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"!he aee4 from which caetor oU 1e extracted comes from the ca•tor plant., 

N,9inu1 , e9PWIPD1a Linn •• (1ig. 1) which is a perennial. moueeious non-legu11e 

and 1a nati-ve of Africa or India. In Oklahoma and tn other parts of the 

United States subject to freezing temperatures. it bebaT,e• u an annual. !bee 

plant bas large, alternate, palmatel7-lobed leaves, grove 4 to 8 feet high, 

and once flowering commences, continue• to produce spikes until frost. '!he 

flowers a.re unisexual and are grouped on an elongated axis, the phtillate 

florets being borne at the top of the inflorffCence, the etamina te floret• 

below ,(Yig. 2). 

Daring the la.st decade of the nineteenth century,, eaetor seed wae pro­

duced commercially in Oklahoma., 'but competition from petrol-ewn produete and 

seed from foreign sourees elimimt.ted them except fo r 'brief period.a during 

World a.r I and World War Il. Castor seed is produced for c,ommereial pu.rpo,ea 

in Ind.is. a.Dd :Brazil, but due t.o these sources being undependable. extrs.ctiag 

companies in America desire a a\able auppq in this eou.ntl'f. 

Castor oil 1s used in the manufacture of bJ'draulic fluide., plastics, 

artificia l leather, 11nol9Uln, 011 cloth, n.tlon, eoap1 enm1aion breakers, iw. 
perfume &romaties, toilet creama. hair dreaainge, medicinal oils, leather 

preaervatiTes, rubber subatnutea, and hydrated oil tor pain.ta a1ld va.r:nishe.a. 

Jrtract• from the lea.vea a.nd a.tems have insecticidal Ta.lue and the stema ar~ 

a aouree of pulp a.nd cellulose for use in the manufacture of eardl>oard, news­

print and other pape-r materials. lnerea.111:ng uses of the oil are being 

developed. 

!he present castor plant va.r1et1ea require at least 160 dqa gro~ 

aea.aon and 15 inches of raint'all during that peri.od. ln reas of higher 



ra1nt'a.11 which have long periods or high humidity, the plant is attaeked by 

gray mol d , Sclerotin,!a, r1ein1 Godfrey, whieh destroys the in!lo:reecence (2) .b 
Alterna.ri& ricini (Yoshii) Hansford, attacks the infloresoe!'l..ees and e&puule·• 

in all areas although less frequently in areas of low rainfall and low humid­

ity (2). Castor plants cannot be grown on soil infested by' Texas root rot, 

PhYmatotrichwQ omniTorqm (2). 

It has been found t hat the castor plant grows best and produce, a ma.xi-

mum of disease-free eeed in the central section of the United Sta tes where 

the average annual rainfall ranges from 1.5 to 3.5 inches and high humidit7 

periods are short. This region include a Oklahoma., Kansa s, Arka.nsa.s, Missouri, 

northern Texas and MisB1ss1pp1, western Kentuclq and Tennessee, southern 

Illinois, and southeastern Nebraska. 

At the present time, the crop must be hand-harvested a s the type of plant 

of the adapt ed varieties does not lend itself to efficient machine harvesting. 

The :problem of the plant breeder 1B to develop higher yielding varieties 

that can be machine-ha.rve.sted. To accomplish this task, 1t is essential that 

a careful study of the growth habits and breeding behavior of t his crop be 

made. I n solving this problem, a. knowledge of the pollination ha.bits of the 

·plant and the effect of temperature, humidity, and wind on pollination a.re 

of prime importance. 

!he objective, of this investigation were to determine the time of <la1" 

ot pollination, the number of ·days that the staminate florets shed pollen, 

the relative amounts of pollen dispersed in the air at various distances from 

their source, and the relative yields of several of the better strains of 

ea stor plants under conditions at Stillwater, Olcla.homa. 

1). Fignree in parenthesis refer to "Literature Citedtt, p. 32. 



Fig. 1.--Castor plants growing on the Oklahoma EJ..-periment Station, Stillwater, Oklahoma, 1947. 
Iv.) 



Fig. 2.--A close view of a spike and two young spikes of the castor plant . 
~ 



REVIEW OF LITERATURE 

Jones and Newell (3) give a comprehensive reTiew of literature concern­

ing pollination cy-cles, mostly with grasses. They report that temperature 

has a decided influence on the time of day of blooming. :rewer florets bloom 

when the temperature is lower than the minimum for complete blooming, and a 

lower temperature delqs blooming for several hours or even until another 

day. Also, blooming is delqed by !og, hea"fY dew, rain, and high humidity. 

Sha.ding del~s the time of blooming, but 1! there is sufficient heat, a 

cl~ sky bas no noticeable ef:f'eot. Weather eondi tions of' the previoue da1' 

also ha.Te an influence on the time of the first blooming and the most frequent 

blooming during the~. 

Sando, according to Vinall and Hein (10), and Stephens and Quinby (6) 

agree that relatiTe humidity does not influence the time of blooming. 

Jones and :Newell {J) state th.at when the meteorological conditions were 

Optimum for blooming, the daily pollination periods occurred regularly at the 

same time of day for each grass throu8}l.out its seasonal pollination cycle. 

It seemed to them t hat the time of day of blooming of grass florets is the 

result of the interaction of inherent and external factors. 

1te (12) observed a.t the Brookl)-n !otanical Gardens, that ma.le flowera 

of the castor plant usually mature and shed pollen in early morning and 

Peat (4). working in the British West Indies, indicated that the female 

florets open in the morning. 

Putt (5). in 1939, exposed sets of 8 microscope slides vertically and 

horizontally at 4 elevations in a sunflower mrsery and in 2 blocks of grassea 

that were known to be wind pollinated as a means of comparing the relative 

,amounts of pollen d~spersed in the air by' these crops. The sunflower pollen 



was frequently found in clumps of 5 or more grains , a fact that indicated to 

Putt that it was not normally wind-borne. 

White (12), working at the Brooklyn :Botanical Gardens, obeerved that 

progenies of castor plants of different varietiee gron close together 

indicated very little cross-fertilization, "probably not more than S'/,, even 

under the most favorable conditions. n He attributed this ta an abwldance 

of the plant I s own pollen near the female flowers. and the sheltering effect 

of the foliage against air currents bearing foreign pollen. 

In contra.st. under conditions i n Illinois, Domingo {l) found J6% cross­

ing between adjacent plants in the tame row and between plant-a in adjoining 

rows. This dif!eren-ce could be the result of a greater air movement tn_ 

Illinois (ll). 
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An isolation distance of 7.33 rods wa.s found by Peat (4) to be sufficient 

to prevent crossing in the :British West Indies, whi l e Weibel and Woodworth 

(11) at Illinois, state that planti~gs separated by as little as 10 rode 

showed no evidence of out-crossing. 

Jones and Newell (3) studied the amount and distance of pollen dispersal 

under field conditions for 7 species of cross-pollinated forage grasses and 

cereal crops by means of microscope slides. exposed at heights of 2.5, 5.0, 

and 10.0 feet in the center of the tield and at dieta.nce1 of 5, 15, 25, 40, 

and 60 r ods from the field. The dispersal of the pollen of all the grasses 

followed approximately t he same general trend. Gravity and dispersion de­

creased the pollen load as it was blown from the field. It appeared that at 

25 rods from the field considerable quantities of pollen remained dispersed 

in the air. The amount of pollen was not reduced to small quantities until 

40 rods were reached. At 60 rods" they caught about 1% as mu.ch pollen as was 

caught at the field source. One per cent of pollen would be sufficient to 



effect considerable fertili zat i on in the absenee of competition, but when 

considered as a contaminant, the odds are approximately 100 to 1 in favor 

of a field's own pollen ~3). fhe data from their investigations suggested 

to them tha.t an isolation distance of 60 rods or greater would give better 

chances of maintaining genetic identity than lesser distances. 

Only 4 ()f the va.rietiee nd selection• in these experiment,& have been 

tested before. They are Conner, Dought7 11, and U.S. 4 from vhieh strains 

number 71 and number 93 were &&lecJed. 

The result• of the fir-st cooperative regional castor plant test• -(?), 

conducted by stations in 16 midwestern, southern, and southwestern sta.tea in 

1941, ah.owed that Dou.ghty had the highest yield in 18 of J8 tests while 

Conner was 8'1J)er1or in 16 of 61, and U. -S. 4 in 9 of 53. ll'if'ty Tariet iee and 

selections vc,re grown in 63 se:pg,ra.te tests by these etationg. ln many 

instances, the Conner at.ands were poor because of low seed viability and 

weak seedlings. These 3 varieties yielded well 1n all tests, U.$. 4 being 

second in 16, Doughty second in 1, and Conner second 1n 9. 

In Oklahoma, where ? varieties were \eet,ed in 1941 (7), ;yields of 

Doughty exceeded those of Conner in 7 of 12 tests with both ha.viJig about the 

same yield at Cherokee. One of the 3 varieties was highest in each test, 

~ugbty having the top yield in 5, Conn.er in 4, a.n.d u·. -S. 4 1n. 3. U. s. 4 bad 

the second highest yield 1n 4 tests, and Dougbt-y in 3. Conner and "U. s. 4 

were ea.ch lowest in l of the 12 test$, bu.t Doughty never ranked below fifth. 

Six Yarietiee, Conner, Doughty, U.S. 4, U.S. 7, Kentuclcy 38, and Kansas 

Common, were tested at 61 locations throughout the eouthern half of the 

United States 1n 1942 (8). The mean yield of Conner was 941 pounds o.f hulled 

seed per acre; of U.S. 4, 9:36 pounds; and of Doughty, 829 pounds. The mean 

yield of Conner was either the highest or vi.thin range of error <,i level) of 
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ihe highest a t 42 stations; U. s. 4 at 36; and Doughty at 25. 

e 1942 experiments in Oklahoma (8) ehowed that Conner was sign11"ieantl7 

higher 1n 7ield (51, le•el) than Doughty at Wa.to.nga and Stillwater, and higher 

than U.S. 4 at 'latonga. At Ardmore, there vae no aignU'icant difference 

between U.S. 4 and D:>ughty but both had significantly higher 71elds than 

Conner. The yields of U. s. 4 and Conner were practically tlle ee.me at 

Stillwater and the 3 Tarietiea showed no significant differences at Lawton. 

In 481, of the cooperative regional tests in which it occurred in 1943 

(9), Conner yielded either high.est or within the 5'% range ot error of the 

ldgh.est while Doughty was in t his position in ;lj of the experiments. At 

Stillwater, Conner had a a1gn1!i.cantly higher yield in 1 of J tuts. U. s. 4 

was not tes.ted in 1943. 

At :Belts--ville, Maryland, yields of selections nmnber 71 and mimber 93 

exceeded those of Conner.b 

Studies of t he time of day. llWDber of dqs of pollen shedding, and pol lea 

dispersal were conducted at the Oklahoma Experiment Station, Stillwater, 

Oklahoma in 1947 and 1948. 

'To de\ermine the time of pollination, microscope slides with approxi-

mately 1 square inch coted with vas&line were ell;poeed 1n the center of the 

cast<>r :plant field at heights of 2 and 5 f"eet during early June when the 

plants were approxi mate~ 2 feet high. The elides were placed in holder• 

that were attached to weather vanes at an angle of 45 degrees (.71g. 3). 

Exposure of the slides by this method kept them turned int,o the wind am at 

/;;. Persona.l correspondence, ~. 1947, with Dr. W. J . l)')mingo, Agronom1sl, 
Baker Castor Oil Co~. 



an angle that would catch pollen whether blown through the air or falling ae 

a result of gravity. Observation of the etaminate flowers and of slide• 

exposed for periods of 5 to 6 houre re-vealed that no appreciable shedding of 

pollen occurred between 9t00 p.m. and 4:00 a.m. After determining the 

general time of dq when pollen was shed and .after uniform pollination com­

menced. an intensive stuey was ma.de for 4 days. The slid.es were exposed for 

'.30-minute periods throughout the~ between 4:00 a.m. and 9:00 p.m. After 

9:00 p.m •• slides were left exposed until the following~ so that eounte 

could be ma.de for 24-hour periods. Fe.eh slide was labeled a• to date and 

time, and kept in a slide box until they could be examined. !he to~l m:uaber 

of pollen grains obsen-ed on 20 random low-power microscope f ield1 (41. 22 

sq. mm. area) on each slide was converted to number per aqua.re inch and the 

average for the 2 heights of collection was used in these invetit1gatione ae 
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a measure of the amount of pollen shed. Temperature and humidit7 tor all the 

pollination studies w re recorded by means of a bygro-thermograph. !he aver­

age wind velocity was obtained by observing an anemometer and general light 

intensity was determined by Tieu.al observation. 

Castor pollen was easily dist1nguiehed from pollen or other families of 

plants, dust particle,, and ru.st spore, which were the ma.in contaminants. 1Jo 

information describing l)o,llen of castor plants or relate~ plants could be 

found, Pure pollen was collected and atudied under the microscope 10 that 

positive identification could be made during the study. The pollen grains of 

the caetor plant a.re oToid. in shape and aTerage o. 38 mm. long and O. 23 mm. 

wide. They baTe a smooth yellow to yellow-green ex1ne with an 1tl.d.entat1on 

running lengthwise of the pollen (fig. 4). 



Fig. 3.--A weather vane used in the pollination studies with microscope slide holder attached. I-' 
0 
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Fig. 4 . --Pollen grains of the castor plant (greatly enlarged) . 



For the pollen dispersal study, slides coated with Vaseline were 

exposed during 6 dqs of actiTe, uniform pollination. The slides were 

exposed at 2, S, and 10 feet in the nme manner as in the time of pollina­

tion atudy and then collected and labeled aa to distance and direction 
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from the field and height of exposure. Pointe about the field where slides 

were exposed are designated as stations. Stations were set ,s.p at distances 

of 5, 15, 25, 40, and 6o rode to the north, northeaat, and northwest of the 

field and 1 station was located in the center of the field as a cheek. Check 

stations were also located 5 rode to the east, veet, and south and al.so at 

15 to the south of the field, but the slides were exposed at height• of 2 

and 5 feet onl.7. The slides were exposed to the north of the field since 

the prevailing winds are from t he south. 

The length of time tha t the· staminate flowers o! a single castor plant 

inflorescence shed pollen was obtained bT tagging a number of inflorescence. 

of selection nwnber 227 on the~ that the first staminate flower began to 

shed pollen. "?he inflorescence1 were examined daily until all t he flowera 

had shed. Twenty-one inflorescences were tagged in 1947 and 2.5 in 1948. 

Also, the number of staminate flowers on each raceme vas eounted in 1948. 

Two castor seed yield testa were conducted at the Oklahom& Experiment 

Station. Stillwater, Oklahoma in 194?. 

One test vas conducted on bottom l and having Yahola elq eo11 (Fig. ,5). 

'.?he plot coneisted of 3 replications, .50 feet long. Eight 1eleet1one, 

::e-211, B-221, :B-222, number 71, number ,3, Wieman. Brawley Conner, and 

Maryland Conner. were randoml.1' assigned in each replication. 



Fig. 5. ~A general view of one of the castor plant variety tests from which yield data were obtained. 
I-' 
\.,J 



Sel ections B-211 and r221 were han-ested from outstanding plants 

f ound growing as o~namentale in California. The seed of &election :S-222 

w s imperted from Mexico ard represents some cf t heir best mat ·erial. ]Ats 

number 71 and number 93 re pure~breed1ng aelections from U. S. 4. The., are 

l ow-growi:r:1€ pl ants having ~ small spikes. iema.n was deTeloped by a 

rancher in the Imperial Valley of California where it seems to do well. 

Maryland Conner is seed of Conner t hat was produeed in Ma.r.rland. Seed o! 

:Brawley Conner was obtained from p.lant s grown in the Imperial Valley from 

ryl and Conner seed. 

Two repl1cationa were planted Ma,y- 28 and the t hird,~ 29. The seed 

vas pl anted in 42 inch rows vi t h the hills spaced 2 teet apart. Do.e to a 

limited quantity of aeed, selections B-211, :S-221 1 and B-222 were planted 

in a single r ow :per replication while t he other va.rietiea were planted u 

2 rowa per replication. After t he pl a nts becaJDe well esta'bliahed, each hill 

wa.s thinned to l plant. Wieman was used for border in each replication. 

The second experiment was conducted on an upland plot having llrkland 

s i lt loam soil. 1ve 'Varieties, Conner,. Wieman, Doughty 11, number 71, and 

number 93. were a s signed randomly in ea.ch of 5 replications. Each variety 

was. planted 1n two 42 inch rows, 10 hills per row, 2 feet apart in each 

replication. !hree eeeds were planted in each hill and later thinned to 

l plant. Normal cultural methods were used as needed 1n these 2 tests. 

All rows 1n both experiments wer e harvested after frost by at ripping 

t he capsules of! the spikes by hand (:fig. 2}. fhe capsules were allowed 

to dry and then hul led with a hand-huller. !he seed was cleaned to remove 

the hulls and immature kernels. The clean, mature seed was weighed in grams 

per plot and t he veights converted to pound.a per acre for the analysis of 

variance. 



?reli!!lina1sy stutU.ee with the e~stor :plant had shown t.h<".it it was ad'ltis-

2,ble to begin ex:po$'ura of the slides a.t 1.t,.:OO a.m. to get a complet~ picture 

of the time of ~· of p()llen sheddina. The £ta.minat.e i'lowers t1ere observed 

to begin opening the evening and night before the anthers deltlsed the 

f o.11 ow:i,ng mo:r:ni ng. 

This study was made June 4, 8. 11, !$-lld lj, 1948. The relative hwnidi ty 

was a1)pXQ~imatelJt 1ooi u...,"'ltil 6:JO a.m. o:n th:e last 3 days while on J'ue 4, 

it :remained al.love 81~; until that time. T'ner€J was a sharp drop in the 

Tela.hive hru.11idi w, ea.eh mctrning imz.uedwtely after it had reached its 1-,eaJ;;:. 

1~,ollen !5hedding bc,ga:n 0 • .5 to 1 • .5 hours {7:00 - 8-:00 a.m.) after the humidity 

had. reached its pe!';tk, the hmnidity being a]!proximr..tely 70% on 3 of the 4 

mornings. On June 8_, the second da:y of the stud¥• evidence of sh:edding ~iii 

found when the ln.trai<lity was 94%. '.Vhe shedtling 1}eak was f~d to occur at 

o:p]):J:'O'.'tim3'.tely 60% 1.:r:o. J of the 4 ~s. June 11 being ·lihe <lay that the peak 

w~is reached a.t a lOi1 rela~ive, hu.~iditf or JO%. fhe :wain l)Olli~t:ing pe:t•iod 

en·ied at $; humidi'ty of about ,40% on J of' the Li- &~rs. !.1I:"'ter n!\lch fluctuation. 

'hhe poriod on June 11 ended. at 251%,. 

mch da;y· t,hiB study was cond1.1ete,a., shedding bega,11 at a te:nrpera:tu:r.•e near 

7 ;/' F.. ~d. the main peak w~s &:ttained betwaen 80 and 86° with it ending 

al'O'l.lni:1 90e. 

The time of pea.k polliretion wa~ be:t.-ween 9:-00 and 9f30 a.m. on 2 of the 

d::cy-s. One ~, it t1as l hour later due, per:haps, to a low temperatlU"e of 

60 degree.a early that morning. Th.is was the lowest temp.erature recorded. 

during; the study. The first d,ey. a peak was reachecl between 8;00 and 



8:J-0 a.m. e,nd. E'. s-econd !)e\tl,k w~s r-eaehed bett1ean 10,:,0 and. l:l:00 a.m. 

Light intensity aeemed to have no awe.rent be~ring on pollen shedding .. 

'The f:i.rst day and the last d.q were clear while 2 OP-¥S v1e:re partly clou.dy. 

iio doubt, the mnd. had some inflttenee on the tito.e :th.at part t1f the 

:poll.en We$ ~.ed. On June 4 between. 4:.00 e: .• .m. and 12(50 p.m._. the wi:ai 

velocity ave:raged 10 • .5 miles per hotU". .'Pre..etiea.11,y all of the pollen was 

shet:l d.1.1.ring this period. ·~...e wind ilmi,nithed du:ring the af'\emoon. lm.t 

between StOO and ?;00 p.:m., it r-ose to an average veloeUy of 12 miles per 

hour. dj:b,is may account f fJr the abrupt rise in shedding be:t-ween 5.:JO and 

6:JO p.m. on the,.t date. A erbcng wia<i £'or a. short period of time a.-t 3:45 p.ta. 

on J'U1:J.e- 8, appeared to t,.-xve ea:used the peak that c.cewz·ed at that time. 

:')tu•ing the lf,,,sf. 2 ~s of the s:tu;ar, the wi.ml h't\.s of modet"at-e velocity with. 

no in-agu1a.!':i.ties oeeurr-1.ng. 

The oite1:a11 pietn:i.re. shew in. Table l and illustrated in Fi~1·e 6,. 

indiea.tE'.la that in gen-e:ral, pollination beg.iUl about 7:.'.30 a.m ... :r-ea.ehed. its 

peek at 9t'.,O a.n •• a,ntl tl:r,.ctuated moderately from ll:OO a.m. ttn:t.11 8.;00 p.m. 



fable 1.-fhe e.verage number of pollen grains caught on l S(faar-e-incb areas 
of mi~ros.co:,pe slid~s: erposed 1:n the eante:r o:t a caster plaat field 
at b.eights of ! and S feet duril,g 30-mlnut.e periods of ~ dq ill 
1948. 

4,oo- 4::,o am 
fHJO- ;S:OO 
.5: 00- :, .(}O 
s::;o- 6:00 
6:oo- 6::,o 
6:JO- ?tOO 
7·:00- 7:30 
7:30- 8:00 
S:oo- 8r)O 
S:Jo- 9:oo 
9:00- 9:,30 
9:30-10:00 

10100-10:;,o 
l.C:)0-11:00 
11:00-11:30 
ll:.'.30-12:00 
12.:00-12,:,0 pm 
12:30- 1·:00 
1100- 1:30 
l:)O- 2100 
2:00- 2(30 
2::;0- 3:00 
:;:oo- 3:30 
):JO- 4:00 
4:00- 4:JO 
4t;O- ,$:00 
5.:00- St)O 
5:30- 6.,oo 
6:oo- 6::;o 
6;)0- 7-:00 
?.JOO- 7:JO 
7«:30- 8,:00 
,th oo- S.::,o 
8:JO- ~l:00 

total 

'Number of pollen gl'td.ni peJ" squat'e 1~ 
Jue 4 Jl1l:le a J'IUle ll June lJ Anrap 

s 
0 
(} 

0 
0 
0 
8 

24 
12 
S6 
40 

8 
24 
72 
16 

Q 
8 
0 
() 

0 
0 
0 
() 
Q 

0 
0-
0 

16 
14 
e 
0 
-0 
0 
0 -

0 
Q 
0 
8 
0 
0 

1-6 
24 
24 
S6 

128 
32 
a 

24 
16 
16 

0 
0 
('J 
o, 
8. 

1.6 
a 

6!/, 
i 
.(J 
$ 
3 
0 
0 
() 

0 
Q, 
0 .,.......... 

464 

e., 
& 
0: 
0 
·O 
(l' 
0 
3 

'4· 
16 
2lt, 
24 

l!S 
a ,2 
e 

24 
64 
0 
4)i 

0 
Ji. 
0 
$ 

' e 
G 1, 
0 
0 

24 
0 
0 
0 -

4& 

0 2 
0 0 
0 0 
0 2 
e 0 . 
0 0 
0 ' 56 ze 

86 6.2 
88 54 

104 74 
)2 24 
16 ~-

24 32 
16 20 
16. 8-
J2 i. 
16 20 
8 2 

4,0 .l& 
40 12 

0 8 
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Pollen Dispersal 

The data. obtained from the pollen dispersal st'Uely a.re shown in Ta.ble 2. 

The average n'lllllber of pollen grains caught daily for 6 ~s at the :3 heights. 

z.o, .5.0. and 10.0 f'eet, in the center of the field was :,8?per square inch. 

Using 387 as lOo%, the 81 pollen grains caught 5 rods north .of the field 

represent 21%, of the pollen dispersed. An average of :31 grains a.t 15 rods 

was 8% while 4% was caught a.t 25 rods and ?!} at 40 rods. !he 5 grains caught 

per square inch a.t 60 rods w~re approximately 1% of the number caught in the 

center of the field. fhese data. a.re presented gra.phically in Figure 7. 

South 'Winds prevailed during the study so that the greatest .a.mount of 

pollen was caught at all heights on the slides exposed to the north of the 

field. Pollen was found on the elides exposed northeast and northwest of the 

field which was prol:>ably due to eddies and shifts of the wind characteristic 

of this region. A tendency- -for the wind to shift to the southwest resulted 

in mo:re :pollen "being dispersed to the northeast than to the northwest. :i:his 

may also account for the ilimilarity in amount of dispersal to the east a.nd 

northeast at 5 rods. No pollen w11u1 found on the slides exposed 60 rode 

northeast and northwest. and only a small amount at 60 rods north of the 

field. There was a rapid drop in the average number of pollen grains at all 

station heights as the dist.a.nee from the field increased which indicates 

tr.tat castor pollen may be elassed among the heavier types of pollen f'.ound in 

various speciee of plants. !he slidee e~osed at 5 and 15 rods south of the 

field were fo'UJ'.ld to be free cf pollen. lfhe ~tity of pollen dispersed by 

the castor plant is small when compared with most grasses. fhe amount of 

pollen that falls in the immediate area of the plan.t w~.s not determined 1mt 

considering the 805 grain• caught at the same height as th$ plant. it would 



seem to be large. lfhese facts suggest that an isolation distance of 60 

rods in a.11 directions ts su!f icient to :prevent eontaminatiou in a breeding 

plot when its own pollen is pre.sent. 

Some vertical dispex-sion was indicated by there being about the same 

aniount of pollen at all heights a.s the di stance f rem the £ield increased. 

Near the field more pollen was caught at 2 feet which was the approximate 

height of the plants. 



'fable 2.-Average da.117 number of pollen grains eaUght on 1 aqua.re inch. 
areas of micro•cope slides exposed a.t va:riou:s elevation, aml 
dista.nces from the easto:r plant field on 6 &;ws during June, 
1948. . 

Distance (rods) m.evatton (ft.) 
and direct1o:a 
from the f1eld. 2.0 so . . 10.0 Average 

Center so; 280 ?S .38? 

5 1i 107 80 56 81 
D 21 YI 40 33 
NW ' 8 0 4 

Average 44 42 ,2 39 

w s 0 - 4 
ll 29 48 38 
s 0 0 0 

l.S B 31 27 29 )l 
D a 24 24 19 
n s 3 ll ' 

Average 11 18 21 19 

s 0 0 0 
25 J' Z4 13 u 16 

:0 ' 3 0 2 
ft j 8 8 7 

Average 11 8 ' 8 

40 B 5. 13 J "I 
ml ' 3 ' ' iW 0 0 (l 0 

Aver.ace ) s 2 ' 60 If 3 3 a ' D Q 0 0 0 
Etr 0 0 0 0 

J .. verage l l ) 2 
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Leyth 9!, n,g_ ls! Staminate J'lovers 9J! !. §Rike ~ follen 

The castor plants begin to produce infloresceneea at approximatel.7 the 

eighth node and contino.e to produce them untll frost. 'l'he data (!able :3) 

obtained in Augast, 1947 ahow the number of ~s tha.t a single inflorescence, 

sheds pollen to Tary from 13 to 18. The temperature, during this stu~ were 

high and the relative humidities were low. The average number of ~s that 

the 21 racemes studied in 1947 ehed pollen was 15.67 with a standard devia­

tion of 1.46. The fiducial interval that a raceme vas found to ehed pollen 

was 14.70 to 16.64 ~- c1i level). 

!he data obtained in 1948 are given in Table 4. The temperature during 

this time varied from the low 70 1 s r. during the night to the low 90 • s 

during the d.q. The relative humidity was approxima.tel.7 10~ during the 

early morning hours, gradually declining to 20-3~ during the afternoon. 

The la.st 3 dqs of the atuey were ra.i~ and very little pollination occurred. 

The 2.5 inflorescences etudied in 1948 shed pollen for an average of 16. :32 

~s with a standard deviation of 1.93. The number of dqs Taried from l4 

to 21. A f~ducial interval of 15.24 to 17.40 ~I (li level) was obtained. 

'l'o determine the relationship of the number of staminate flowers and 

the length of time a raceme 1hede pollen, a correlation was calculated. 'lhe 

data for thia study are shown in Table 10 (Appendix). The mimber of flowers 

varied from 33 which r~quired 18 dqs to complete blooming to 68 that needed 

only 14 ~s to finish blooming. A correlation figure of -0.18 wae obtained. 

This suggest• that there is no relationship between the number of ets.minate 

flowers and the length of time of blooming. 



Tm.ble J.-The n:u:inber of days req1J.ired for- a single castor plant int'loreseence 
to completely shed. its pollen, 194?. 

Infloreseence 
number 

l 
.2 
:; 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
l.5 
16 
17 
18 1, 
20 
21 
Total 

Date $hedding 
commenced 

Au.gust J.,.5 
t1.1gu.st 13 
August 15 
Augu.st 14 
Au.gust 14 
Aug;ust 14 
Au.gust 13 
August 13 
Augu.st 14 
An.go.st 14 
August 13 
Augllst 13 
August 13 
A1-,;giJ.st 13 
Augu.st 14 
Augnst 14 
August l:3 
Au.gust 13 
August 14 
Jro.gu.st 13 
Au.gnst 14 

Standard deviatioa = 1.46 

lili!:t! 

Date sheddittg lliumber of 
ceased days .{x) 

August 29 14 
August jl 18 
Au.go.st 29 14 
Augnst 28 14 
August 29 1.5 
August 30 16 
August 29 16 
Aug11st. 30 17 
Sept •. l 18 
i,\ugu.st 31 11 
August Jl 18 
A'1gnst 28 15 
August 28 15 
August 28 l,5 
August 31 17 
Au.go.st 28 14 
August 26 13 
.A1.1gust 29 16 
Augu.st JO 16 
Augu.s.t 29 16 
August 29 15 -32' 

15~67 

Standard d.eviation of the mean = O. 339.5 

Estimate of the mean (1% level) • i I:. •01t 20 si = 1.5.67 I:. Oe9659 

Fiducial interval (1% level): 14.?0 to 16.64 (hqs 



llable 4. -'?he number o:f ~s required for a single castor plant inflorescence 
to completely shed its pollen. 1948. 

lnfloreseenee 
:number 

Total 
Mean 

l 
2 

' 4 
5 
6 
? 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2:3 
24 
25 

late shedding 
commenced 

June S 
June 4 
J'u.l\e S 
June S 
June 4 
June S 
June 4 
June 4 
June S 
June 3 
.June 4 
June 4 
.June 5 
June S 
June 5 
June 5 
June S 
JUD.e .5 
June 5 
June ..5 
June S 
June 5 
June S 
June S 
June 5 

Stand.a.rd deviation : 1. 93. 

Date shedding 
eeaaed 

June 22 
June 21 
June 22 
June 21 
June 18 
June 21 
June 19 
June 18 
June 19 
June 20 
June 22 
J''Ulle 20 
June 20 
June 19 
June 20 
June 19 
June 20 
June 19 
June 22 
June 2:j 
June 23 
.June 23 
June 24 
June 24 
June 26 

Standard deviation of the mean : 0.3860. 

oo.mber cf 
da¥s (x) 

17 
17 
17 
16 
14 
16 
15 
14 
14 
1'7 
18 
16 
15 
14 
1.5 
14 
15 
J.4 
17 
18 
18 
18 
19 1, 
21 -

L~08 

16.32 

Estim.ate of the mean (1% level) : it. .01t 24 S,: : 16.32 t. 1.0796. 

Fiducial interval (1% level): 15.21,4, to 17.40 ~s. 



!i?he fields in pounds per acre for the ; varieties of easter plants 

grown on '1l)land a.re shown in !table 8 (Appendix). l'iwn'ber 71 had the highest 

)"ield with 897. 5 pounds and number 9:3 wa.s second vith 75:3. 2. Wieman pro­

duced. 409. 3 pounds, the lo,11est of the 5 varieties. 

An aualysis of varianee wa.s ealC'Ulated on the seed fields (fable 5). 

lio significant diff'ere.nce among the replications were shown by the analysis 

indicating that. the testing 'block wa.s homogeneou.s. 

The anal71itis showed a. highly significant ditf erenee (11 level) amoiig 

the S varieties.. A significant mean difference O·f 25,5.l pounds wa.e ealcu­

latsd £err the 1% level. !his would eeem to indicate that number 71, number 

93 and Conner had sipifiea.ntly larger fields than W'iell'lan, and. numbers 71 

and 93 had significant;cy higher y-ields tha.n l1,ught7. !hese sta.tement-s are 

su:pported 1,y f'our orthogonal comparisons shown in !ab-le ,. !he f:iret 

comparison, high yield versus low yield. showed 71 and 93 having highq 

signifiea.ntl.7 greater fields than the other 3. There was no difference 

'between the· yields of the 2 high varie't:ies nor was there a.»1. between. the 

yields of the 2 low varieties. There was, however, a si.gnifican\ diffel"eace­

at the 5'% level between Conner yields and those of the 2 lower yielding 

varietiee. 

i1he yields of the 8 varieties and selections grown on bottol!lland art 

,shown in Table 9 (Appendix). Again. ?1 bad the highest yield but the 

anacysis of variance of this block (Table 7) indicated. no signifiea.nt differ­

ences among the varieties. '?he yields were mnch lower than. ex.pee,ed due 

probably to late planting, tight soil. a.nd drougb.tr conditions during the 

growing s.ea;son. The ana~sis showed the teetil'ig block to be unUorm, 

eontrar; to its general appear~ee during tbe experiment. 



Table 5.--An ana~sia of variance of the yields of S varietiea of e&&tor 
eeed grown on npland &\ Stillwater. Ok).&homa. 1947. 

Source D7 ss MS 

Replications 4 86 718.78 21679.69 

Varietiea 4 7o6 887.28 176721.82 

Error 16 305 000.23 

Total 24 1 098 606.29 

Least significant difference - 255.1 pcnm.d.1. 

•• S1gn1f1cant difference at the 1i level. 

19062.51 

1 

1.1373 

9.2706•• 



Table 6. -An orthogonal comparison .of the yields of !, castor plant va.rieM. es 
grown on upland at Stillt1ater, Oklahoma. 1947. 

1. High vs. Low 

171 
4487.73 

t3 
2. High vs. JU.gh fl 

3. Medium vs. Low 

4. Len1 vs. Low 

Source 

Re:plieations 4 

Varieties 4 
1 (1) 
2 (l) 
3 (1) 
4 (1) 

Error 16 

Total 24 l 

Variety and Total Yiel~ 
,JJ,93 · Comier lx.rn.ghty 

3766.21 '.3467 • .59 2746.13 

.,., -2 -2 

-1 

/.2 

fl 

ss MS 

86 718.78 21 679.6, 

706 88?.28 176 721.82 
4S2 828.67 4:,2 828.67 

52 059.11 52 059.11 
15'.3 0:,4.49 153 0'.34.49 
48 965.01 48 96.5.01 

305 000.23 19 062.51 

098 606.29 

* Si~ifieant diff ere nee at the .5'% level. 

** Significant diff erenc.e at the 1'% level. 

Wiemal'l 
2046.:38 

-l 

-1 

F 

1.137:3 

23.7.5** 
2.73 
8. 0'.31!1 
2.;/l 



'.fable 7. -An analysb of variance of the yields of 8 var!etie s of cast.a!' 
.$eed grow on bottom land at $til1wa.ter. Oklahoma. 194'7. 

14 

!Cta.l 

11 019.16 

221 t.i,:;1 .. 6.5 

5 509 .. 58 

q,: 6'l.·~ oe ,_.1.-..:..- .. .J,;;J• . , 

!9·· 



lfhis investigation was conducted with the ca.sto? plant to detel'mine the 

time of day o:l:' its pollination, the relative a.mounts of pollen di.spersed 1n 

the air at various distances from their source, the number of days that the 

sta.m.b.1ate florets shed pollen, and. the relative yields ·Of several of the 

better strains grown under conditions at Stillwater, Oklahoma. 

The star11ina.te !lowers opened during the evening a.nd night before the 

anthers dehised. Pollen shed.ding commenced 0 • .5 to 1.5 hours after the 

relative humidity had reached :tt s peak, the humidity being E1.pproximat ely ?~ 

on 3 ot the 4 mornings a.nci the t.emperature near 750: F. The shedding peak 

QCC1U'red at about 60j1i humidity On) Of the 4 mornings and at a tempe:.ratu:re 

between 80 a.nd 86 degrees. '?he main pollinating period ended at a humid.Uy 

of about 4o% o:n J of the 4 days and at a temperattire of a.pp:i.~oxiinately 90° • 

. Folli:rw.:Hon began a.bout 1:30 a.m., reached its peak at 9:30 a .• m., and fluo­

tua.ted moderately from 11:00 a.m. until 8:00 p.m. 

:Based on the 387 pollen gm.ins caught per struare b1eh in the center of 

Mie ci;;.ator :plant field as 10~;, 21i as mu.eh pollen was caught 5 rod.s north 

of the :field; 8% at 15 rods. ·~ a.t 25 rods, 2% at 40 rods north, and 1% at 

60 rods. A rapid drop in the average 1n111iber of pollen grains at all station 

heights indicates that eastor polle11 is hea.,ry but some vertical dispersion 

is indicated. ll'!'o pollen was found south of the field. An isolation distance 

o:f 60 rods in all ru.rections appears to be sufficient to :prevent contamiM­

tion in a breeding plot when its own pollen is pre.sent. 

The staminate flowers on a raceme shed pollen l.5.67 J:.0.97 daye (1i 

level) in A:u.g11st, 1947 a.rid 16.30 i:.. 1.08 days (11; level) i:n June, 1948. A 

co:trelation eoef £:tcient of' -0.18 was :foim.d between the number of star.ainate 



florets and the langth of tbie :rei1,ti:recl !or 'the raceme t-o eompletely shed 

its pollen. 

1ra:r1eties n\U!l'ber 71. and munber 93 h~d highly' sigx:i.i.:fieantly greater 

yielcks than Connel'-, Do~ty. and ii:te:ma.n on upland. Conner yielded signit'­

foantly better th&.n. no~11.ty and. Wieman.. fhe te8t. on the 'bott omlen.d r:ilot 

showed no sig;nit"ieant di.f'ference ain.ong the va;rie\:l.,$;a. 

\. 
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7ahle 8.--Yields ta p&ll1lds per acre of S varieties of caetor, see4 gl"OWll on 
uplaad .at ltillwa'tei-. Oklahoma. l94f. 

1GJitc1t ie1. 
l'arie\7 t lJ Ill 1, Mesa 

Btmibe,:, ?l 805 •. 49 112e.,, er,.,, '"·eo. .eoa.,a 897.5.S 

l'fum'be:r " ?4;3.29· m.,, 821.()b. 112.19 715.,o 15:,.~ 

Conner s9s.,2 $84.68 566.ot. -·"' SJ1.61 693.52 

Doughty 11 475.8) 52s.s, 653.10 ,11.,a 413.6:, S49.23 

w1 ... 435.40 2.55.02 69:,.5:, 3':3.S7 a,s.S6 409.28 



'fable 9.--Tields i?l. pounds per a.ere of 8 varieties of castor seed grown on 
1:»ttom. b,nd at $tilh1atar, Oklahoma, 1947. 

~eal&c_1tt2~tl 
Variety ·I ll III Mean 

Nwn'ber 71 291.91 .,60. ?6 · se.11 303.ao 

Ntmbe:r 93 186.,S6 69.14 167.08 140.9:, 

:Bra11ley Conner :327.30 4.$6.00 110.57 ·298.22 

Ma.xr.vland Conner 127.a,; 1oe.10 · e;.os 101.00 

Wieman 68.:,1 110 .. 29 327.65 168.81 

,i 211 105.90 24.69 82.86 11.1:s 

I 221 S7.25 21.40 cs.es .;s .. 17 

:a. 222 32.3? 30.73 ,a.59 43.90 



Ttzbl~ 10.--A correlation of the number of staminate flowers and the length 
of time :required for a raceme: to eonri;,le-\.ely shed 1t$ po11en. 1948. 

Racerl!e Nwnber 
numb9r of dieys 

Zl': 

l 
2 
) 
4 
s 
6 
'? 
a 
9 

10 
ll 
l2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
.22 
23 
Z\ 
25 

Total 

14 
14 
14 
lJ:~ 
14 
14 
1.5 
15 
l.S 
15 
16 
16 
16 
17 
17 
11 
17 
17 
18 
18 
18 
18 
19 
19' 
21 -408 

r: -0.18 

lrn.mber of Deviation.a frot:J Deviations squared .ix-odu.et of. 
:tlot!fers t.he mean devia..tions 

I x 1J x2 'fr 7:3 

1181 

-2.;2 
-2.32 
-2.32 
-2.32 
-2.:32 
-2.32 
-1.32 
-1.32 
-1.)2 
-1.,2 
-0.;2 
-0.32 
-0.)2 
o.68 
o.68 
o.68 
o.68 
o.68 
1.68 
1.68 
1.6H 
1.68 
2.68 
2.68 
4.68 -o.oo 

6.76 
20.76 
-0.24 
-9.24 
15.76 
-$.24 

~10.24 
2.76 
0*16 

-7.24 
5.·76 

-4.:24 
s.76 

-0.24 
-12.24 

0.76 
7.76 

-8.24 
-7.24 

-14.24 
-2.24 
-l.24 
8.76 
5.76 

-2.24 
o.oo 

5.3824 
s.,s24 
5.3824 
5.)82!!, 
5.:;824 
5.)824 
l.?42J.& 
1.7424 
1.7424 
1. 7'-1,24 
0.1024 
0.1024 
0.1024 
o.4624 
o.4624 
o.!:-624 
o.4624 
o.4621.!, 
2.8224 
2.8224 
2.8224 
2.8224 
1.1824 
?.l82J.} 

21.902!1, 

89.4400 

4.!5.6976 
430.9776 

0.0576 a.,.m6 
248.3716 
27~4576 

J;Olt.8.576 
1.6).76 
o-.S1?6 

52.4176 
:n.11;6 
17.9776 
·76. 7')76 

0.0;76 
149.81?:6 

0.5716 
60.2l76 
67 .. 8976 
.;2.4ri6 

Z02.'J??6 
.5.0176 
l.5376 

76.1376 
33.1776 
5.0116 

1786 • .5600 

-15.6832 
-48.1:632 

0.!5,$68 
21.4:,68 

-:;6.,56;2 
12.1568 
13.5168 
-3.64:32 
-1 .. 0032 
9.5568 

-1.8432 
1.3568 

-2.8032 
-0 • .1632 
..a.3232 
0.5168 
,; • .2768 

-s.6032 
-12.16:32 
... 23.9232 
-3.7632 
-2.08:,2 
23.4768 
15.4;68 

-10.48;12 

-12.,200 




