and the 
shrub weight, and yield per acre on the stand and the yield per plant. 
The results of Kelley, Huntet'J and Hobbs (4) showed that transplant
ing losses can be largely eliminated by proper nursery care of the 
seedlings. Differences in stand among strains may also be due to 
@netic make-up. In light of the results of Kelley, Hunter, and 
Hobbs and the fact thnt nursery care of the seedlings was confounded 
with strain differences, acre yield of rubber computed for a full stand 
gave the best comparison of strain differences. By use of the analysis
of-Yl1riance technique (3, 7) nonsignificant F values fOI' strain differ
ences were obtained for dry weight of leaves, shrub weight, and resin 
content per plant; a significant F value was obtaine.d for weight of 
rubber per plant and a highly signifieant one for rubber content per 
plant. The means and standard crrors of a difference between two 
means (table 1) were computcd for each of the commcrcial strains. 
Although strains 405 and 407 wero significantly lowcr than 109, 130, 
406, and 593 in rubber content, the larger shrub weight pel' plant 
compensated enouO'h to produce about the si1me yield. In contrast 
416 produced the feast rubber, as it was low in both rubber content 
and shrub weight. Of the' seven commcrcinl strains 109 and 593 
produced the most rubber pCI' ncre itncl416 the lenst. 

The variation for the different plant characters in table 1 was rather 
large, as shown by the various cocfficients of variation. The com· 
mercinl strains were uniform for contcnts of rubbcr and rcsin. How
ever, leaf, shrub, nnd rubber weights pel' plltnt WCI'e quite variable. 
From this it is evident that shrub weights must be more accurately 
measured than rubber contents. The number of plants required for a 
specified degree of precision was studied by Federer (2). 
TAmi!': l.-1Yrearj.~, standard errors oJ a dl:ffercnce, and coefficients of variation for 

rubber percentage and yleld, shrub weight, resin percentage, and leaf weight of 7 
commercial strains of gllayule (dry·w~ighl basis) 

[Leaf weights based on 10 determination& for each fitrnin; all others bafied on 54 eaehl 

Prr plant lI'er acre 

Commercial strain 
Lenr 1 Resin • Rubber IShrub I Rubber --;;:;:: 

weight content t'(lntent weight yield yield
-----_._--------

Gram. Percwt Perc~nl Gram. Gram. .POlmd. 
32.(>1 5.89 6.4fl 91.3U 5.S2 14:1. 7109•••••••••••••••••••••••••• , ••••••••••••• 
29.63 5. is iI.3!l S9.16 5.64 139.3

130..........................••••••••••• ... 
 5.75 95.162.,.8·' 5. ii 5.31 J31.1 
4O'~.......................••••••••••••••••• 
 !U.81 5.74 n.19 113.58 .~. 72 141.2 
~06 ..........................•••••·······_· 


2~.81 5.98 5.4-1 91tS; 5.23 129.1407....................................... 

21.55 5.92 5.45 83.11 4.35 \07.4

416••••••••••••••••" •• '" •••••••••• -- ••••• 2().15 5.82 6,80 87.31 5.81 143.5593. __.,..............___ •••••• -- ••••••••,. 


5.84 6.07 00.94 5.41 133. 625.78Mean.......................... •..•• 


• 

• 

•

Standard error of 1\ difference 

between 2 mennfi...... •..... .. 6.64 .10 .14 8.37 .47 
Coefficient of \'lIrhlion (percent) ... . 41 6 9 34 32 
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YIELD DATA FOR DIFFERENT PHENOTYPES 

The plants of each strain were divided into four phenotypically 
different types, or classifications: Normals,. offtypes.. slow gro~erst 
and aberrants (table 2). The largest group 111 a stram was classified 
as normal. These plants were uniform with respect to flower type, 

TABLE '2.-.Means and standard error.~ (dry-weight basis) for rubber percentage and 
yield, :lhrub weight, and re.~·in percentage of the vario'us phenotypes of 7 commercial 
straim of guayule 

I Per plant Pcrocre 
Commercial strain and 1--------,,------.,.----------·1--

phenotype Plnll_ts_._ Hrsin Hubbrr Shrub Rubber Rubber 
ronlcnt conter.t weight yii!ld yield. 

109; Numb" Pucent t Pfrcwt Percent Gram.. Graml POllntU 
Normals. __ •________••• 27 50.0! 5.82:1:0.11 fi.Sl:1:0.03 115.51:1: 6.47, 7.79:1:0.38 192.4 
OtItypes...._._____ •••• 15 27.8 5.85:1: .02 5.62:1: .17 99.89:1: 8.00r 5.52:1: .42 136.3 
.-\berrants __ •••• __ ..... 2 3.7 5.39:1:1.42 5.34:1:1.0t1 26.40:1: 7.70i 1.33:1: .12 32.8 

IO_,~!16.23.:::-=- 7.02:1: .32Slow srowers ......... __ 26.48:1: 5.o411.S4:l: .38 45.4 


Al1 phcnotypeL..... 54 i 100 I 5 .. ~O 6.46 91.39 15.82 143.7 

130: =,=1 I 
Normals .....__........ 48 88.9! 5.Bl:l: .03 6.3fJ:l: .02 96.40:1: 3.88 .. 6.10:l: .24 150.6 
Otltypes .......__ ...... 11 1.91 5•48 0.39 56.20 ,'3.59 88.7
Aberrants ___ • __ .... ,.. I 1. 9 5. ,4 5.61 30,40 1••1 42,2 
510'" growers ..... .... __4_i~! Ii. fiB· .13 6.46:l: .. 36 24.12:1: 6.15 .1. 62:l: .49 40.0 

Allphenotypes ......1__54_~~15,.8 6.36 89.16 15.64 139.3 

405: N·ormnls....._....__....1--30-1~15. i7.:1= .1215, 4i:l: .13 129.31:l: 5. 9517.05:l: .34 174.1 
OJft~·pes ....._............ 12! 22.2' 5,69:1:.22 !5.S5:l: .34 82.92:1: 8.44,' 4.S6:l: .61 120.0 
AberrBlIts ........... ,.. 2:. 3. '15. 3,1:l: .50 0.52:l:. 37 19.05:1: 4.34 1.26:l:. 35 31.1 
slo"·grQwers......... ' •• I__1tl_I~,.:.~:I: .23 ~,3?~1 22.00:1: 5,56 1.44:l: .36 35.6 

An phenotypes " ....1· 54 i 100 15,75 I 5.77 95.16 5.31 131. 1 

406:Normnls.... __......_.' -, 50 j 92.6! 5.73:1: .OJ /1 6.18:1: .10 ,. 98.54:1: 3.69 6.04:l:.22 149.2 
OtItypes ............. _•• ; I 1.9.6.46 6.80 40.40 2.75 67.9 
Abernlnts __ ........... 1 1.9 ! .>.87 5.59 20••10 j 1.15 28.4 
Slow srowers ........ -.... 2 i 3.7 I 5.58:1: .. 01 I: 0.62:1: .20 25.10:1:.3011. 6tl:l: . 03 ~ 

'.II phenolypes ...... 54 1 100 (s.•4 • 6.19 93.58 !5.72 141.£ 

407:Normnls ........ __...... --38-,'--::-; 6.00:1: .02! 5.41:l:.11 113.H:l: 4.7616.09:l: .24 150.4 


~l!!~~~~::::::~:::::: I~ I ~.4 :..~:~:~.:~~.!.~:~~~.::~_ ...~~:~:~.~::t~:~~.:~~. 94.6 
Slowsrowers ............ 5( 9.3 i 5.'0:l:.33 5.54:l:.51 28.00:l:11.091.74:1:.73 43.0 

An phenotypes ..........1 54' 100 \ 6.9S /5.44 96.87 5.23 12<J.l 


416: INormals................. 30 55.6 6.04:l: .02 a.aO:l:.03 108.70:1: 5.10 5.75:l: .2.~ 142.0 
Otftypes" ............ _ 7 13.0 5.;9:1: .27 4.97:l:.oo 100.69:1:14.00 4.59:l: .09 113.3 
.\herrnnts _........... 2 3.7 ' 5.26:1: .·IS 5.S4:l:.09 35.10:1:17.60 1.92:l:. 78 47.4 
Slow growers.. ..... .... 15. 27.81 5.82:1: • (13 5.93:1:.17 30.14:1: 5.19 I. i6:l: .2'J 43.5 

--I~--' ----\---.\- 
.\Uphenotypes . ..... 54 I 100 I ~.92 1=5=.=45===1==8=3=.1=1===1=4=.3=5===1==10=7=.4 

Gal: ---;=/'"

Normals................. 49 90.7 5.•9:l: .02 0.73:1: .03 94.54:1: 3.72 6.27:l: .21 104.8 

OtItypes ............. -. 0 0 j..........1" ..................................... """--


Aberrnnts .._.......... 2 3.7.6.30:1:.5.1 7,41:1: .37 15..SO:l: 2.20 1.10:1:.14 28.6 

Slow srowers ......... _~_.__5~_l_~~:I:=~.2~~I:l: .16 17.03:l: 5.07 1.29:l: .37 31.9 


.\11 phenotypes .• M 100 5.$:! ;0.80 87.31 5.81 143.5 

All strains: ===--=i " 
Normals. ......... ..• 2721 no, 5.S4:l: .01 6.0!1:I: .02 105.80:1: 1.54, 6.35:l:.10 156.8 

OtI\ypes... ......... ••• 47 12.4 '15. S4:l: .03 5.58:1: .15 SO. liS: 4.87, 4.72:1: 27 116. 6 

Aberrnnts.. ........... 10.f. 2.6 5.f~l:I: .2S 0.14:1: .:12. 24,30:1: 3.7911.42:1:.l7 35.1 

Slow growers.......... 49 i 13.0 5.87:±:.03 6.38:1: .13 26.23:1: 2.53 l.tl6:l: .16 41.0 


All phenotypes....... -mrloo--r5~84--- 6.~07--- 00.-9-4-- 5.41 
 133.6 

http:mrloo--r5~84---6.~07---00.-9-4--5.41
http:5.87:�:.03
http:3.7911.42:1:.l7
http:6.35:l:.10
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leuf cha.ractcristics, and growth, The ofl'types differed from the 
normals in flower and leaf chamctel's, Offtvpes may arise from 
mechunicul mixing of seed or as segl\?gates from"hC'terozygous parents. 
The slow growers started growing late in the growing seaSOn or grew 
,ery slowly after trn,I1Splallting, They resembled tho nOln1uls in leaf 
shape but were considerably smallN', The abermnts were of about 
the same S1;...., as the slow gl'OWCl'S, but their leaves were thick and 
irregulul', their' flower stulks wel'e usually thicker thall those of the 
normals, nnd theil' fJo~n'l's ,\'el'e uS~l(llly htl:,ger m,ld often dist~l'te~l; 
these plants were descl'lbed by Stebbms and Koclul1l (8) as autotllplOld 
and by Po"{ers lwd Hollins (Ii) us nbel'l'ant. 

Significant n.nd highly signific:1nt t Y:lIlIes (3, 7) were obtained when 
the ml'n.n diITel'enccs in ruhbel' content, shwb weight, and nlbber 
yield for til(' fOlH' l)henolYPl's wert' lC'st('cl. This was ll'lIe both 
within and among stl'n.ins. The pC'l'c('ntllgc of plantR in t.he four 
classes did not n.gree with expeetation of h0111ogellC'ity but ;Yieldcd a 
highly significn.nt x2 (tn.hle 3). The resin content was unifol'm for 
strains and for phenotypes, 'rhe normal plants ·were superior ill all 
cases for shrub weight and rubber yi0ld, Thus, in order to improve 
rubbN' yields, it would be d.esimblc Lo 0limiwlte the offtypes, n.bel'muts, 
nne! slow growel's from the comnu.'l'ciu.l strn.ins, 

TABLE 3,-x2 Jor phenotypic frequencies for 7 commercial stratns oj !7l1aYllle 

x' fQr IIldh:at~d class 

Commerl;lnl strnln 'rotalx' 
Slow

~llrll1nls OITlypes 1Aberrnnts I growers 

10.2S 15.47O. ~n I 1.2V[
4.85 1,20 g,38l~:::~:::::~::::·:::::::::::::::::::::j ~:~ j :~~ I4.1n 1.20 7.7S 
<I.S~ .11 1I. iO3.5i I
2,.0 . 1. <I() .5i 4.75 

.. 21; D. J.I . 1I. ·15.Ill!~lt~~~~~:L·<~~:~:::::~:~:~~~:~~;~~~~U ~~~ll O. iO .211 ~,29 If 11,87--- !--- 
'rotal x' ..••...•........••... , •.. ,,,! I5.nO I 10.44\ 71.,10·· 


_____«_.________.:..1___'--__33~:!_I__.~·.GIiJ 
·'>0. 01 level of probability. 

A comparison of the nomml pln.nts of all strains showed the 
superiority of 109 in rubhC'l' yield, 'r11is str1l.in rn.nkpd first in rubber 
content ttlld sC'concl in shrub weight, Xormals of 405 produced the 
highest shrub weight, A combinution of the high rnbbC'l' content of 
109 and the shrub weight of 405 would produce itbout 218 pounds of 
rubber per aero; this is a 13-peL'cent incl'('n.5(, over the normals of 109, 
The normals of "116 pl'oducC'd the lowest rubber yield; nlthough they 
ranked fourth in shrub weight, the low rubber contC'llt lo,,-ered the 
rubbcl' yield, 

Stebbins and Koduni (8) rep01'ted that In.mes Bonner found the 
rubber content hi~hl'st in th0 twigs of 6-month- to 1-year-old plants 
of 74-chromos<;ml0 guaY1.1Jc .(72±-('h~'olll~som0 group), lowC'st in the 
36-ehl'omosome plants, and. llltl'l'Il1('(lln.te 11l the u4- to 58-dlL'0l110some 
and the 108- to Ill-chromosome pln,nts, I,'rom this it waS infC'rrC'd 
that thC'sc were pl'C'liminary du,ta l'('gnrcling the relation of rubber 
conknt f\,nd chromosome 1111111b('[', As 1\0 men.surc of the amount of 
variubility present in Bonner's mn.teriul was gh~cn, it is not known 
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VARIABILI'l'Y OF CERTAIN CHARACTERS OF GUAYULE 

whether the differences were genetic or were mn.nifestn.tions of sn.mpling 
variability. Also, the stmins used mny not haye been I'C'prescutativc. 
snmples of the chl'omosome groups. In o.ddition, it may be' pointc>d 
out,thnt only a fail' reln,tion Cr=O.668; see table 4) wns found between 
rubIJer cont,ents of tIl('. branch snmple n.nd the rest of lhe plant, 

The elMn. from this tcst indicnte thn.t the normnl 1-yen.r-old plnnts 
of the 54±-chromosome gunyulc stro.in (l09) n.re signifi.en,ntly higher 
iUl'ubber ('ontent thnn those of the strains from the 72±-ehroll1osome 
group (130, 405, 400, 407, 410, nnd 5{)~·!). On the n,'el'nge the n.bcr
rn.nts were slightly but not signifielllttly lIigh(,I' thn.n the Ito1'11ltl.l plants 
in )'ubber content. li'or this e.xpcriuH'nt 110 stlLtl'l1ll'.llt cau be mude 
l'('gal'ding l'ubb('r eOllt('nt n.llli eh1'omosomc lIumber 1'01' guayulc 
because there 'nrc not enough strains to be l'epreselltaLiYe of either 
chromosome gl'OUP, The fl'eclUt'ne~' distriblllioll 1'01' rubber cOlltont; 
of the branch (sec tn.ble 5) indieates lhnt it wonld be risky to dmw 
conclusions from a few sn.mplC's, ApPfLl'l'nt difYl'I'CIlCC's under con
ditions of inn.dl'(l'lI!1LC' sampling ma.y be duC' to the vltriability in the 
strains, 

RI':LA'l'ION lll~T'rl':gX PLANT CHARACTEHS 

NATUHE OF THE ItELATIOX 

Scatter diagrams wel'e pl'C'pared for eneh of the comparisons of the 
plant eha.meters studicd without l'C'gard to strn.in difl'l'I'C'ncC's, '('"pall 
inspection of the din.gmms it wn.s evident tho,t the l'C'ln.tious between 
height, spl'l'ad, and shrub wC'ight were CUI'vilincl1,!'. A transi'ol'Il1n.tion 
of the datn. to 10gn.ritiJms WltS'1l1f1.dl' for thesC' duu'll,etcl'$. The S(,Il,tter 
diagrnms of the'tl'an.."fol'uwd data Sho,\-C'd the Ie1n.tiolls to be lineiLl'. 
The relations oj' the l'pmaincl<'r of tl1(' ('ompn.I'isons \\,C'I'O linN!'I'; 11('l1eo, 
no transformn.tion of tbr datu was 111(1<1C', ,Yhcn tiw da.tlt wel'e tl'C'ftled 
as des('rib('d, lin('n.r l'Pgl'pssion C':q)]n.in('c\ tIlt' ([cyin.lions due to rC'gres
si'on and the calculn.tions \':C'1'P simplifird, 

'rhe incl'en.se in sp1'C'ILd for n, Iltl'ge plant \,'n.s gr('atol' 1)('1' unit inel'ca."le 
of height than for 11 SIl1fLll onC'. This fad· accounts for the Cl11TiIim'n.ri ty 
of the regression for these cbn.1'!1('ters, In a like mannel' the increase 
in shrub weight 1)('1' unit incl'C'l1Se of height or sprcn.d was gl'entel' for a 
large pln.nt thn.{l for n smnll OI1C', Hl'IH'C', it follows thnt the l'riation 
between shrub weight n.nd height or :>l)l'cad probably is u funetion of 
the total surface urea or the volume of the lLPl'ial portion of the plant 
rather thnn of the spl'encl 01' the height u.JolH'. 

The amount of the vn.ri:1Ilc(' in pIn,nt B])l'(>Utl un('xplnined by the 
linenr regr('s1lioll of spr(,fLd on hrighL \\':ts ~(j ppl'('ellt for the unlrans
formed datn. and l!) p('l'cent for the truIlsfol'l11l'd, Thus, 81 pN'ccnt of 
the Ylu'in.Tl(~e in spr('n.d wn.s n.::SO('.ifLLed with ('ol'l'pln,ted changcs in height 
wh(,11 tlH.' logn.ri thmie tl't1l1')fol'l1lltlion wus m;('cl. Tbp logarithm of the 
shrHb weight wn.s eOl'l'C'luted with the logurithm of' hpigbt to the C':dt'nt 
of 0,911, ,\'1)(']'('(t8 fL lowpl' cOlTPltttion, O.R~7, WliS obllLill('d from the 
untrfLllsfo]'ll1ed datil., For ll'n,IlEfol'mC'cl data s:~ pC'l'eent of the vfLl'iance 
in (lI-v weight of shrub was a!'soeiatr'd 'with HI(, c0rI'platrcl changes in 
plant height. Ninpty-ol1e P(,I'('t'llt oj' the Yn.rinnc(' in the' logarithm 
of shrub weight wn.s n.ssoein.ted wiLh the ('01'1'C'lated chunges in the loga
rithm of pln.nt 8pl'e!1d (transformed dntn), wi1Pl'('ns only 82 perccnt 
wns associated where the dn.tn wpre not tl'fLllsfol'med, For these three 
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comparisons the 100'arithmic transformation decreased the amount of 
the variance unexplained by lineal' l'egrnssion from one-fourth to one
half of that obtained by not employing the transformation. 

CORRELATION AND UEGUESSION COEFFICIENTS 

From the data in table 4 it is evident that spre.'1d and height were 
reliable characters for predicting shrub weight. Also, the circum
ference of the crown, a character used by many workers to give an 
indication of growth in fruit trees, was a good indicator of shrub 
weighti but the difficulty in taking this character without digging the 
plant would make it impractical. A multiple correlatiun coefficient 
of 0.912 was found for shrub weight on height and spread, while that 
for the logarithms of slU'llb wp.i;:;ht and height and spread was 0.961. 
After the transformation of the data to logarithms 92 percent of the 
variance was explained by regression. This was little better than 
the correlation between the logarithms of shrub weight and spread. 
Height dil', not add much to the information about shrub weight, but 
as an indication of yield of shrub it may be well to record both 
height and spread. 

Rubber content of the branch was the only one of the recorded 
characters sufftciently Telatrd to Tubber content of the plant to 
warrant consideration for srlrction purposes. Size 01' diameter is a 
helpful indicator for the bettrrment of sampling techniqurs for branch 
samples. To remove some of the variability for the rubber content 
of the bra,11c11, samples should be of the same or neady the same 
diameter. Unpublishrd data of Holmes 7 indicated that the rubber 
C'Jntent of the brn.nch samples from different parts of the plants 
vai'ied significantly. To obtain a relative comparison among individ
ual plants and strains, it rna,}, be wr11 to control these sources of 
vari,ation by the proper exprrimental <1rsign8. Also, it was possible 
to remove some of the sampling vluiation by correlating moans of 
branch samples with means of the same plnnts. Furthermore, if the 
rubber ccntrnt was determined for composites of the branch samples 
and of the plants from w1::t'h the branch saplples came, the amount 
of the varin,tioll explained by the ]'rgression of rubber content of tho 
branch on that of the plant would be as large as. that obtained 01' 
larger. It would be larger whrnever there is sampling variation in 
rubber-conlr11t determinntions. 

The individunl r values for strains for rubber content of bl'l1nch on 
diameter of wood give an indication of one of the SOUl'ces of variation 
in the rubhct· contrIlt of the hranch. It is notrwol'thv thnt the con'ela
tion coefficirnt nrnl'rst zrro was for strnin 405 ami that the one for 
rubber c011trnts of the brnlleh and of Ihr plant wns the hi.ghest for 
this entry. '1'he lattrl' was lowrst for sirnin 130 for which thr correla
tion for rubbrl' contrIlt of the bmllch on diametrl' of the wood was 
the highest. In view of this it i.s likrly that varying thr. size of branch 
affects the val'intion in l'uhbrr content oJ the brltnch and thus the 
correlation br{ween l'ubher contruts or thp brunch and of the plant. 

The cOl'l'rlntion coefficirllt. for shrub weight 011 gl'rcn weight of 
plant was high; by removing Lhe di1l'rl'cI1ces between replicates it 

7HOLMES, It. L. Unpublished dutll of ~pceilll O\U~'yuJc llcscnreh Project. 
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TABLE 4.-Correlation (r) and regression (b) coefficients for various characters oj l-year-old plants oj 7 commercial strains oj guayule 

~ 
Value for strainComparisons Cor- . Coem'l 593 Value for Linear relaUon ~ 

cient total .....Each 

§Total 109 130 405 406 407 416strain 

Number Numbtr 
r 0.913" 0.819" 0.004" 0.882" 0.000" 0.937" 0.878" 0.89S"Log oC spread on log of height •••••••••••••••••••• 00 300 { o 

t 
b 1.06 .996 .915 1.16 .9iO 1.03 .881 .OS7 I:j 
r .928" .S70" .S91" .843" .939" .949" .927" .9U"Log DC shrub wclght on log of height ••••••••••••• 50 

300 b 2.60 2.00 2.39 2.32 2.28 2.83 2.30 2.46 
Log of shrub weight on log of spread ••••••••••••• 00 350 r .OfHu .946" .944·· .900·· .953" .974" .940" .052" ~ 

b 2.32 2.23 2.00 2.00 2.17 2.64 2.32 2.34 
Shrub weigbt on circumference DC crown •••••••••• 50 350 { r .83S" • GIS" .. 857·· .. 634·· .740" .774" .691" .758" 

b 27.7 21.S 32. 2 24.3 20.5 29.4 25.2 27.2 ~ ..... r '"" 964·· .91S" •971" .912" .915" •907" .948" .94S"Shrub wcight on green weight 01 plant••••••••.•• 00 Zb .317 .315 .342 .337 .354 .34S .320 .334 
r -.239 -.207 -.39S" -.263 -.084 -.499" -.630" -.302"

350 i 
Rnbber contcnt on sbrub weighL•••••••••••••••• 00 300 Qb -.005 -.003 -.007 -.006 -.001 -.009 -.012 -.007 

.900··Dry weight of lea\"es on shrub weighL._••.••••• 10 ------------ ------------ -------.-.-- ---.-------- ------------ --------- .. - -----------
b .314 
r .239"Resin content on rubber content oC plunt._•••••• 50 350 

Rnbber contcnt 01 branch on rubber contcnt of Q 
ro !b 

r 

.100······~h'::I·:···~~rl······~~~::I······~~::I······~~g::1······~~~::I······~r~:: ~ 
r .668··154 3ii?r;:~I~i.ibbiir·t:onieiii·oiiimnci;oiiiiieailrubber· b .007 . .4S1 .692 .870 1.10. .464 .755 .~oo ~ -------::"--- 1------------1-------____ .. 1____________1____________ 1____________ 1___________ ..r .SOO" 
b 1.25 Ul 
r .163* 

contcnt oC plant for 6 plants•••••••••••••••.•.•• 9 63 { l:\j 

Rnbber"Contcnt 01 branch on dlamcter of wood •• '22 153 { ······:~fr·-·-:~;;r····:~··r···-·:~··r··::~fl······:~-·r····:~~-·b .003 
l'roportion of wood on rubber content of branch •• '22 153 { r -.077 ~ 
Proportion of wood In branch on rubber content b -.005 

r ·........···1··-·······-·1·····....."1·'·'-'" ····1-·-·······"1'..-.......·1"-"'_·.... o
01 plunt•••••••••••••••••••••••••••••••••••••••• '22 153 { ------------ ------------ ------------ ------------ ------------ ------------ ------------ -.162' 
II ------------ ------------ ------------ ------------ ------------ ------------ ------------ -.014I ~ 

'>0.05Ie\"el of probability; ">0.01 level of probability. 1Except for 130 for which n=53. J Except for 130 for which n=21. q 

~ 

co 
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could be increased. Such differences were due mainly to the fact 
that different intervals elapsed between the times of digging and weigh
ing of the plants from the different replicu,tes. This was quite evident 
from the scatter diagram of these two chn.I'Ucters. That is, the plants 
from some replicates dried out more than those from others before the 
green weight.s were taken. Time interval had no effect on shrub weight, 
since the plants were dried t.o oven dryness some time after they had 
been air-dried. On t.he average, one-third of the green weight of the 
plant was shrub weight and tho rest was moisture, dirt, and leaves. 
Green weights are useful in isolating errors in shrub weights and 
in strain-yield comparisons. 

A highly significant negative correlation was obtained for rubber 
content of the plant on shrub weight (table 4). It has little value 
from a practical stabdpoint" because it was low and the negative 
relation may have been caused by the fact that the aberrants and 
slow growers had avernge higher rubber contents and lower shrub 
weights thun the offtype plants (table 2). Even in the case of strain 
593, for which the correlation wus highly significant, the regression 
of rubber content on shrub weight of the plant was small. For every 
100-gm. incrense in shrub weight the decrease inl'ubher content was 
1.24 percent. A lOO-gm. plant with 7 percent of rubher would produce 
7 gm. of rubber; a 200-gm. plant would contain 5.76 percent of rubber, 
but it'would produce 11.52 gm. of rubber. In view of this and the fact 
that r WfiS relatively low, theI'(' appen,r to be good possibilities for 
incrensing yield of rubber by selecting larger plants. 

The relation between r~sin and rubber contents of t.he plant was 
highly significant, but only a smnll percentnge of thc variation in 
l'ubb('r ('ontent was expln.ined by regression. ''1'ho l' values io1' 109, 
405, 407, and 416 werc highly significnnt stn,tisticnlly; but. they were 
not. signific!tnt for 130, 406, nnt! 5n3, which are very much alike 
pbenotypienlly. Thus, there !tppeared to bc a difference in groups 
with respect to the l'elution of these chnrncters. In !tn.v event the 
relation was not. high enough to preyent selection for errch character 
almost independently. 

FREQUENCY DISTHmUTlONS OF PLANT CUAHAC'l'EHS 

The frequency distributions (tahle 5) give the experimenter in 
gu!tyule an indicntion of the vnril'tbility in plant ChILl'flctcrs. For such 
chamcters as shrub weight, weight of rubber, and rubber n.nd resin 
contents of the brunch the frequency distributions indicate that gross 
errors in conclusions may result wJ1('n experiments Me based on too 
few plants. 'With such heterogeneolls populutions the problLhility of 
getting plants for difrerent treatments from opposite enels of the dis
tribution is not improbn.ble foJ' small samples. Consequently, bccn.use 
of the confounding of the gellotype and treatment efrects, no reliable 
statement could be made regarding the treatment. 

The distributions of plnnt height and spread were skewed to the 
Jeft, whereas the distribution. of slu'ub weights was fai.rly well scattered 
but n.pproached normality. A compnrison of the distributions of 
rubber contents of the plant and of the brnnch reveals the greater 
variability in the branch samples. Therefore, the variabili(;y for this 
character should be reduced in order to obtain reliable estimates of 
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TABLE 5.-Frequency distributio1lS of 11 II/unt characters of l-year-old plu7Its of 7 commercial strains of guayule 

l'lnnt chnracter Clnss bending and frequency in eneb clnss Total ~. 
1111 bt I{(,lnss (em.)_. __ •• 1-5 (HO 1115 16-20 21-251 26-30 31-35 """" ' ••••--••••- •••• ' ••••••••••••••••/....---••- ••••.•••- ••••••.__•••~ 

c g.", .••••••••..• , FrCfluN1CY•• "". 0 7 23 33 110 IG3 42 ••••.•••••••••••••••••••.••••••••••••••••••••••••,...... •••••••• 378 

Rp end, I{C'IMS (CIIl.) ••••• -W --o:=ro 11.15 21-251~~ 36-10 46=50====,========16-20 ~ 
• r ..."."..... -.' J'rcqllcncy. .... 0 2 7 15 28 20 8G Jl2 87 15 •••••••• •••••••• ••••.••• •••••••• ........ 378 ~ 


5HOO 101 150 201 250 251 lOO 301 350 35 401 451 500 551 oOrc~n weight vf plnnt. I' ('las, (gIll.)
lFrcquNl('Y, 19 24 ~>Q 36 75 64 41 3S 16 9 6 1 1 •••••••• •••••••• 350 ';;l

1-50 1 1 - 1151.l>oO 1 • 1 -: 1 - 1 1-400 1 -450 1 - If>Ol-55() 1 -600 IGOHi50 I········~·······I········ 
Shru1n\'i'ight. ••. , ' •• ,I{\lns.~ (gm.) ~ 2l~0 1j:~~i 6I-SQ "'8HOO JOI-I~ i2H'4O HH~ 161-180 iSi=2OO======== ........== 


rrr!)IIl'flCY. 20 _0 ,,0 4, 80 ,S 45 23 14 3 •••••••.••.••••••, ••••• •••••••. •••••••• 378 

7•5 m• {ClOSS (em.) •• '1.2.6'3. 0 13.1-3 ..513, I.H, 0 1,1.1-4,:; 1'1. 0·5.0 15• 1-5.5 J5.Ii-6.0 IG. Hi. 516.6-7.0 17• 1- 7. f.-8. 0 S.I-8.5 8. 6-!l. 0 I O. I-IIO. I-I'······· ....ClrCUlUrerenCC or CroWD I 'I 10.0 10.5 
Frcqll~lley. ,.. 8 7 l!l 17 22 42 75 8-\. 38 25 11 7 1 0 1 350 Z 
C1I1SS (gm.) • U.1-I.O 1.1-2. a 2. H1. 0 3.1-4.0 4.1-;'.0 5. Hi. 0 0.1-7.0 7.1-8.0 B.I-9.0 9.1- 10.1- 11.1- 12. 1- ._.__._. ""_'" ._••.••• 6 

10.0 11.0 12.0 13.0WrJght orrubbcL ·····1{ Frequency.. ., ,15 fj 0 1 1 __ .._____ 1__ ..... ___ .. 
III

17 28 21 31 47 67 82 37 26 378 t----I----------- R.uhber content oflrC:IIISS(f){.r~lltL 1.(;-2,0 2.1'2.5 2.6·3.0 3.1-3.5 3.6-1.9 4,1-4.5 4.6·5.0 5.1-5.5 5.6-6.0 6.1-6.5 6~6-7.0 7.1-7~ 7.6-S.0 8.1·S.5 B.6-!l.0 •••••,.;. ~, 
plant.......... , •••- l Ercqucncy...... I 0 I 0 • 2 13 20 5-1 85 92 63 .., 1-1 3 2 .3,B S' 

-----,,----------------------------- ti.J' 
nubllCr content of {('lns:t(f/CrCNlt).2.1-2.S.2.6.3.0 3.1-3.5 3.6-1.0 4.1-4;0 4.6·5.0 5.1-5.5 5.6-6.06.1-6.56.6-7.07.1-7.57.6-8.08.1-8.5 !!.6-9,0 9.1-9.li ••--.-•• ::J;1 

brancb , ......... "'1 FrC!)IWDcY...... 5 S 1-1 38 36 4{) 62 44 51 41 17 13 6 I I 377 ai 

Hsill cont~D~ or plant {(,lass (Jl('rCO!nt) . 2i=2.5 ~ 3.1'3"7 a:G:i:Q 4:'H.5 4.6=5.0,5:'1-5.5 5.iHi:o 6. Hi. 5 ii:ii=.7.iJ 7.i=7.5 7.6=8.0 8.Hi:5s:ii=9.O,==,==
~ , Fr~qu~ney•..• " 1 0 1 2 3 1,2 I 55 172 103 23 5 a 0 1 ••••_,_. 37S ~.-1---1_'---'---'---1---1---1---1---1---1---1---1---1--_1___ 

I 
rC'h\ssrp~rl-ent) •. 'J.l-5.0 5.1-5.5 5.G-fl.O 0.1-6.5 6.0-7.0 7.1-7.5 7.0-8.0 S.I-S.5 8.6-9.0 9.1-0.5/ 9.6-1 10.1- 10.6- 11.1- 11.6- ....__•• 0, 

Hcs!ncontpntofbralJ('h'~l 10.0 10. S 11.0 11.5 12.0 0, 
Frequency•• , ... __2____0_~ 17 ~~__39____51_-__34____34____24_1_-~--11----9----3_~ ~ 

Pr.oporUon of wood in {ClnSS (Jl('rCO!nt)., 0.51- 0.56- 0.61- 0.66- 0.71- 0.76- 0.81- 0.86- O. U1- ••....../'··. __••1·....·.. '-""" ....---..... -... -"-"" 0 
brancb ' 0.55 O. GO 0, r,S O. 70 0.75 0.80 0.85 O. !lO 0.95 • t":············..·1 Fro1ucncy•._•.o 1 6 38 47 27 16 21 9 31......................-............-.... ........ 168 l<'J 
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rubber content, of the plant. The distribution of rubber content of 
the plant was normal or nearly normal, whereas that of rubber content 
of branch had fewer individuals in the classes around the mean than 
a normal distribution should have. This was also true for resin con
tent of the branch. The resin conten't of the plant was very uniform, 
and the distribution was normal. 

Since these plants were selected at random, they are a good estimate 
of the amount of v{\,riability iu l-year-old plants of the seven commer
cial strains of guayule as grown from nursery stock. It is the practice 
of the nursery to cull and discard the smaller plants; it seems quite 
likely, then, that, some of the plant types may have been discarded in 
culling operations. Hence, some of the g8netic variation may have 
been discarded and, therefore, the variability of these varieties may 
be greater than the estimates presented. 

EMERGENCE AND UNIFORlIIITY·OF·TYPE DATA FOR OPEN,POLLINATED, 
INDIVIDUAL·PLANT SELECTIONS 

For a more successful crop, gUl1yule strains which are relatively 
high in percentage of emergence, require a short period for emergence, 
and are uniform with respect to type and growth characteristics orc 
needed. In 0 n attempt to improve the seven commercial strains of 
guayule wiGh respect to these tlJree characte1's, It large number of 
open-pollinated, individual-plnnt selections (table 6) were made. 

TABLE 6.-Range in means for percentage and time of emergence and proportion of 
aberrants and ojJt,I!pes in 8 lesls on individual-plant selections from commercial 
strams of guaYlllc 

Range of character 

Selec·Commerciai strain from which Time of emergence Proportionofofftypetionsin Pian ts emerging seiections were made test after pianting and aberrant plants 

1:I!gh Low Earllest Latest Low High 

Number Pucent Percent DaV8 Dau! Percent Percent 
109•••"" •••••••••,.__ ••••••••• 62 6.0 0 6.0 13.0 0 33 
130••••••••••••••••••••••••••••• 49 6.7 .7 6.7 10.4 0 80 
405••••••••••••••••••••••••••••• 121 12.0 .3 6.6 12.0 0 43 
406••••••••••••••••••••••••••••• 49 9.3 .7 5.7 9.4 0 100 
407••••••••••••••••••••••••••••• 343 9.7 .3 6.0 13.0 0 75 
416••••••••••••••••••••••••••••• 48 6.7 .3 5.0 11.3 0 100 
593••••••••••••••••••••••••••••• 19.7 .3 5.7 12. 2 0 100 
Miscellaneous.••••••••••••••••• i~b I 13.3 0 6.8 21.5 0 100 

The percentage of emergence anJ the fl'oquency of OCCtll'l'fmCe of 
aberrant and offt,ype pln.nts mayor may not have been influenced if 
the parent selection hod been isolo.ted (5).8 The phenomena of fer
tilization and incompatibility mo.y alteL' the e::-.-pression of these two 
characters. PO'wers and Hollins (5) showed that the frequency of· 
occurrence of aberrants and offtypes from seHed material was usually 
lower than from open-pollinated rna terio.l. On the basis that reproduc
tion in the chromosome groups containing the se\ren commercial strains 
was found to be largely pseudogamous (5)8, the progeny from Open

• POWERS, L. Unpublished data of Special Guayule Research Project. 
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• 
pollinated materia.l will resemble the maternal plant to a large degree. 
Because of this fact and the impracticability of selfing such a lnrge 
number of selections, open-pollinated material was 115ed. The effect 
that Ly{}us spp. (6), nutrients (9), and climate 9 may have had en this 
low emergence percentage was not known definitely. Lygus spp. 
haVI.' been sho wn to have some effect. Powers 10 and Powers (l,nd 
Rollins (5) have shown tha t the major cRuse of lOT percentages of 
emergence is gl'netic. Such factors as mule gtel'ility and incompati
bility complicate the problem of obtaining seleclions ,,:hich al'e high 
in en)('rgence. 

]l'om a practical staudpoint the best selections as grown in this test 
are much 10woI' in emergence than desired. Thercfore, th(' only hope 
for obtaining strains high in emergc'ncc is to obtain a widel' bas<\ for 
selection than thes(' seven comm('reiul stl'llins off('r. Dl'spite this 
fact, however, the seven comm('rcial strains can be improved by 
selection. 

By use of the ;(2 t('st the diff(,l'('l1ces among the s(·lections for per
centage of emergence were found to be statistically significant, 
Therefore, individual plants can be soIected from tlwse heterogeneous 
strains for a higher perc('ntage of emerg(,llcc. Selections from 593 
appeared to offer tlw best possibilities for higher emergcnce 
percentages. 

• 
Significan t differences weTe found to exist among the selections 

witllin an experiment for earliness of emergence. 'Selection for this 
character appears equally good in all the strains. The selections 
within a strain were fOlGJ(1 to cliffeI' significuntly with respect to 
the frequency of aberrant and offtype plants. A large proportion of 
the progeny of the selections of 109 were free from aberrant and 
offtype plants. This was an indication thnt a large percentage of 
the nonllormal plants of 100 come from a meclmnical mixture. This 
strain offers considerable promise in selecting plants whose progeny 
produce few or no aberrant and ofhype plants. 

In the miscellaueous experiment aberrants and offtypes were 
included to d('termine their bl'cecling behavior. In all cases the 
offtype plants produced progeny similar to thl' parent plant; that is, 
an offtype plant from stmin 109 produced ofYtype plants rather than 
normal plants of 109. The ahcrrn,nt plants jll'Oduccd mostly aber
rants. However, some nOl'mnJ plants occulTcd in the progeny of the 
aberrant plants. The explanation for this phenomenon is not known. 

• 

In addition to the yariabilit~r pl·t'viously shown (tables 1 to 5) for 
the seven commercial guayule Yarietit's, these data (tables 6 and 7) 
make it evident that considerable work is required before a uniform 
val'ir:lty of guayule can be produced. A strnin tluct is ht,terogcneous 
and heterozygous for the timo antI percentage of emergt'llce and for 
the type of plant il::l very likt{y not homogeneous and homozygous for 
otht'r characters. In support of this contention soml' st'lC'ctions were 
uniform for growth in each of the thrN' replicates whN'cas others 
woro extremely variable. No nH'asurements for uniformity of growth 
were recorded, and the heterogeneity for this chliracter is from obser
vation only. 

g BE~ED!CT, H. ~r. lInpublishecl data of Special GU!1.yule ReRe!1.rch Project. 
10 See footnote 8, p. 12. 
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TABLE 7.-Time-of-emergence results for individual-plant selections from commer
cial strains of guayule 

Proportion of plants emerged by specified time after plantingCommelclal 'I'otalstrain from plantswhich selections 4 e 8 10 12 14 16 18 25 emergedwere made 1 days days days days days days days days days 

Percent Percent Percent Percent Percent Percent Percent Percent Percent Number 
lOil••••••••• _._ ••• 1.1 21.: 57.2 82.7 92.9 97.3 09.2 100 100 529 
130............... L4 :11.8 67.2 8\1.2 93.1 98.4 09.0 100 100 491 
405•• _••.••••••••• 2.0 33.7 67.0 88.S 95.7 98.6 99.5 99.0 100 2,06o 
400••••.•••••••••• 7.6 47.1 76.2 91.5 95.5 97.6 98.9 100 100 621 
416•••.•.••••••••• 8.3 47.8 73. i 90.1 90.1 9S.2 98.9 00.8 100 33 
593............... 1.8 19.9 59.4 82. ; 93.0 96.5 98.1 98.8 100 11, " •220 
Miscellaneous.••• .2 15.9 59.9 82.5 95.0 97.2 98.2 00.3 100 1,157 

All strains.... 2, 1 --zt5!' 61.G 84.293.7f97.0I0s:4IU9.1floO 16.51 

I Test on selections of 407 not included, as the counts were made on a different sequence of days. 

In the formation of an improved st1'!1in sclfeel progeny from the 
better selections in these tests should be isolated and tested for Lhe 
desired characteristics. Then thc bctter selections from this test 
would be bulked, and an improved variety would result. The first 
step in the improvement of existing strains is the elimination of 
undesirable types; these are selections which are low or slow in 
emergence, which contain a high prrcentage of aberrants and oiftypes, 
or which are not uniform for growth. 

The proportion of the plants emerging on a specified day after 
planting is presented in table 7. Slight differences existed among 
the comme,rcial strains in the percentages emerging on the different 
days, but III all cases about 97 percent of the plants had emerged 
within 2 weeks after planting. 

DATA FROi\I STRAIN TEST 

PERCENTAGE OF ABER~~NTS 

As the aben-ant plants 'were smaller than the nonaberrants (normals, 
oiftypes, and slow growers), the yield of shrub ·would be affected in
versely by the percentage of aben-ants in a strain. Hence, the superior 
strains would be those which produce few 01' no aben-ants. The 
magnitude of the size difference is estimated III table 2 for the seven com
mercial strains and in table 11 (p. 19) for the entries in the strain test. 

The percentage of aberrants was recorded for each of the 44 entries 
in the strain test. Although none of the strains were free from aber
rants, some were nearly so. Strain 42478 produced 2 and 3 percent 
of this plant type, and strains 42475 and 42435 each produced 4 per
cent. These 3 selections were superior to all the other strains in this 
test. A.t the other end of the range 42451 and 42469 produced 58 
percent of aberrant plants. Thus, there was considerable variation 
among the strains. The amount of variation 'within each of these 
strains was not known, but in light of evidence presented earlier in 
this paper (table 6) it appeared possible to select from some strains 
individual plants which do not produce aberrant plants. The 8 
strains designated as commercial (table 8) were quite different with 
respect to the number of aberrants produced. Among these strains, 
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• 

• 



15 

• 


• 


• 


VARIABILITY OF CERTAIN CHARACTERS OF GUAYULE 

42475 produced the lowest percentage of aben'ants and 42474 and 
42440 the highest. Thus 1 in 25 plants of 42475 was aberrant, while 
more than 1 in 4 of 42474 and 42440 was aberrant. Such a high 
frequency of aberrant plants as occurred in the last 2 seriously affects 
the yield of shrub per acre, which necessarily affects the yield of 
rubber per acre. 
TABLE S.-Percentage of abC7Tant plants of 42 strain.s of guayule in the strain test 

Ailcrrants AilcrrantsW. B. l'vfcCallum's W. B. McCallum'sStrain in 240 Strain ill 240 deslgnution designationplants plants 

PerC"1lt Percent
420178 _________ Mexican plant _________ _ 42480 __ _ _ _____ 404. ___________________ __

2±0.9 20±2.642478 _____________ do._.- _____• _________ _ 42,165 __ ...____ ·139____________________ __13±1.6 20±2.6 
42475 '._______ 109 (commerclal) _______ _ 4±1.3 42430. ________ 405 (commerclul) _______ _ 20±2.642435 , ________ J09 _____________________ _ 42467__ _______ 441._______ ....________ __4±1.3 22±2.742445 , ________ 111 _____________________ _ 42,/49 ' ____ • ___ 255___________ • ________ __8±1.8 25±2.842448 , ________ 210_____________________ _ 

8±1.8 42474_________ 406 (commercial) _______ _ 27±2.942460_ _ _ ______ 418_____________________ _ 42440_________ 130 (commercial) ______ __8±1.8 28±2.9 
42473 , ___ "____ 111 (commercial) _______ _ 42447_________ 130________.._____..___ __8±1.8 30±3.042458_ _ ______ _ 411. _________ .. _________ _ 42450 , __....__ 258.. ___________________ _9±1.9 :l2±3.0 

310±3.1 3·1±3.142477_ ________ 416 (commercial) _______ _ 42438_________ 441......_......________ _
424GB_ ________ 453_____________ "_______ _ 42440________ . 130-32M______________ __10±1.9 40±:1.2424GB..____ ___ 453_____________________ _ 42,171 .. ______ • 459-A....______________ __11±2.0 ··Jl±4.142452_ ____ ____ 404_____________________ _ 42470__ _______ 450._•• __________________12±2.1 42=3.242456_ _ _______ 405-2__________________ __ 42457_______.. 40ll-F___ ..__ ..________ __12±2.1 43±3.2 

1 15±3.3 H±a.242476.. _______ 407 (commercial) ______ __ ,12471. __ • ____ • 4OU-A __ .._..__________ __ 
42·154__ _______ 405 _____________________ _ 42437___ ..____ 40Il-D _____....__ .. ____ •• 
42453_ _ _______ 404-A____ •_____________ _ 42472_______ .. 735-2___... _.. __ ......__ _ 

15±2.3 47±3.2 
15=2.3 49±3.242455 _______.__ 405-1. _________________ __ 42466__ __ _____ 440 _____ ._....___________10±2.4 5O±3.242462__ _______ 426______________________ 42403___ ....__ 428__..____ ......______ __16±2.0\ 54±3.242459_ _ _______ 413 _______ • ____________ __ 42·16·1. ______ .. 430 _______• __________....17±2.4 55±3.2 

42-141. _______ . 593 (commercial) _______ _ 424401 __ .._____ ,19 ___...._______ .._____ __J8±2.5 55:1:3.24246L ________ 419..___________________ _ 42451. ___ .. ____ 402 ......____ .... __ ..._•• 
42441. ________ 593 (commercia!) _______ _ 42409__ .._____ 450..__ ......._._______.. 

18±2.5 58±3.2 
19±2.5 58±3.2 

1 120 plants. 
, 5,1±-cliromosomo group; tho remainder in the i2±-chromosomc group. 
'90 plants. .1,14 plants. 

'fhe range in frequency of aberrunts for the 54±-chromosome group 
was from 4 to 32 percent. This range was not as great as that for 
the 72±-chromosome group. This docs not mean that the range in 
the population for the strains with fewer chromosomes is smaller but 
probably reflects the difference in the number in each group, 7 strains 
in the 54±-chromosome group and 35 in the 72±-chromosome group.

As stated under Mnterials and :Methods, the pl[Lnts in the stmin 
test represent the progeny from the 7 strains in the commel'ci[Ll-strain 
test and from 35 otheJ's. There is no disagreement between the per
centages of aberrants in this experiment a'nd in the commercial-strain 
test. The difference was due to the fud that the mn terial in the 
latter was culled at the nursery before tra.nsplnnting. This lowered 
the frequency of occurrence of the abermnt plants. The same f[Lctor 
ex'])lains the differences between compn,mble strains in this test and 
the mi1tprin.] reported by Stebbins and Koda,ni (8, table 1). It was 
known thu,t some of the strains were culled before Stebbins received 
them. Hence, these deviations represent the intensity of culling 
opeJ·ations. Other phenomena, such as time of seed set and fertiliza
tion as affected by environmental changes, insect populn tions, or 
fo,'eign pollen, may result in a change in the frequency of expression 
of t.his phenot.ype. Discarding certain type plants was known to be 
one of the causes of, if not the cause of, the differences reported in 
these three instances for frequency of abel'rants. 
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A homogeneity test 011 the 42 entries which oppcarcd in oU 20 
re;>licates for the frequency of aherl'flnts in eaeh plot of 12 plants 
gave a value of 27.24 for ·./2x2

- ../2n-=1. Rince 27.24 was materially 
greater than 2, it was assumed that the value of x2 

, 662.94, was not 
in accordance with the expectation that the strain VfLriances were 
homogeneous. .Also the fl'cquency distl'ibution was skewed to the 
right. There were 122 plots which had no abclTttnts; 152 wit,ll 1; 
136 with 2; 102 'with 3; 95 with 4; 73 with 5; 66 with 6; 48 with 7; 
31 with 8; 10 with 0; 5 with 10; llnd 0 with 11 Ol~ 12, In light of this 
evidence x2 instea,d of the analysis of variance WfiS employed to find 
the pro bn bility of differences between strains with respect to the 
frequency of aberrant plants, 

The x2 value for stmins equals 1,502,75 (tn,ble 0), The probability 
that this large value wus due to challce is extremely small, lIence, it 
was fI$,mmed that there were real differences between strains with 
regflrcl Lo the frequency of auerrants. '1'11e low value of x2 for rcpli
cates fulfills e:\:pectation, There should be no difl'crence betwcen 
replicates with regard to the frequency of aberrants. '1'he interaction 
x2

, strains X replicates, represents sampling variation of the number 
of aberl'fI,nts in each plot. It has no biological significance. The 

x2interaction is 792.66. The value for ..J2x2 
- .,j2n 1 is 0.35, 

which agrees with expectation, That is, the differences in distribution 
of a berl'llnts for the different strains over the difl'erent replicates did 
not vary any more than may be attributed to chance. 

A check on the accuracy of classifying abelTu,nts was afforded in 
4 instances. The 2 entries of strain 42441 n.greed yel'y well; in one 
18 pel'cent of t,he plants were obel'l'ant and in the other 10 percent. 
The 2 entries of 42468 producecl10 and 11 percent of abel'l'fI,nt pln.nts. 
The entry of 42478 used in all 20 replicntes pl'Oduced 2 percent of 
abelT!!,nts and that used in only the last 10 replicates produced 3 
pen'ent. The cntry of 42471 used in all 20 replicates produced 44 
pen'cnt of abel'l'a nts alld thfl t lIsed in only tIl('. Iflst. 12 replie!! tes 
pl'oflucecl 41 percent 0 f abermnt plants, '1'his close agreement 0 f the 
2 sept1.l'I1te and independent, samples for these 4 strains reflected the 
accurllCY of clu.ssificntion and disit'ibution of the aberrant plants in 

x2the different stmlns. This confirmed the high vulue for strains 
and the low one for l'eplicntes. 

TABLE 9.-x2 vaZ1ICS for the different components for occurrence of aberrants in 
strains oj guaYllle 

D~~r~rs 01SourC('olvllritltion X'IreCllom 

stmins. __••••_•••••••••_••.• "' .••••.•• __..................... 4l 1,502, is 45. 82 

Replicntes••••••••_••-..... ... ............................... 19 17.07 ................ 

Strains X rep1iczltcs___ ....._~. ~ ~ '>Ow .... ____ .. __ ...... i,9 i92. 66 .35_ ........ ______ .... _.... 


1---·1----
TotaL...................._••••••••••••••••.••••__••••.• 839 2,105. 3u ,•••••••••••••••• 


HEIGHT AND SPREAD OF ALL PLANTS 

Growth measurcments (height nud spread) for the strains in ~he 

• 

• 

• 

strain tes~ were 1'ccor<1N1 (table 10) 011 2 different dates, the first 
during the latter pari of ;,'ffiY in the gl'eenhouse and the second during 
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the mideUe of August in the field. The ngreement bet,ween the plant 
heights in ~Iay nnd in August was not '~ery ('lose, the COl'relntioll 
being 0.534 for all the plu,nts in the fu'st 10 replicates. Thus, nbout 
28 ver'cent of the ynI"inIlce of the plnllt heights in August cnn be 
accounted for hy thnt in ~\Iny. In other "'words, the ngreement 
between the plant heights in the greenhouse nnd .field ,;,ns too low to 
be of llse in predicting pla,ut heights in the field. 

'rhe correlation h('tween the logarithms of the plnnt height anel 
sprend in August fOl' nIl plallts in the first 10 ]'('plicitt('s wa's 0.903. 
Therefore, n bout 82 percpnt; 0 f t11(' Ylll'inl1c(' in height \\·t1S nrcot! nted 
for by the nU'iation spread. The ('oJT('In.tions for the indiddunl 
strains ranged from 0,808 to 0.971. Sillce l)oth spl'Ntd and height 
fil'e impol,tant in determining th(' totnl weight of it pl:),nt, they fire 
useful in determining which stmins nl'e superior in yield of shrub. 

TABLE lO.-.Means and standard errors for plant height and spread of 42 strains of 
gllaYllle in 20 replicates at ;: stages of growth in the strain lest 

j Plant h~ight ! Plant spread 

Strain I 
 IMay 1943 IRank IAugust 1943 1Rank iMI\}' 1943 1Rank IAugust 1043) Rank 


Cm.-~.,-I. C~. I'-~! C~ j-I 0n. I' .. I 

4;;4!!l •••••••••••! '.~~l=O.6S , • I 10.00:;:0.54 1 ~ . ~.44:::0.6~ . ~ I 2O.9Q=!=1.~ I 

4.4,8............ 6.1 I:!: .36 I 6 I 18.15_.45 • '. iJ. r,o_ •.ao , •• i 2O.lo=: .s.; 2 

42471 , ........... 7.63:!: .55; I I IO.5S:!:. ilJ 3 ! SJ>3:!: .75 • I , 20. OS:!:I. 01 3 

42·135.•••••••••••• 7,02:: .31; 3 I IIi. 55:!: .<14 : 4, 6.26:!: .431 9, IS. co::: . i9 19 

42460............ 6,5':!: .30' 7 I 16.45:!: 59 5; n.r",:!:: ,4S. 4 I 19.60:!: .97 4 

42449............ 6. 54:!: .3~ 9 I 1I1,45:!:: .5!! . 6 5.gb:!: .40 • 17 I Ifl.bO:!: .SO 36 

42458............ 6. OS:!: .33 ! !l3, 16.35:!: .5~ , 7 5.~2:!: .40 I 21 IS.00:!: .95 12 

42450............ 5.72:!: .36 36 I 15.90:!: .;'71 S 5.05:!: .41 33 j 16.05:!:; .7·1 46 

42467............ 5.66:!:. 37,' 3S i 15, is:!:: .42 9 5.1~:!::. 47 31. 19.10± . i7 7 

42462............ 6.16:!:.27 :!O.15.65:!::.45 , 10 6.53:!:.381 51 19.10:!: .83 8 

424·11 ............ 5.;4:!:.28 341 15.50:!:.50' II 4.6S:!:.27 43 16.-15:!: .SO 41 

4246.';............1 5.foo:!: .31 39: 15.45= •.54' 12: 5.25:!: .47 291 IS. i5:!: .92 17 

4*4!:Q............1~.5~~.~ ! S 1~.4~~ •. 45 : 13 6.70'!= .?g . 3 
 IS.75:!: • iii IS 

4 •. 1,·..• ....• ..··1 6.35_ ••, 11 10.40_ .43 , 14. 6.29x .3. J 10 lS-lW:!: .83 15 

42453............ 6.06:!: .31. 24 15.40:!: .48 15 6.12:!: .40 ]3 J!l.05:!:; .79 9 

42475.........__.6.26:!:.30 1 15 15.3[>:!::.H. 1t16.IH:!:..!I/ 16 IS.05:!: .67 25 

42473 ............ 5.77:!: .39 I 3.3 15.30:!: .49: Ii 4.S7± .39 36 17.55:!: ,&\ 31 

424;;3...__ ....... 6.74:!:: .3t; I

I. 

4 15.3O:!: .43 ' IS 6.00± .52 2 18.55± .!l6 20 

424$0 __ .......... 6.21:!: .35 16 1~. 25:!: .51 19 5. gg:!: .58 IS IS.S5:!:: .74 14 

424-18...____••••. 5.94:!:. 31 26 LS, 25:!: .45 :!O 5. Q.I:!: .30 34 11.40:!: • il 32 

42452............ 6.20:!: .26 Ii 15.20::: .52 21 6.26:!: .47 S IS.95:!: .SO 11 

42-146............ 5.9S:!:.28 25 15.15:!: .39 22 j 5.22:!:.26 30 16.75:!:: .56 37 

42441.. __ •• ____•• 5.90:!: .31 I 30 15.10:!: . iii 2.3 i 4.&I± .31 40 I lq..!~.~1 42 

42474.....__• __•• 5.83:!:.29. 32 15.IQ::: .46 2·' I 4.84:!: .2·1 39 10.G,,= .,4 40 

42461......__.... 5.90:!: .36 ; 29 i IS. OS:!: .59 2.1 5.4b:!:: .52 2d 18.90±.93 , 13 


1~.~,!= .~1 I' 
5
~~1~~::::::::::::1 ~:~~~ :~ ! ~~; 19:~~~ :~§ ~~ g:i~~ :~f I ~1~1 ! Ir.Uo-=: .KO 29 


42469............ 6. i4:!: .,,0, u. 15.05:!: .4328 6.lh:!:; .43. lS.10± .72 24 

42454..__ ......__ /' 6.34:!: .33 ; 12 t 15.05:!: .40 29 6,4U:!: .45 i 6 10
19. OO± • '.H I' 

42461i__ •• " ...... 0.32:!:.21) I 13' H.90:!: .4S 31 6.11± .39 I ].I IS.20:!: .bi 21 

42447•••__....... 5.63:!: .31 i 40 14.90:!: .42 32 ·1.05:!: .3S . H 11175= -.75 3S 


42444.. ____._••__ 5. 58:!: .30" 42, 14.95:!: .46 30 4. SO:!: .32 I 37 10,70.= ,,77 39 


42464 ______....__ 6.15:!:: .31 I 21 H.90:!: .:13 3:1 5.&;:!: .44 I 19 IS. {JO± • 70 I 26

j42451.__....._._. O.3.~:!: .37 j 10 14.85± .45 34 6.(H:!: .431 15 I;;, 1U"" • 761 !l3 


42450.....-- ____.16.17:!:.3O 19 14.85±.45 35 ",2.":1:.49 7 18.15:!:.14 22 

42471 ...__....... rc28:!:.41 i 14 HiS:!:.4-I r an 5.M:!: .521 20' 30 

42457.._......... '5.92:1:.29 2, 14.1>5:!:.48, 37 4.~.j±.28, 3S l~: f~; :~~ f 43 

42471 1...........\ 6,20:!: .2'2 I IS I H. G2± .60 as 6.12:!:. 30 I 12 ! IS. 01 I:!: I. 05 I ..,
~ 

42468. __ • _____• __15.3i:!: .32 f 43'5" I, H.W:!: .51 au 4.7U±.33 41 : Ji.a.;.,,::: .h2 3'> 
424:16............ , 5.74:!: .35' 14.fA)± .46 40 5.55± .51 25 1 l~ ;~~ •It} 16 

42440.. __......._! 5.92:!: .22 i 2S, 14.50:1: .43 .Jl 4.GS:!: .21 , ~ I' 10.U,,=: ..0 45 

42455...__...... .1 5.62:!:.3S' 41; 14.40:!:.5-I 42 5.58± .59 i "" 19. L'i:!: .91) 6 

4;4:1............, ~.~~:!: .~I : H' 1.1.~~:!:; .41 43 4.~\:!: .~~ , ~~ j 16.05:!: .66 35 

4.4.18 .......••___ 1 0.v,=: ..4 I 37, 14..0:!: .4tl . 44 4.01i:::::: ••• ~.'~ f Hi.US:!: .f>3 H 

42476'. .......... 5. ·14:!: .32 43 I 14.10±. 55 1 45 5. 5~± .53 • 17.•<;O:!:;I.03 28. 

4246S..._.____••_j 4..l1:!:.21l: 46 1 13.95:!: .4S I 46 :1.82:!: • 27 1 46 i 17.U':;±.74 I 34 


I See tableS (or W. B. :McCallum's deslgnatiolls. 
, 10 replicate;;. 

I 12 replicates . 

• 8 replicates. 

http:17.U':;�.74
http:O:!:;I.03
http:5.62:!:.3S
http:4.7U�.33
http:4.~.j�.28
http:14.1>5:!:.48
http:5.92:1:.29
http:rc28:!:.41
http:18.15:!:.14
http:2.":1:.49
http:14.85�.45
http:0.32:!:.21
http:18.90�.93
http:5.83:!:.29
http:5.22:!:.26
http:5.9S:!:.28
http:4.6S:!:.27
http:15.50:!:.50
http:5.;4:!:.28
http:O.15.65:!::.45
http:6.16:!:.27
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It is not knowll n,t present ",11eU1('1' there is an intemdion between 
the yield of shl'U b [Hid age Jor these gllfl.yule. strains. Then' wns an 
intel'n ction bet,weC'll the. greenhouse and field mCflSUl'ements for first
yenT material. This mfl,y 1111ye 1>('el1 caused pal't1y h~T diffel'ences in 
t.ime of seed gel'Jllinntion, wIth-h s]lI'cnd out OV(,I' It 2-wc'('k or l(lnger 
pel'iod. 'rhese. eal'ly difl'('l'C'nc('s mlly lul.Y(' ~)(,(,H \'('mo \'('(1 hy tllC' time 
the second. measurement WUH JO(,(·ol·decl. l"uture data nUlY cladfy 
this point. 

From the stn,ndpoint of hoth hC'ight nnd spI'cnd, 42478, 424t30, 
42435,42458,42407, nll(l424G2 \\'('1'(' n.mong the superior Htrains ill the 
test. Th(' infel'iol' sll'n.iJlS ill the' expCl'imellt wer(' ,124:3:-;, 424·Hl, 42·1a7, 
and 42408. In the' 54±-chl'0l1l0som(' gl'OUP 424:35 WitS the !iLllest and 
widest, whel'cns 424fiO wns Ihe JUll'J'oweflt 11,1ld 424'li; thc' shol't('sL 
The strains from both e]rl'omosom(' gl'oups n ppm'Nllly grc'w equn Ily 
well ill this f'XI)('l'imenL The 8lra.ins listed ns com111ercio.1 \yerc inferior 
in gt'owi It to the best slro im; in t hc l!'!,t. 

~[EANS AND VAHIANCES OF HEIGHT FOH AUEHHANTS AND NONABEHHANTS 

Heights for abrl'l'u,nt and 1I0nabcl't:ant plants (normals,oil'typ('s, and 
slow growcrs) in thc flrst, 10 r('pli('at'Nl \\"(,I'e ('omputed (table 11). In 
eyery case the nQnabel'l'ant plants of a straitl w('re taileJ' t.han the 
abel'l'ants. As an il1('['('0.::;('(11)(.'l'('('11t age of 11Uel'rant plallts in :t strain 
afl'eets lhc yi('hl. it. would hl' d('sirable to select strains ill whielt Jew 
or 110 n.hCl't'ltIlt plant.s oC('UI'. 'The ran kings of thc strains al'e diffel'('nt 
from those in table 10, ill \\'hi('h alJ('!'l'ants and nonab('l'l'l1nts al'CIIot 
separated. If it is possible to select individual plants which do not 
producc ItbeJ'!'ants, table 11 ghres all estimltlc of the 1'1'0 bahle rankinf:,rs 
of these skains fOl' plant hei~hl. Btmin 42478 1'pmaitU'cl in fjr8L posi
tiOll, but the l'Pll1oyai of abClT.atlt plt1l1ts cllanged the rankillgol'slrain 
42444 f!'Om thirtieth Lo se('01111 placc. The rankings of son1(> strains 
WCI'C ('hanged llIal(,I'iall~T whil(' olllPl's, suC'h as 424(i8 aIH! 42455, l'e
Dln.1nccl in, about the Slll1lC' position; these al'e among t11(' shortest 
strains in the t('st. Strain 4~"185 pt'oduced the t tLllest auC'rranls and 
stmins 42478 and 42450 the next tnHest. Stmins 424G8 and 42441 
pl'orlu('ecl the. ShOl'tCflt abet'l'ant plants on the avemge. The range 
between thc means of the aberrant plants was greatel' than that be
tWe(,1l tlre mealls of the nOllabf'rranls. The strains an'\.'aging the 
tallest no nabermnt pln.nts did 110t necessnl'ily average the tallest 
aberrants. Strain 42450 I'l1nketl t,,,-enty-Jolll'th ill plant height or the 
nonahCl'l'n.nt. plants and thil'd inplantlt(:ightoftllP abel'l'ants. Strain 
42441 I'l1nkf'd twenty-first. and twenty-second in plllnt height for non
abel'l'allt plant s and fort y-Hl'st and forty-second for the abcrrants. 

In n.cldition to the Sll'ltlll means foJ' ahelTl1.lIt and nonabel'l'!11lt plants 
the YIl!'in,ll('ps for the total, the llonabcrl'llnt, aUll the abel'mnt plants 
in the first 10 I'eplicates werc comptl Ied (table 11) . In most cases the 
remoyal of t,he I11tPl'rn.nt pll1llts deerellsed the VIlt'lance; ill only 3 out 
of \·h('44C'ases wac; th(' val'ianee of tlte nOnabel'l'ants higher thn.1l that 
of tite tolnls, which illcluded tl:(' niJerranl S. In 2 of these the aberrants 
W('I'(' uniform and the men.ns of the 2 ('In..<:sps we1'e not \\;dely difl'ercllt. 
In th(' I hiI'd ex(,pption, 42451, the llonabCI'l'ant plants WCl'e exceedingly 
variable fol' plallt height, while the abcr!'ants WCI'C I·clat.iyeiy uuifonll. 

• 

• 

• 
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TABLE 1l.-lIfecl1Is, standard errors, and variances for plant height of aberrallis and 
1I0naberrallis of 42 strains of gl/a.yule in 10 replicates in the Jtraill test 

Nonaberrants AberrnntsI I 
StraIn 1 Total f I j-----r-- 

\'urlauce I ),[ean . Variance ),re.~n Variance 
_____________t___, heigbt If)(h~j!;htl height otheight· !~-.-I-em.-1
42478................................... .q•.<;.'1 t IS.12±0.27 8.5-1 J3...7..,O.i'lS 2.34 

424·\4.................................... W.!lJ f 1'.~7:!: .42 R,W, lLIJ"= .:lG 8. OS 

42463...... ............ •••• •••••••. ...... 1I.:10 I If1. tOO:!: •as S.31 12. :If:!: • ~ 4.94
I
.. 2.lr,·C_ ...... _...............__ ._ .. _.. ,. ........ _... _ ... ~H •• ; b~20: !fL:;tt± .35 5,r;2 1:2"~9!:: .2-. 4.73 

424n6 ................................... r 127S Kn5:!: .,U , 9.f.9 f 12.30:!: .31 0.59 

421t;9....................................1 ltI.'>2: It:.·lt':!: ,45/ 9!fti I 13.02:!: .3~ 6.58 


j~m::::::::::::::::::::::::::::::::::::l r:::j~; i::~~~ ji ,i lI:~~: ~~.~~:;:.;t: l~:~g
4!H4t1..... _....._.. _.... ~ .... _.... ~.~~" .. _~ ....... ~~;o~ ... 3 Il.r.t; ~ 1fi.24= .35 KrkJ / Ji:B5±:27 3.43 

424.>i.................................. ; ):).47: 16.W:!: ,37 f 9,4S I 1l.44::t- .35 6.09 

42451......••....... ••• ....... ·., ........ i V,'l, liLU!:!: .4. i 10.13 1:;'1~± .30 I~:~ 


j~~j:m:jj:j~::~::~:::m:::.·::~·:l!~i nI~~·I: u! It-~,:~ ,}~

424n2.................................... .., ill. 1:;.4~·!:'.2'\ T.M: 12.~:!: .r.1 t. Il.r.s 

42471 ................................... , HI,74 1 Ji'd~:!: .31· t].IJ5. Jl1 .·=,2";tC_. ',i!A I n.aa 

42437.................................... 1113\ f lii.43:!:.4tl 0.1>9' l •• "" 5.{}\ 


1~m:::::::::::·:::::::::::::::::::::·::l n~1' i2:i~~:§, e:w l~:bil; :I~ I~:~~ 
424,·\ .................................... \ 12.72 I.).;~l±; .as JO.IIl I 1l.~'O:!: .42 5.4! 

4;;1r>Q................................... .' 1!!~1 J~.~b.;j;!: ;j,~; !3.f>ii:!:.r-3 13,19 

4.438..................................,. 1_ .. lv, 23", .3;, .I ," ' 1O,83:!: .42 6.21 


J~j~::::::::::::::::::::::::::::::::::::l l~. ij· t~ ~~~ :¥. : ~: t\ ll:j,~; ;i~ ~ ~~ 
42477'................................... · U.M l.'iIJI:!: .~-I ' {'.:!II 12.1O:!: .67 4.54 
42H~................................... .' !I.~ 1ollil:!: .:!7 .'.~'11 ll.8S:!:1.39 15.55 
4q 454 • • !l9 14.9'J* ,:!.'i : f 17 JilIn'" tiS - 36
4217i}::::::::::::::::::::::~:::::::::::::; 7:~O H.W-I""~ 6:06, 12:7.,\;;;1:,,0 14::l5 
42~o.'i.................................... 0.49 H.!k;:!: .;)1 D.hO' J2.~9:!: .40 4.54 

42450.................................. " .'.:lS 14 ~H:!: .29 , '.M i 12.f>2:!: .50 6.87 

424511.................._.. ............... U.ll 14,>-1::1:: .!!!J S. 3=1 , 12. I~= ,70 S.!?S 

42436•••••••• ____........................ U. .JS H;;:!:.31; l-,70, 12.21:!:.i>5 7.22 

42161 .................................... 10.12 J.l.7.1±.31: S.7' 11.52:!:.5; 7.53 


~~ig3::::::::::::::::::::::::::::::::::::~ IU~ ( n:i3~:jlg' 1~:1i5 U:~ :~~ gr
42-176......................... .......... 1'1. ••1 14. 53:!: .3\, 1Il.'i4 11."':!: .49 4.24 

42473.................................... U.!l9 14,3',* .:'9, 0.0." 1~.22",1.4i 10.44 

424·15.................................... • ;.43; 11.2\,,,, .2ii. ttoo, I! -10", "S a(}4 

42468........ '........................... !1.11· 14. ]I;:!: .23 ' ii.m; :-.92:!: .HI I 4.-15 

42-168.................................... 11 14 13.:""= .2l1 7,21! 6.3,:!:I.lfl lO.S! 

42455........ ................. ......... S.·t! la.f.·I:!: .2'J '<'U7! 11.a~=.56 6.01 


I 

1 ReQ table S Cor W. n.l'>lcCalluru·s deslgnatbns. 
• S ropllcates. 

The variances of the nOllab(>l'lants fOl' the difrereut stmins differed 
significantly in spite of the fuel that tit(' rlass abelTant plauts had 
beell removed. 

TmE OF FLOWERT:iG 

First bloom on an indh'idunl-plant basis 'wns recorded on('e fl \veek 
beginning April 3, 1944, and is presented as number of days after 
April 1. It was l'(·quired that one 01' more flowers be fully opened. 
The plot menns, their coefficient of Yllriatiou, nnd th(' standard error 
of a difference between 2 strllin m('{lllS w('re ('uIelllntcd from the' plot 
meUllS from the first 10 r('plielitpS. Th(' plot mean ",us computed 
from the indiyidunl-plilnt dull'S of first bloom. (ttthle 12). The nt.rilt
tion within th(' plot "'ilS largl' for SOI1l(' stmins, but the plot \nlS ltu'ge 
enough to giyc a good estimnte of lht' strain 111l'U.I1. This wus illus
trated by the relnth-ely low coclIl('icnt of vnriation, 10 pert·cnt. Since 

http:111l'U.I1
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TABLE 12.-Mean number of daYB to first bloom after April 1 , 1944, for 42 strains. of 
guayule in 10 replicates in the strain teat 

Menn Menn MennStmin I Strain I Strain Iperiod' period' p~lriod ' 

Dav. ~p ~p 

42467. __............... 21.4 ·12H3 .............. . 24.0 42-110.. •••••••••••••• 2!i.6 

42462.................. 22.2 42447 ................ 24.4 42475. •••• ••••••• ••• ~'tl. 9 

~2440................. . 22.3 -12438 ............... . 24.6 42446...... ••• •••• •••• 27.0 

42450.................. 22. 6 4245\1.. ..• ' ., ......... . 2·\ 6 42-1fAI.. •••••••• ...... 27.3 

42456 ................. 22. G 424tiO ................ . 24: 0 1 4245L. "" .•••••• ••••••• 27.5 

42461. .•••• __.......... 22.7 42478 ............ . 2·1.7 424f)4 .... _.... ~ .. w .... w~ ~__ 27.7
.... 

4246.5 ................ . 22.0 42·180. . : ••••••••.•••. 24.7 424r.1.... ••••••• ••••. 27.8 

42448 ................. . 22. U 42·17·1 ............. ~ ..... ~ .... . 2tS .12472 ~_ ....... ~'"' ......... "... 'J- 8 

42454 ................. . 23.0 .\42-177 3 ................ . 25. 1 424!lS.. ............... 28: 1 

42441. ................ 2:1. I I 4245S. . ............. . "5 3 42460.................. 28. 1 

42453 ................. u,:U 42408 _ .~~ .. _~_ .... ,,_. :"'U.9
2:1.1 '142445 .............. .. 

42455................. . 25.7 142444 .............. :17.9 

42452.................. 23.2' 42·taS ~~_ .. _~,,~~ .. ~ .. _~ 25~O i -- 
4243!L. ............... . 23.2 42471 ................. . 25.9 ! 1\1('1111. • ........ 25.2 

42476................ . 23.3 ','12437 ................. , 


2.1. I 1142457 ............. . 


~H i,42441 .... __ • __ ........ . 23.4 I 1 42440 -................ 
 .6... :i 
------------------.--~-

I Sec table 8 ror "t. B.l\fcCnllurn's designations. . 
, Stondard error or n (lilference heLwceri 2 piot menns equols 1.14 tlIlYS: coeflident or \'Ilrlalion or plOL 

mesns equals 10 pefl'CnL. , lIlel," or 8 replientes. 

the strains differed widely with respect to growth' charncteristics, the 
variance within a plot WIlS not enlculated for first bloom. Individual
plant selections should be mode in 11I1 Ilttf'mpt to obtain more uniform 
gJ'owth characte)'istiesj then genetie Yflrintion offil'st bloom could be 
determined. For tl1<.' present, the relative positions of the means for 
first bloom offered the information required for stmin differences. 

Highly significant diffen'I1('es were obtninecl nmong both the repli 
cate and the strain means. First-bloom datil were aff{'cted by location 
in the field; the replicntes from the sltndi('r portion of the experiment 
bloomed later thlln did those from the hCllvi('l' soil types. 

1'ho strains val'i('d in ayerflge number of days to Jirst bloom from 
21.4 for stl'llin '12467 to 37.9 for sLmin 42444. This mnge was con
siderable whell the stl1.ndard error of a difference between 2 plot means, 
1.14 days, was so slllali. There nppcnred to bc no difference in this 
character between thc 54±- and the 72±-ehromosome groups. The 
strains designated I1S commercials (table 8) were gl'ouped around the 
experiment Il,Yernge, 25.2 days. None of these WCI'e significantly 
different from the ('xperiment menn, but thl'Y w('re from N1('h other. 
However, the differcn('e wns so small thnt the scleetioll of one of these 
strains oyer another for ellrlincss would bc of doubtful vnluc in a 
breeding progrnm. 

Strain 42444 bloomed OY(,I' 2 wccks latPI' than fl. numbel' of thc oth('1' 
strains. For Inteness in blooming stmin 42444 appcal'cc! to be useful 
in fl· brepding program. Stn'1ins 42468 and 42469 bloomcd about 1 
week later than strain 42467. The last-named strn.in and several 
others (42462,42449,42450,42456, uncI 424(1) are the most promising 
as breeding materin.! for oariin('ss of first bloom. Of eours(' there is 
genotic variability within ea('h strain, but til(' individlll11-plant selec
tions frolll the strains with til(' (1ltl'li('st stmin llll'lUl will be the efl.rliest 
for date of first bloom in thp Il1I'1jorily of tuses. 

E~lEnGEJliCE AS UELATED TO SEED TUEATJlIEJliTS 

• 


• 


• 

:Mass seed scll'etions of the bettcr typical plnuts from the 42 strains 

and seed of 7 nOl1selected eollpt·t.iolls (42436; 42440, 424,41 (in twice), 



--------------- -----
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• 42474,42475, and 4263) were tested in a 7 by 7 triple lattice design with 
6 replicates. The 4 seed treatments applied to ~r.('h strain w~re em
ployed as a split-plot featmc of the strain, 01" whole, plot. Th~ split
plot size was 100 seeds. Hellce, the 11)(,IU1S for number of plants 
emerged are given in percentage (table 13). The standard errors 

TABLE 13.-Emergence data for 4S selected strains anci 7 nonselected collections of 
guuyule given various seed treatments 

1943 feed 
1042 selld,AJlseetl ----- .---- (unthrcshcd,trentments 'rhreShC(a t'nthresh,\d, t'nthn-shcd, trealed) 1 

unlrenle untrented treated 
Struln l 

}.[enn Mean }.!Mn Menu MMn 
Ill-riod, 'EmN' llt'ritHl Period "mer. period periodEmer· r:mer· j~nier ..01 01 of 01 01genet,! gl·HCt,l genee· J:!1!11('C gcnce(Imcr... {'mi"T- (Inter... Imler rmer· 
g('llt(~ ~rnCl' gt."nC(· gencQ gence 

~--

1o'.cool. Dav& Pct. f)av_, Pel. J)ay., 1'rI. f)aV8 Pel. Dav! 

42444 (s~I(·ctrd)............ • a 6.84 il,67 G.(k~! 12,33 g,39.i 11.67 8.97 !!S.17 7.21 

4210S (sch·ct~d) ......... .,. 30.17 0.83 01.83 5.92 10.33, T.35l2O.f0() 5.57 :IS 00 7.39 

42478 (selected}....... .... 20. (IS' G.14 .5.1.00 i 5. H I I~. 00' o.~.o, 19.00 i.42 33. sa 7. 10 

42441(sclectcd) ............ 25.7118.00 59.0717.09,1 •• 00·9.2111.1.00 10. .10 \3.17 11••~7 


~~l~1 !~~.l~~t~~L:::··: ~U~ I ~:J~ I it't:M: ~:~~ I l?:iJ' k~ j ~:[Ql IgJ~ ilgjf I ~::l:l 
42f7l (selected).. ;;:!'.8312;, 7.9:1 ,,' 53.00 O.~()· 13.!!."l S.W 10.tii ~·.rn'. j'111>3.. 5(17) 11.42 

• 
42157 (selected) .• ... 7.46 M.3.1 i 6. ;,,~ , 17. (I() i. f>! I L 83 ", 9.73 
42138 (sel(·ctcd). •• 2:1.2.1 I 7.27 61. 67; U.24 11.:1;1 7 f>5 9. S3 VlS 1110.17 11.02 
4247H~(·lectt·d).... 22.17 j 73.1,52.83 t fl.12 15.3:1 7.95 S.S.1. 8.58 11.67 Il.Il 
42 140 (sch'Ct~d).. ..• ... . 22. OS I 7.12, r.1.00· 6. 15 12. 3.1 9.32 5. ()O 10.13 S. t)(l I 10.29 
42472(selrcledJ .......... '121. 00 n.27 i 44. .10 1 ~, •• 712. 109'.'6512, 1~·.r~1 i 4.'• fi7, 11.9.1 129.17, 9. JO

42,IW (selected). ........ ... 21.42 7.0\1 j 02. Iii' .. n " ..,. I OO 9. Iii 9,33 10.39 
42167(sclected) ...... " ..... 21.35' 7.03145.S.1 51H 12.00 S.39. 5.1';. II00,·.!lO,rt I,' Z_q;'.aOOal, 8.36 
4246.1 (SCI(·N~dl. ...... 2O."~ 9.;18: 3{1.8.1. K41i 7 • .10 9.01 10.8.1 w,.. 10.20 
42470 (selected)... . ........ :!(),G2 ~.83; 43.17' 7.S-! 10.00 9.7S: G.17 I 11.32: 23.17,' D.61 
42;&1 (selpct~d) . .. ... . ,'20.00 11.t)5 \ 59.00 I ~ {I,'i ~. Ii!! 'if./.!: 4.00 li. iiO II. 00 li.91 
426.1 (nonsclectcd) • __ • __ . 20.29 8.29;, 4S,83 •. 87 ,.I.. 11.0/ 11.17' Soll4 "13.•'>0', 8.36 
42153 (selectedL ..... '"'''' 20.OS a.7n 159.00 fdS -I.m R.lli' 4.3.1 i 10. OS i 12.00 7.88 
42473(s~lectcd)... .... . 20.M 8.34' 5.i.8.1 7. is ~ 10.00. 1fl.2l;' 3.00. 978! 1I.;~1· 9.07 

.42159 (srlectrdl •. ..._ .}19. 9H. ~.'.~. I. ~'. ~Z O. IlO I 10.67 j 7.9S I 4.:J;1' It 4;, 9.17 I 9.04 
42437(srl~cted) ........ "jI9.92 1 'u ""w 0.00 11.07. S.il! 9,3:1 9.9~1· 5..17 10.77 
4214it'rlcctrd) .......... 19,92 7.57!4&07 6.f.1) 10.00: 8..';'1 II.l7 0.0711.3.1 j 8.99 
42462(scJcctcd). .............. 19.75 fi.G3 i 57.3.1 5.1>6 j 7.3.1 i02 f 4.;1:1 {1.31 i 10.00 j U.55 
42·166 (se1cct(-dl.. ... J9.42 9.40: 43.67 S.40 i fl. 00 . 12. ijJ I .~ 00 . 10.2. I 23·00 I 10. OS 
42451(st·I(...·t~d) " ... '" 10.-12 912142.• 171 RIGI 7.m! 12.1I! K07 l ll.2Il,19.17 . D.1l2 
42Hl (nolL~elected) ........ 119.2:; i.W 148.83 084 I 9.00 ,,94; t1.67 8.82! 12.00 ' 9.37 
42455 (sl-lectPlI) .•.• . IS.92 7.45, 55. 83 r,52! 7.00 9. H I 2. 33 11.21 I 10.00 1 10.30 
424&1 (S('lcctrdl .."" . 18. 54·· 9. fll " -13. ~. So 73 i 9. 8:1 ~,&I I 6. II! I ~. e.g I13.83 I 12. 411 
42136 (st'lecterlL.... . j 18.21 n. 'i7 48,00 6.10,11.3.1 .. 00 j f,6,. 8.48 n.3J i 9.5.1 
424'i7(sclrcterlL.... .,11. .10 I r,36 52.17, 5.Sn 11• .10 7.1~' ~.fo71 R.'i.i i 267 9.31 
~2~SO (s(-lectl'{j' .... '1 17.42 ~ '.:lOlj 46.00; 6.36 i 9.00 .~.m I .0;,831' R.S,1! 8.:13; 9,22 
42476 (scl~ct('d) ." .. 17.33! It 54 ! 53. Ii 5.. OO! U.3.1 

1 

\ 7. 39\ 3.00 O.22.:l ...."l· O. sa 
42-149 (selected).. . 17.2S 7. OSI 00.00 1 r,!:,! g • .l2 2.27 I 3. Ii I. S •• '>S I fi.3:1 10.24 
42140 (nonsrl<'l'tcdl. .. Ji.OS i 7.00 145.8:1 j 6. •• ! S.u, •. d 5.:13' 9.1;9j S.OO 9.59 
42465(sclcct~dl....... '" IG.75j 0.96 147. .101 f1.3O\ 1167 .s.';'~1 3.00· 10.110' 9.1>1 8.0.1 
42452 (S('lectedl. ............. 10.17: 6.95,43.831 f1.2O I n.$3 \1.341 31·.~1; 8.7.~_1.~ i1~fl.-83171. 8.15 
42H5 (s<·lrctcrl)'., ... In. oS : 8.36 1 46. Ii i 8. 00 8.00 10. 2, l"" 8. OS 
m.lO (s('lcct(~1l ....... •• 16.04! ~ ~ !~~: ~! ~.!:! I 8./iO S. G~, 2.67', O. ~5 4.00 t II. 00 
~24foO (SdrctL~I)........ ...... II). (}l S. 3O! '3. '3 I .... I 5.00' S. 4• j 3.33 I 9. l.S} 8. 3.1 I 9. 18 

042474 (nonsclrctcdJ......... 15..70 .' " I 7.00 Cd; I Hl.lg l 4.\,10; II.,,~ I 9.17 9.01 
42HI(nonselected)....... Iii. 75 8.41.41.17 7.17: 5.83 9.74' 6.00, KR,! P..'>O! 1I.211 
42148 (sdrcted).. •• ..! 15.M! I 8. 74 ' -I8.33! R.27· 7 00 10. M 2. 00 I 9.83 P.OO I 10.00 
42469 (selected) .......... '115.M I O.li :15..67! 8.S2; Ii.!. 9.112 r.83 1 11.17 13.m 9.37 
42436 (nons(·lrctcd).... H.7U, 7.12,43,17. fl37i 4.00 9.21 4.17: 8.32 7,83, 0.45 
42458 (selected)... ... ., 1~.17 !. T~' 33.fiI Il3(1! ~.S:l, II,IlO 1 3. ~7: 0.42 j l~.OO' 9.15 
42435 (S('lectcd) ....... ..3, 33.1,. 6.48. ,.0... S.SO '. 5.ui 8.s.; I -831 10.7111 ..3.',
42475 (nonselectcd) ...... '. 12.2!! f.44, ?4.3~. 5.62: ~331 i.f>! I 51!. ~:?:Il 1.3.1 1:!.~ 
42475 (se1l'Ctcd) .............. 110.9., 6.73 i 31.6" fl.OS, .,.10 8.31 i 3.1, t ,.95/ 1.33! 11 •.1.}---'--'--.---------------

Experiment m~nn •••. i 10,5.1 I i. (0() '. 40••0 t 6. iii 9.62; 8.64 j 6. 29 o. ~61' 12. ro I 9.29 
SlandnnlerrorolnditTcr'j I i ( ',"• cncc between 2 menns'l •. 32 ••4 1 6.35 i .&1 2.OS .•82; 1.67 .83 2.45 .59 

I See tableS lor W. D. McCallum's designations. 

1All 1942 seed was nOQ..elrctl'l!. 

11943 seed: none ..vallable lor 1942. 
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were computcd 011 the same basis as the m('ans. The triplc lll.ttico 
design yirlded ltu inct'Nlso in precision over the randomized completo 
block of 8 percent for number of plants Nl1el'ged und of 17 poreent for 
time of CIlH'l'g(,I1C(', 'Phis small incJ'eus('. ill pJ't'eision showed that 
vory little would be gained by llsing adj llsle(\ mNIIlS; hence, lIH'y were 
not computed, '1'hl' Ilwans fOl' thc limp of PI11CI'gl'IWP fot' tlln ",1101e
plot, 01' sh'ain, total and lhe' thl'('slwd, untl'pMN18(,Nl 111'(\ the IlYPl'ilge 
of 6-plot Ilwan dnt(·s of (,Jlw('gpnt'c, The('c \\'('('(' sllflici('nt plnnls in 
cneh lo fUJ'llish n, 1'('linlJj(, plot llH'fln, 'l'h(' I11pan d!tt('s of ('J)1Pl'g(,lleC 
for the :3 otll('l' se('<1 t.r'NtlllW11 ls (un LII ('('slwd. U1lll'('lltpd 1!14;{ 5('('<1 j 
un th('(·sl\<'!l, ll'('ot('(I 104:~ sPNI; and un I hl'p..;]wd. trl'ltt('d 1 \J12 s(,pcl) 
nrc w<'igh tNl UN('l'n.g('<; 1'01' the pI !tnls ('1Ul'!'gNI in ('{teh plot. Til is 
pI'O('('du('(' Wi1.S folio\\"('ll lJPCH.llS(' 110 plant~ (llIll'I'~('d ill ~onw plot..; und 
in othel''i till' numbl'(' or planls pN' plot wn.::; too :-;mull to give IL J'(,litlhlo
plotwllWfl.n dn.tl' of l'ntP.(·!!{'(J('P, 

As 11 cb('(~k, no Rodium hY]Jo('hloritl' trentuwnt or threshing wus P('1'
fOJ'Ilwd on onc of tllt' l'OlU' sl'pd Sltlllpil's for ('(l('h cntry, The Sl'('oncl 
treatment consistpd in l hl'eshing the R('('d :3 to 4 mon l lis I))'ioJ' to plnn t 
ing. No sodium hypoehlol'it(· or nny otl1('r treatment \VIIS used. on 
this sflmph~, The thl'l'shing. whi('h WIIS perfOl'Illt'd by It s('('(l-llu'('shing 
ll1o.chino illvoh'ing the abrllsive n('tion of snndpn.lWl', fnnning, nnd a 
fiotntioll PI'O('('$S in 11('('(one, l'psllltc·d in till' 1'('l1lovnl of hrn('ts nnd 
stel'ile fioJ'('ts Itnd most of tllC' ('mpty sl'('ds (1), The thjrd tl'('l1tmC'nt 
was tlw usual sodillm hypoehlorite tl't'iltm('llt {n on lI11lhl'eshed se('d 
at about the snmr lime us the dnte of threshin!!. Thl'se thl'l'e trCltt 
lllents 'wcre Itppli(·tl to seNl hnn'('st<.'d in the fafl of J043, 'rhe emcr
gence dat!\, on Uwsc strains \\'prc diredly complll'lLble for the seed 
trentm(ln ts, bN'ltllso tll(' s('cd ('olleC'liol1s WC'l'(, Illacle from tll(' replicated 
field tcst. HCI1ce, nny ('I1VirOnllwntllt infillt'IH'P due to location in 
the l'cplicltte on stmills wns eontl'ollNt by l'cplieation, The fourth 
sred tl'<'ftLm('nt irLYolv<.'d nonsrl('('tetl se('d hllrYCsted in 1942 from n.. 
nOl1J'pplieated plan ling, This se('(1 wns tl'l·ttie(\ in Fcbrufl.l'Y 1043 
with sodium hypoehlol'itc nnd stored at l'oom temp(,l'lItul'l' until Lhe 
tfl11(,. of planting, VltritLlions from the s]H'cifie conditions for tll0se 
secd trcatments weJ'(' studied by Bcnt'tikt and Robinson (1) omt w.ill 
not be d iSC'llsscd hero, • 

EmeJ'gt'I)('(' ('onnts W(,1'(' ml1(\<.' 4, 10, 13,20, and 34 days aft('r plnnt
ing, The lim(' of ('111('.1'14('1)('(' is thl' ltvl'l'ng(' numIH'l' of dnys to ('nwr
gettee nftl']' pln.n ting, Stl'llins 42444, 4246S, find 42478 we1'O higlwst 
for ppl'(·pntnge of ('Ill('rgcn('l' on the whole-plot basis, Stmin 42475, 
both llonspit'dNl and sd(,(,tt'd, wns at tho bottolll of lhe rilnkings 
with l'('gnl'd to pPJ'('pntngc of ('m(']'gel1cP, Th(· t.rt'fltm('n t, or split 
plot. mcans IU'(' given opposite tho whol('-plot l11('I\11S, Highly sig
nificunt difl'l'r(ln('('s existed among these' stmins within Imy of tho 
trcn.ln1('nts for P<'J'('(,l1 tng(' or emCl'g('IlCC aml for n.Yrrnge. number of 
dlLYs to CIl1C'J'gc.'I1(·(· nHpj' plnnli ng, ~ 

ROlli difl'l'l'enC'('s {'xisted betwc('/l tl'('u.t.nwnt llWfll1S for pt'l'e('utnf!,o 
find tinl(' of ('Ill(']'gt'IH'P, Til(' nlC'fln for Plll{,l'g('ll('e of lhJ'('slwd s('{'d, 
49,70 perc'cllL, wns ('ollsidl'r:lhly higlH'l' thnn tIl(' menn P('.1'('pntnp:e of 
eJ)l('J'g('ne(' obtained fol' till' oth'(,l' lhl'l'!.' 8('('(1 tl'Plttnwnb:l, '1'h(\ thl'('sh
ing ))1'O('('SS l'l'llloy('(l the uulilled s('l'd, whieh Il('('('ssn.rily l'('llll\iIWtl in 
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• 


• 

the llutlll'('shcd spcd sllmplps, This 11lt'1U1S that only the filled seed 
wus pllLnted for the [hl'{~shed snmp!t·; c'(1)s('CJul'ntly, a highcr Clllel'gcuce 
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resulted. R('gnrdless of th(' CftUS(', th(' PC'['c('n tng(' of ('Jl1(,l'gc.nc(' P(,l' 
nllloun t of s('('(1 plrm ted WfiS gl'l'ftll.\' incl'('nsccl h." using thl'('sh('(L seed. 
The 1942 unthr('s1wd, ir(,lltC'd SC'Nt U·N1.!rnrnt rnnkC'd svC'ond, th(' un
thr('('lh('d, ulltrcftted s('('(1 ti'('ntmcnt thinI, 1\11d til(' U III hl'('sl)(ld, tl'('atN.t 
1943 s('('(l trcntlll('nt lllst for 1)(')'('('11 tng:p of ('1ll('J'g('uC't'. l~l1(h'r th(' 
~onditions of this t('('lt bt'u(']' r('sults Wl'l'l' obllli[wd by not tn'lltillg 
the 1943 s('(·d thltn by tl'eltting with sodium hypoC'hlol'it<'. This pal'
tieulnr sodium hypod.\iol'it(' !i('C'd trNLt11H'nt hncl 11. dp)(·l(·l'ious ('frect 
iu gC!De],I1J on tlw p('l'c('ntllgp of C'Tl1C'l'g('nc(' of tlw l04~) s('('d. In addi
tion, the th1'('sh('d s('('d ('llll'l'g('(t cll.l'lil'l' tIllut did till' s('('d from the 
other tl'e!Ltnwnts. The 1.111 thl'('('lbC'd , untl'('utt'd s('('(1 was s('('ond fol' 
el\rlin('ss of eJl1('l'g('nel' nnd th(' tl'('ntNt s('('(1 was Im'lt. APPIll'(,lltiy 
th('sn c:;odium hypo('hlol'it(\ t]'('utml'lI ts l'('tnrllPd ('I11(,l'gl'lIC'e in some 
nInnnl'r, 

Dc'spite these dHl'('r(,lIe('1;, onl' of the m01;t intpl'(,Rling J'('suHs of this 
expel'ill1('nt \\"lIS thl' signifirllnt strain X tr('utnwnt 'inl(,J'IlC'tion for 
both p(')'('(>utage nnd lillIe of (,ll1C'rg-(>u('('. 'l'hrs(' g-unyuic strnins rc
u('teci C\if}'('r('ntly to th(l foUl' tl'(\ntuwnts appliC'd. 'l'h('Tt'fol'<'. no f;l'nl'l'
Illizations about th(' s('('ci tl'Nltm(,1l ts, olhl'l' than th)'('shing, Clln b(' 
mnde fo), th('sC' gllaynle strnins. Some stl'l1ins (lmcl'g('d ('1lJ'li('r und 
with a hig-her j)l'n'C'n tug-e undcr on0 lr('lltl1lell t, ",il(,l'ens the r('\"('}'s(l 
was true for oth('l' sll'llins. 

At th(> ('lid of ;) ",('('ks nft('l' planting til(']'(' ,,'pre no f\.ppnl'('nt diff('l'
enees in size of thl:' ('l('('dlin.!.';s from nny of tiw fOlll' sl:'cd tl'co.tm('nls. 
N nturnJly the plltnts I:'I1l(,l'g-ing ('ol'li('st would hI:' thC' Inl'g('st, but nny 
diff(,l'C'll('C' b('twN'n trC'ntll1ents WfiS not nppnr('nt from ltD obs('r\~ntionnl 
study of the mni(,l'inl. 

In light of tho ('yidrne(' pl'('('l('ntrc1, it is rvitipnl that a ('onsidC'l'uhle 
nmotmt of ,yod, in. sl'l('ction find hybridization mURt be' dOll(> /)(,[0['(' 
n snpC'l'iol' and uniform Ynl'iC'ly CIl'It hl' oblnilw(l from tlH's(' strnins, 
\Y. B. 2\leCnllulll wOt'k(,d on th(,l11 for a pc'riot! of Yl'nl'S 10 bring th('111 
up to th('it' pr('Sf'Tlt stondfll'(l, hut now til(' wOl'k must b(' ('ontilluNI in 
orde!' to produ('(\ a UnirOl'lll vll1'il'l.Y with slII)('riOJ' ngronomi(' ehl1l'flcll'I'
isti('s. F.r'oJl1 til(' <,yiil('lWP PI'C'R(,lltC'd in lh(llit('l'llt\lL'P <'it('(l, isolation. 
eitlier hy hogging Or di~t!lllC'('. 1l1llSt he prndi('('d in 01'<1('[' to PI'l','('nt 
contnminntioJl hy fOl'Pign POll!'l1. 'I'lw s(']f('cl progpn,' of th(' Sl1}><'r101' 
individual-plant ·s('lp('(ioTl.':: ~ho\lld hl' tI'stl'd 1'01' th(' (l~,:;it'('(1 ehnl'lldC'J'
istic.<;. The sun'i\'ol's nf this tC'st would lip bull'l'(!' nnll the l'C'sulting 
progeny would hCl tIl(' UP\\" yltl'i(,ty. . 

The' ('tilling 0j)('l'H lion IlS pl'a('( i('('d b~' th(' llul'!';('rips growing guo;'l'111(' 
T('(lueNl th!' fr('q1J('lH'~' of o(,(~ul'J'('n('(\ of thc· nbp['l'I11ll-ly]>(' plnllH, This 
]S not a pr!'mmwnl d('('r('n~(', howl'v!'!', llnc! th!, rr('(lu(,lH'~' of nhrl'l'unts 
in the lllU'S(,I';'I' pln1lt ings will })(' ns high in thC' stll'('C'('ciing YPllt'S as it 
W!lS the' p[w:iolJs )"Nll'. Culling is a costl\' OjwI'Htion whi('h ('I\n lw 
dimillfltt'd by' growing vnri('ti(,R thnt p1'o(lU('(' no Ob('ITnnt OJ' ofl't,rpp 
plants. 1n nddit ion. (ll(' ;\'ipld of 1'111>1)('[' [WI' 1lC'1'(, ('un h(' in('[,(>l1s('(1 
cOllsi(\C'rnhly b} growing o11l,'" IlMmu] pl:mls. '.1'11l's(' fnC'ls nl'l' (If ('Olt
si(\('rnhh> ('('ollomi(' imj)Ol't:mc'l' to Uw (·omnWI'(·inl glln~'\11(\ grow('l'. 
Sinc(\ Ill(' ('\llling 0Iwrntiolt ('liminntt's o111~· pnJ't of tlH' nhpl'J'l1nts mal 
is ('XI)('llSive bl'sidl's, tIl(' only nWlhod of soh-ing this 1lI'obl('1ll is ))['(.('(\
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ing. The guayule strains studied need to be improved before they 
should be grown commercially. 

Reliable estimates of the relative yield of rubber from guaJule 
struins can be obtaim'd fr.om plllnt spread and height mcastIremcnts 
and rubber coutont of the brnIlch samv~('s. In this mUUller duta on 
yie1d of rubber per plunt may be obtaiu('d without d(lstroying. the 
plants. Plant sprelld alon(' gi\'('s a good ('stimatc of til(' shrub w(,lght, 
but it may be well to record Ilt'ight also IlS some strains 1Ia\,(' relativ(lly 
large spr(lad measurements but low height oneS. 1'lH'se nH'uSlln~nH\nls 
are reliable for Lhe time nt which lh('y w(lre recorded. This wus 
brought out by tho rellLlively low relntion bl'tW('(,ll tlw plant-hC'ight 
measurements l'econled in the green.house n.nd in til(' fidel. ']'11('1'('fol:e, 
it would be inudvisable to rt.'cord gre(\lIhous(' lIl('usm'ements for tho 
pm'pose of predicting field ones. 

As an indiclation of the tru(' relation between the 10gILritiuns of 
height and spread for stI-ains of ] -year-old gUlLyule, correlations of 
0.903 from the 42 strains in the strain test unci 0.898 from the 7 
ontries in the commel'cinl-strain test wel.·e obtained. 'rhis close agree
ment hom the 2 independent tests cOl1sidernbly strengthens the 
dependability of the relation obtained for height und spread. 

SUMMARY 

Data obtained on seNI, seedling, aud young-plant charncle['s 
proved that ('onsiciCl'!1 hIe Yarillbility was present both within and 
among the 7 commercial stl'nins and 35 of the more promising other 
strains of guayul(1 developed by \Y. B. McCallull1, 

The scyen ('ommoreial strains in the cOll1Il1ercilll-sLr-ain test differed 
significantly with r('spe('t to rubber content, shl·ub weight, and per
centage of plants in each of the phenotypic classes: NQrmals,o/Hypes, 
slow gl'owers, nnd ILbelTants. 1'1)('['e were no significant differences 
among the totals of these stmins for shrub weight, dry weight of 
leaves, and resin cont('nt. Strain 593 was recommended in p['efercnce 
to the other six commertilll stmins. It·would be highly desimble to 
produce stl'ains composed of normals, as this class was significantly 
hight'r in shrub weight and weight of rubbel' than were the offtypes, 
slow growers, and I1berran ts. Small dilrerenC'es nmong the pheno
typic class(ls \vere obtninNI fOI' rubber and I'esin eon tents. 

Sev("'al plant charneter's were highly related. Height and spread 
wel"C the best characters for the predictions of shrub weight; the 
relations wel'e not linNI.l· but ('ould be made so by a transformation to 
10gllrithms. llubbel' content of the bL'!lllCh snmples and of the plants 
was correlated to a fairly high degree, 0.668. The correln.tion between 
these two charllcterswould have been higher if the size of the branch 
sample had been kl'pt constant, It was highl'I' Whl'll plot means 
rather thall individual-plant datIL Wl're used to determine tbc relation. 

Significant diffel'('llCeS ('xisted among the individual-pltlll t selections 
of the seven commercinl strains fOl· percl'ntage of en1('l'genc(', timc of 
emcrgl'nce, and frequency of OCCUlTl'ncc of aberrnnt a.nd ofrtypc 
plants. 'I.'h1ls, the strains off('r possibilities for improveml'nt with 
regnrd to these three charactl'l's,.. 

There were small differenees in thl' percl'ntagl's of plants emerging 
on a specified day after pll1llting amollg the commercial strnins. The 
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progeny of an offtype plant was similar to the offtype par<:nt selection. 


• 


• 


• 


The progeny of abelTants was mostly ubcrrnllt, but occasIOnally some 
normal plants occurred nmong theil' proCTeny. 

Significant differences existed among tile 42 stmills (the 7 commer
cial stmins nnd 35 of the other more promising of 'Yo B. McCnllum's 
strnins) in the stmin test for height, spr('nd, the percelltnge of aberrant 
plnnts, date of first bloom, and pel'centnge and timC' of emergence of 
seedlings grown from til(' 4 s('C'd tl'('Ittnwnts and among Lhe means and 
varianC('s of height for abclTllnts and nOllab('ITnnls. The intel'Rction 
of stl'U.ins and seed trl~ntm(lnts wus signifi('ltnt stntisticully for both 
percentage and timC' of C'ml'l'gC'ncC'. ApparC'ntly thC'l'C' W('I'e no signif
icnn t difl'el'ences with t'(lgan1 to tIll' eharnct('rs studied' between the 
54±- and the 72±-ehl'omosomc groups. 'fhe strnins with the tallest 
nOIll1betTnnt plants on the uYel'llgc Iwere not u,lways ussocinted with 
the tallest nberrnllt plunts. 
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