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Introduction 

The commercial production of castor beans has become an exceedingly 

important cash crop for the fanners of the South,iestern United. States. 

This crop is a new addition to their !arming program as until recently, 

practically all castor beans crushed in the United States were import­

ed from either Brazil, Manchuria, Africa, or India (16). The supply 
' i\ 

from these sources was found to be not only uncertain but also insufficient 

to meet present and future predicted needs of the United States, insofar 

as the oil obtained from t.h:ts plant is used mainly as a raw .material in 

the manufacture of many items vitally needed in r.nilitary and defense pro-

duction. The United States should have an adequate and continuous supply 

of castor beans from domestic sources if some contingency should arise 

to prevent the importation of the present foreign supplies. Some im.por-

tant uses of castor oil at the present time are: for the lubrication of 

jet airplan.e engines, formulation of all-purpose greases, hydraulic and 

recoil fluids, and the basic constituent of plastic coatings for electri.-

cal equipment, (22). other uses are: as a plasticizer in the m.anfacture 

of fabrics and explosives (16), artifical leather, soap, printing inks. 

and special low temperature lubricants and flexible coating materials • 

.Although this crop has been_ extensively gTown since biblical times, 

very little information has ever been gathered as to its nutrient require-

ments or ability to respond to varying levels of applied fertility. 

Insofar, as castor beans have become an important ea.sh crop, especi-

ally in the Southwest, many questions are arising as t.6 the type of soil 

which is best suited for their growth; and also ·what fertilization, treat-· 

ments, if any, will give econom,;ica.lly feasible responses under varying 

\ 
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clima. tic conditions which normally prevai 1 i11 this extensive area. 

It was the purpose of this irnrestiga tion to lay the preliminary 

11ground-work" in vii:dch it is hoped th.at sufficient ini'orr,,ation i'rill 

be gath,sred such that fu·bure field fertility work will have sufficiea:b 

scientific basis, not only to predict the behavior of cai.s tor plants 

on nutrient deficient soils, but also to have esh1b1ished dof'in:tte 

deficiency symptoms to act as nbeneh-marksH in <:rval uating their field 

responsos, if any. from fertilization. 

It ·vms felt that these preliminary investie;ations should include 

various m.ethods ±';)r determining the fertility sta. tus of the plant, not 

only in nutrient cult1..:ire solutions, but also in pot cultures, using 

normal Oklahoma soils. \Ni th the above poi1::rcs in mind the stud;/ of 

cast;or beans resolved i tse1f into three phases: 

(1) 

(2) 

The study of det'icienoy- symptoms in nutrient 
solution cul h:iros under closely controlled 
con.di t:i.ons :in the g:r.c,enhouse. 

9:he study of dof'ioiency symptoms and tissue 
testing in po't cultures using some normal 
Oklahoma soils under simiHar controlled 
conditions i:o. the e;reenhous0 .. 

(3) 'l'he study of' deficiency syn.;,ptoms and tissue 
testing under field cmndi tio:ns at v,arious 
locations within the state of' Oklahoma. 



Review of the Literature 

'I'he ca.stor plant has been grovm for the oil con.tent of its seed 

for centuries, yet it wasn't until 1941 that the first recorded fcrt:i .... 

lizer trials were co11ducted in an effort to ascertain the potential 

crop yield m1der optirmrn fert:i.li ty leV(,ls. In that y,3ar, Do1,1ingo and 

Crooks ( 'l) in the employ of the U:i.1ited States Department of Agriculture 

conducted a fie1d fertility experiment in which castor beans were 

used as the indicator crop, and varying amounts of ni trog;en, phosphorus 

a,:nd potassium fertilizer materials we1~e applied in bands at planting 

time. As a result of thesE1 studies, it was conclu.ded hy the investi­

gators that castor beans produced no significant response, as ref'lect­

ed in inc:reasod bean ;vields # to any ferti1izatio:n program attempted 

in this experiment., In 1943, the same inv(:,stiga tors conducted trials 

using; tic.-o hundred pounds of a "4-12-8 11 fertilizer per aero aud, in 

addition, various combinations e.nd a:1wunts of the three plant :nutrient 

elements: nitrogen, phosphorus, and potassium. Phosphorus produced 

a:u 8. 5 per cent increase of bean yields on plots grown a i:; Prin.ceton, 

Ke11.tucky; v,hereus, ni t,roi;en 11.nd potassium had no effect 011 h:w1·easing 

the yield of beans :;rown on the same plots. 

In 1951, Quinby (ls) conducted a factorial ferti liz.or trial at 

Chillicothe~ Texas., on Miles sandy loam and found a sig;nif'icant diff­

erence in yield due to ni trog;en alone.. Cluinby (13) stated: 11'I'he addi• 

tibn of thirty poi.:mds of' :n:i trc)g;en at pla.nti:::1.g time resulted in an 

incroHse of throe hundred and eig;hty six po1rnds of' clean beans per 

acre, and the t\ddi tion of sixty pounds of nitrogen por acre resulted 

in an increase of i'iv-e hundred and forty two pounds of beo.ns.u 
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In 1951, Van Horn (23) at St,ill,mter, Oklahm1a, obtained a six-

teen per cent increase in bean yields with the use of. fifty pov.:r1ds 

of am.til.Onium nitrate per ac1·0 arid a thirt~r t..hr00 per cent increase 

with t.k!e use of one hundred pounds of amraonium n:1:trate. In add.it.ion 

o·Un1r i\:irt,ilizer experiments at Jtillwat,~r, Oltlahuma, and 01~periments 

und e:r: irri3"ation at Alt,us, ,,1nd Blair, Oklahoma., in w.li:l.ch quite dif f-

erent r;,;~sults v1ere obtg:i.ned. Fifty., one hu.nrlrer:l, au:l mw hundred and 

.fif'.:,y pounds of ammonium nitrate; one hundred }Ounds of a1nmophos; and. 

three hund:r·ed po1.md1J of a 5-10-5 fertilizer per acr€ 1•icro used at each 

of t,heso locations. Van '.1<:>rn found no significant, increase in bean 

yields viere obtained, from the applied rat,'3s of fert:Lliz,::r at therm 

soecii'ic locations. 
L 



III ME.'.l'HODS OF EX.PElUlili:ff'.l'A'fiON 

A. Methods for -the Induced Formation of Mutri ent 
Deficiency Symptoms of' Castor Bean Plants Under 
Viidely Varying Growth Conditions: 

1.. lfotrient Solution Cultures in tho Greenhous·e 

6 

Castor bean plants were grown in a series of four-quart battery 

jars containing, liquid nutrient media wl th various desired and known 

concentration of the essential rmtrient elements; ni trogeu, phosphorus,, 

potassium, magnesium, iron,; manga.nes'3~ boron,. zinc. copper. iuolybedenum 

and calcium,. .Aerea.tion was provided by the use of an air-compressor, 

power being supplied from a 1/6 horse pov'fi3r electric motor. Air was 

supplied to 1he nutrient cultures at eighty minute intervals with the 

intermediate rest period being oontrolled by means of an automatic 

electric clock. Artificial lighting vms used to i;ive the plants a 

long and constant day, of a fourteen hour duration. 1ffhite sodil.1m-

vapor floresc~it lamps were used to produce the artifical extended 

day and these were connected to a time clock which turned the lights 

on before sunset and remained on for an adjust0d period of time, which 

extended into the evening. Nutrient combinations and cm1centrati ons 

wore used as suggested by Hoagland (12). These sohJtions were pre• 

pared as indicated in table l by use of tho follmving stock solutions: 

One normal solutions of': 

(1) Potassium nitrate (K1~03) 
(2) Calcium nitrate Ca.(N03}z • 4 .S:zO 
(3) Dihjrdrogen potassium. phosphate K.ti2P04 
(4) -f.fugnesium sulphnte rggS.04 • H20 
(5) Potassium carbon.ate KzC03 
(6) Calcium sulphate Ca S04 
( 7) Magnesium ni tru te C.ffg,Jf03 
(8) Dicalcium phosphate Ca2(HzP04)2 
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were prepared and used as basic stock solutions to supply the essei:rbial 

elements to the uutriont cultures. 

A minor element solution was prepared by weig;hin.g out t;1e :c'ollov,r-

ing; amoun.ts of the various minor element for the compounds which w·ere 

indicated to be needed f'or the grow·th of higher plants by Hoagland (12). 

,(1) 
(2) 
{ '7 \ 

fi1 

3.89 grams 
6.11 gT$,llJS 

.06 grams 

.OG ;;rams 

.06 grams 

of manganous choloride ihCL, • 4 IIzO "? 
,--,f 1: • . " -'l U nr, ? ,':, - H)l'.'J.c acnv. .u3-,J,.,3 • 
of zinc suli1ut,,,, ZnSOt... 
of nupuric sulphate CuS"O.a • 5 H;;:;P 
of soauim molybcia:te Na.2 l\!004 • i! HzO 

The above minor elemerrts were th.on combined., broug;ht into water 

solution and diluted to one liter. 'fhis was "then used as a be.sic stock 

solution from which allquots were -taken to supply the required amow1ts 

of the individual elements .. 
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'l'able 1 - Preparation of The Six nutrient 
Solutions in \Jhich Castor Plan:'c.s 
were Gruwr:. .in Orde1:· To Obtain 'l'he 
Deficienc;:v S;ymptoms Under Closel;i;· 
Controlled Greenhouse Condit.ions. 

Hinus Nitrogen solut5.~ 

· \1inus MatznesiuJn solution ----~~-~------~''''"" 

Cont;ent :rat, ion 
4 C C f)er lj~te:r 
4 CC per liter 
l CC per lUer 
2 CC per liter 
l CC per liter 

C~~1centrat!2E: 
4 cc per liter 
4 cc ·)er J liter 
1 cc per liter 
2 cc per liter 
1 cc por liter 

Concentration - -l+ CC per liter 
/+ CC per liter 
l CC per liter 
1 por liter 
1 CG per liter 

Gonce:d,rr.rtion -,+ ccrpe;-11ter 
~- per li tE}r 
1 CC per liter 
2 per liter 
1 CC per liter 

Cor:centratio:n 
- 4 cc JJer-liter 

Li. CG per litE,r 
l CC per liter 
2 CG per liter 
1 CC per liter 

Stock Solution 
KNO,., 
KH2~o4 

Concerrt.ration 
-·g CC per liter 

Mg S04 • 7H20 
Hinor element 

1 CC per liter 
2 CC per liter 
1 CC per liter 



a.ppliod solutloi.1 phosphate,. 

\7inue fro:i'i .Solutioo - .. -~, .... ~~~ 



T;he substitutions ne<~essa.ry to maintain ne1..rt.re,J. solutions la.ck-

ing in only one nut,rient element were as follovsis: 

li'03 in place of K N03 
ca (H;;l04) 2 in placa of XH2 Po4 

·Mg . 1~ . ., of ,.," (r,·o ' J.n p a~,::i . 1.1w. t 1:3 12 

a1eans ot' a mixed indicator 

aw.:l V),Jre c.dju.sted to a pH of 6.8 to .7 .2 dai.ly by additions of Gui.table 

t.he:Lr 0011centration a,E: nee.r1y c:on:::,t,ant as possible. 

pla,nts. Aftc~r germination 

ba.cte:ry ja:cs and the lo~;,3r po:i:t1ot1 of the plant st.6u1S t,01."o then wrapped 

in cotton and suppo:eted by orte-.fou.rth 

, ai'ter Vihich 

'I:vw 0e1"i0s of plant nntt'i.Emt 12 olution cultures v,ere conchwt,ed. 

Both serios were replicated in trip1ic2,Le. 

:1.n order to proYide, m, nem'.·1,:y as poss:ible, identical light. conditions 

were :i.11 o. co,Epl12rc,e nutrient solntion com:bination from the moment 

deficient treatments w€n'e applied. 1n the 3econec series, tJ:'1e plants 

,Jere st2,rtr;Jd in the def::Lcim1t solutions fx·om the mom.ent they were trans-



planted from the silica sand to the nutrient culture and this vrns 

continued unto the completion of the experiment. 

When the plants e:xhibited a1morma.1 external s;ympt.orns of growth 

the visual symptoms were observed, recorded and photographed and Wt)re 

re6arded as deficiei'.1cy symptoms under these controlled conditions. 

10 

After maturity and/or death the plants v.rEire harvested as three components 

(1) Seed (2) Shoot and (3) Root. 'l'he dry w·ei;;ht of each component 

was recorded. 'J:he germination percentage of' the produced seed was 

obtained by plantinfs the seed in small flats c:ontaining acid-washed 

sand whid:1 had optirrnm water and tc,imperature conditions necessary to 

produce 1:;ood r;erminating conditions. The shoot and root vrere tested for 

total nitrogen, phosphorus emd potassium. 

Ni trog;eu -r1as determined by the use of the modified Kjelda.hl 

method (G). 

Total phosphorus was obtained by the arITlnoniuni-molyhdate-stannous 

chlor:i.de rnethod (11). '.I'he intensity of the produced blue color was 

evaluated by means of an Evelyn colorimeter. Extraction of the total 

phosphorus wns obtained by m.eiuis of the 1\Jitric-percholoric £1.c:i.d • digestion 

method (11). 

Potash was extracted by the use of a 1:3 nitric-p0rchloric acid 

solution and the concentration was determined by means of a Perkins­

JJlmer flmne photometer. 



2. soil Pot cuitures in The Green.house 

Three soils vJere selected for this study and these 1'11ere obtained 

from three spei:~ific areas in Oklahoma where castor beans were exten­

sively planted in 1952. It -rvas thoueht desirable to select the types 

of soil on which castor beans are normally grown and these three soils 

were then typical of the major castor bean production areas accuring 

in Oklahoma.. 

The soils ·were: (1) Parson's fine sandy loam, from Pittsburg 

County near 1J:cAlester, Oklahoma, (2) Stidham. fine sandy loam from 

Payne County, near Paradise., Oklahoma and (3) St:idham loamy fine sand 

near Perkins, Oklahoma in Payne Cotmt.y, The above three soils which 

were selected were found to be low in their natural fertility. The 

soil from Paradise, Oklahoma contained 1.253 per cent orgarlic matter, 

orlly 16 pounds per acre of easily soluble phosphorus, as determined 

11 

by the method of Harper's (11), and 168 pounds per acre of available 

potassium as indicated by neutral ammoniu.m acetate extraction method. 

used in the soils laboratory at Oklahoma A & M College ( 11). •rotal 

calcium was found to be .4956 percent and total magnesium measurin.& 

.8119 percent. 'I'his soil was moderately acid in reaction. as deter.mined 

by the use o! a glass electrode. 

The soil from Perkins contained 1.96 per cent organic matter, .142 

per cent total phosphorus and 162 pounds per acre of available potassium.. 

Total calcium in this soil being .392 per cent. 

'l'he :McAlester soil (Parsons) contained 1.96 per cent organic matter, 

.141 per cent total phosphorus and 98 pounds per acre of' available 

potassium and the soil reaction ·was moderately acid.· 'rhe Parsons soil 

vms also found to be poorly drained as it possesses a dense clay pan 
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at about 13 inches of depth. Air and ·water relationships a:re con-

sidered to be very poor in this soil under field conditions. 

The three soils used in this experiment were screened through 

a four mesh sieve and 1i1Jeighed into tvvo and one half gallon glazed pots. 

Each pot of the entire series contained t1:uenty pounds of soil. Acid-

washed sand ,Jas placed in the bottom of each pot to a depth of one 

inch, and glass tubing was placed through the soil to the sa1-1d in 

order that excessive applications of 1vater could be removed if present. 

Castor beans were planted and fert:i.lized in June, 1952, The var-

ious series were replicat€..>d in triplicat,e with the exception of the 

Parsons fine sandy loam ser1es tvhich was replicated four times. 

The fertilizer treatments for the soil pot cultures are listed 

in table 2, which follovis: 

Table 2. 

Rates of Application of :i.Jitrogen, Phosphorus 
and Potassium fertilizer Materials in Pounds 
per acre to Parsons and Stidham Soil Material 
in Greenhouse Pot Cultures. 

Treatment Ho. 
Nitrogen 

Pounds/ acre 
Phosphorus 
_J..bs/ acre 

Potassium 
lbs/acre 

1 
2 
3 
4 
5 
6 
7 
8 

0 
0 

25 
25 
25 
0 

25 
0 

50 
50 
50 
0 

50 
0 
0 
0 

The sources of the fertilizer elements used were: 

0 
25 
25 
25 

0 
25 
0 
0 

Nitrogen from Ammonium nitrate (.33%::J.) 
Phosphorus from Super Phosphate(20% P20,j) 
Potassirun from :Huriate of Potash( 60% K2v) 

'fhe fertilizers 1mere ap:)lied to the soil i~ bands at a depth of 

approximately four inches with the seed being planted at a slightly 

shallower depth. 



At the beginning of the experiment each pot. containing the 

measured soil was weighed to obtain its specific dry weight. 'l'he 

total vrnight of tho pot plus t,iater 1;qas determined by first weighing 
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the pot plus the weight of soil, and then -t.he 1Neight of ·water necessary 

to bring the soil moisture up to seventy-five percent of field capacity 

-was added and included in this total ,wight to be considered as normal 

follovdng 1imtering. At speci.f'ic intervals throughout the experiment 

the original normal ,,eight of each pot of soil -was restored try the 

addition of distilled vvater. 'I'he plants required vmtoring every tvm 

to three days. Each vioek the pots ,Nore rotated in such. a manner as 

to have all of them subjected to an nearly identical light conditions 

as poss Hile. 

11very pot received an application of 11 Aerotil 11 soil conditioner the 

third month of the experiment in order to produce more favorable a.ilrl 

and wat.er relationsh.tos. 

As deficiency symptoms occured, tho sym]:)tods were studied and 

recorded. The petioles of the older leav,~s 1/Jere tested for nitrogen, 

phosphorus and potassium as the symptoms appeared_, in an effort to 

correlate the deficiency symptoms ·with the a1nounts of the various 

nutrients found in the plant. 



3. Field Grown Plants at Three Locations 
In OJ!.lahoma 

Three soils ·were selected for the field studies, Parson fine 

sandy loam, on the Jones farm near McAlester in Pittsburg County, 

Oklahoma, Stidham loamy sand on the Schaffer farm near Perkins, 

Payne County Oklahoma, and a Miller Clay on the Oklahoma A & ;,{ 

College Experimental farm., Lake Carl Blackwell area, Payne County, 

Oklahoma. 

In fertility plots at McAlester and Perkins the fertilizer was 

applied as a side dressing when the castor plants vvere approximately 

one month old. The vurious combinations of nitrogen, phosphorus, a.nd 

potassium 1r.ere applied at the rate of t11~enty-five pounds per acre of 

nitroeen, fifty pounds per acre of phosphorus and tv~enty-five pounds 

per acre of potassitur1. The fe:rtilize.r applications are indicated in. 

table 3. 

Table 3 - Rates of hpplication of Nitrogen, 
Phosphorus, and Potassium. at the 
Three Field Locations. 
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Treatment, No. Rates of Application in Pound Per Acre 
N p K 

1 0 50 0 
2 0 50 25 
~ 25 50 25 .; 

4 25 0 25 
5 .2.Q__ 50 0 
6 0 0 25 
7 ~ 0 0 
8 0 0 0 

'rhe castor beans at McAlester and Perkins were of the Cimn1.aron 

variety. The fertilizer vvas applied in bands about tv.io inches to the 

side of and slightly belovi the seed. 

At Lake Blackwell the U .s. 74 variety of castor beans 1''\Jere planted. 

and fertilized at the sam.e time in one continious operation. The ferti-

lizer was placed about two_inches to one side and slightly below the 



EH)ed. '£he source of' the elomo11.ts 1.m$ tho ie;a:~ e.:s those previously 

stated fOI' tli@ gre~nhomrn soil p.1·b stv.tlia~. 

'.fotnl che::'\ice.l imalysis we1:"'e obtnined for ·t;h,) three soils pre•» 

vicn;sly ifa31:'::at:lonod tntd in addition ttV!'J:ilt-:thlc av1ounts of' p}:i.os:pho'.t'us a.m 
pote.s;:;l;J:,\1 in i,h0a-e soils w,:;1r.;i dei..er::\lined b~7 tiio IJfic ot~ the method& as 

prt ... otieed: in me irnils laoorator;v at O~hi:h.oma A ,1 r,1 C~llo;;e. 

Visual e.b11~r,;,ali ties tH.:ic1.n.•int in ·Jl'liJ i:i-owir.1,:; pla..11ts wn~o n;>ted 

and r<lJCt)rded app:roxitf.ately once <JVery t"Wo· ·1,;1r;w,ks. 

Plo.n t ti sa,ues were eol locted from oae.'1 of: the treated plots at 

u.vo st1;ages oi' t.;rov1th a-t tho IHackJ.vell En1d ~'~i'k.l.:ns plots and cn·,.oe at 

the )icAlos ter plot. '.i'hes'<':! leaf pe'ti()las wtn·,e fh0n e.ru:ilyzed f1:,r ni t,"to­

i}JTI:# phI)sphorus, and potass:i1_~1- u:siz\:'."; the L&fllott.e-,.:fo1•1,3;tm,,. La::,Jotto..;'troug. 

soil tosti.rig k:i.:b,. rJii;,Tntce proson.t in 'lit<'ti petioles were also cheeked 

using, Brey• .s pawth::i;i~ method (s). 

lS 



r,.,.,.. l.-. - The r.111.tri.•t. "1.u.'1GD. olllt.un ~ in \he ·< 
.p"NDb.W-. 
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RESULTS AFJD SISCUSS IONS 

A. Induced Deficiency Symptoms of 
Castor Bean Plants Grevm in Nutrient 
Solution Cultures Under Controlled 
Greenhouse Conditions. 

Iron Deficiency Sl~1.ptoms 

'l'he first visible symptoms of ::i nutrhmt. d_,3:fic:I.0nc:r Ol:r~ured. in 

the castor plants grot1F1 in cuJ.ture ,1olutions 11hich had 1·ec0ived no 

furtht)r a.p)lication of iron after the fifth day a.fter tra.nsplantiug., 

from silica sand to the liquid nutrient, culture. 

'fhe plants in series A, which 1,rnre started Qff in a com;;ilE-)'.:.e 

solution, exhibited similiar sympt0r.1.s the fifth day after ii."cm was 

excluded from their media; these plants vwre four t:',)eeks old and were 

groviing in a complf1te solution, with iron being supplied every three 

days, 1,,hcn iron i,as then entirely omitted from the solution. These 

symptoms VJerA first exhibit.ed :i.n the form. of a general chlorotic 

appearance of the newly emerging .leaflets. ·rhese neYJ lee.f'lets v.ere 

very light; in color, later turned yellow throughout 111 ith only t.he m.id-

17 

rib c,nd. t.he leaf veino reta.J.rn.ne: the:i.r green color. A fm•, of the slight-

1y older leaves bt)Cume chlorotic shortly aftcrvmrds. 'fhe ne'W terminal 

leaflets became llghtBr and 1lghter until t,hcy 1~0ro eJ.nc..st white, and 

appear,;3d to be bleachE,d of all ereen color. .Finally, -the newer leaf-

lets became necrotic and d:ied shortly after emer0encc. 'I'he chlorotic 

leaves curved in a d01tmward direction approximc1_ting an involution of 

the leaf. Some cells of the older cl'J.orotic leaves began to di.e show-

ine large necrotic (black) dead areas. The iron deficient leaves were 

smaller in size than norm.al leaves and were often rac~;ed in appearance 

because of the tearing of the necrotic intervcinal areas. The leaf 



f1SUN 2-.- Jrea 4•fh1«107 1n 4 ~,a· old. oaew:r .. plants 
_.gi,owa 1a nutri•t euJ.ure .fflutiou. 
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. Figun J .- Iron d.ticiec7 1n 10 week olA ca•t.or bean pl.ante 
u OOlipared w1t,h p~ ,rown 1n a OClllpl,.ek 
a\rient 90ln.tion nltu:n. 
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margins also hs.d a tend.ancy t,o smooth out. The lower leaves that 

developed before the sympto ns appeared rctainecl their normal green 

color, indlcat.inrr that iron is not. translocatcd vdt h:1,n the plant. 

The root systctm, when iron WB$ defici.errt} retained a very bright., al-

most v.i hi te ll,Dy1(H-are.nce. 
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I.n the second series of the nutrient culture experiliiEirrh the castor 

bean plant.s lNEH'e transplanted directly from silica sand into the nutr-

ient solution and iron 1w~s excluded from the very r;1oment of trans­

planting. It was found, in this series, that the plants i~ithcut iron 

could not survive lot'.(:f:a!' than t-i'io 1i'ieeJrn 11.nlGGs this essential met.al 

was added to the nu.trlent .mcd:la. Deficiency sy.mpto;:l.s were also the 

same as p:reviousl.r st.at,ed but of a more severe nature. These phm.ts 

from the second series did not foru seed heads or at.tempt to compJ.ete 

their 1:Lfe cycle and this was in great part. d:ue to their reduced and 

retarded growth. 

~r~en Q.<:.f J.._cj.~r1c.z 

'l'be second symptom to become vlsiblc nas that of nitrogen deficiency. 

This too, was a chlorotic condition of the leaycs, ci.::.t thoy differed 

from iron. deficient plants in that the lower leavBs were first to 

become chlorot:i.c. 

'l'he plants were one month old aud vrnr0 very actively grov'Jing in 

a complete nutrient solution when three replicates were selected at 

random to be used for the nitrogen deficiency study. To these three 

replicat~s all esse11tial elements were a.ctded. periodically to the com­

plet:ion of the experiment vdth the exception of nit,rogen. Within one 

week after the eleminntion of the nitrogen application to the cultures, 

the follovJing symptoms were observed: 
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fipN i..- Ii~ 44tf1cienq 1n 4 aon\h old cut.or bean plan\e 
gJ'Olln 1n uut.riu\ nit.UN aoluilom,. · 



•Figure 5.- Nitrogen deficiency in 4 month old castor bean 
plants grown in nutrient culture solutions. 
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Figure(, •• B1ttogen d.eficienq 1n 10 week old e&at<>r bean 
plants • c~ 11it.b plant• grown in a edapl_. 
nu\rittnt fflation culture. 
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,,ia.s retarded in .the same ratio as the retardation of the shoot growth. 

Plants c,f the second series which were deprived of nitrogen., from 

the beginning., co11ld only survive a few days., unless this element. was 

added. 

}~~UQ~. J:t~f=h_.qi_0£.C:Y. 

In about on(i mo:nth after depriving castor bean plants, 1i~hich were 

actively growing in a complete solution, of w.agnesium; a deficiency 

became evident. Magnesium hungry castor plant.s differ from. plants 

lacking in other essor:tial nut,rients, in th&t. they possessed three 

striking t>ymptoms. fl'l, first, ·t-he lower l!'t.a1tf;s lost their normal color 

at, the tip~ and mn.rgins., and bct-vJeen t.he veins. The C()lor -varied from 

a pa.le grs:len to .:i. brl.ght yellow. 'fhc veins m1d th~ tissue clcse to 
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them tended to ret;s.in the nom.al color long after the rest of the leaf 

ha.d lost p:rac-Licall;v all of its 3reen pigment. 'l'hese loavt.~s i'ad.edt after 

a period.,, d:r·i0d up arid _fell off i;he pl<.11.ri:,. 'J:he same plant may show 

a very striking uniform mottling of the terminal leaves vihich consists 

of a yellm,i 0:r .~tlt1:: st:cip bet,ueeu tho voi11s. these st.rips later be­

~,ecame 1.argur and ·the leuves ·1r.:ist. this beautiful mottling effect. 

the le,af nw.rgins, ·,vJ.th the necrosis extending duvmward., near the petiole. 

This scc:rc1icd area J.G cuppe1i up1;ard urrl nakos the leaf take on a palm.­

like &,.>pearar .. ce t1ith t.he; hiaf i' _;J~aJ.1;1 alougJing off. During high. 

tem.per·c,tu:;:'rr.;.;:, tb:-i latt.er sympt.o.m s,:ei;.1;~i t.o be p:revelaut. rt appears .from 

f~;rra.ation uf chlorophyll, over and above, its being a constituent of 

the chlorophyll molecule. 



-·· 

. Fii\lft 1.- ~•ei• deticienc, in i. month o:l. __ ad_ • _- .. ··iv, .beQ 
~ pawn 1n nutrient,. eultt.lft ~--. 
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t~o seed ·wera .tor.med. on the 10111 magnesium cultures. In the 

experimeut cond1.:cte,1 :i.n the greenhc1use.,u.nder- d(:fic:i.ent. m0gncsium 

cundit:i..cn.s, the plants began t.o flov,,er., but could not, set .f'rui.t. 

'i'he mnls parts (i! the fJ.ovie:r see11ed t.o be no:r•mal, bu.t the feJ,1aJ.e 

parts d:1.d not. d<.wt,lop and !1tatu.re. \\hen 1ilagncsium w.;;i.s omitted at 

a. very ~arl,y date, erowth w::-;s vur;r rmch reduced~ with Sfr<lptoms 

occur1ng :1.n the sc:rn1.e m:::i,rnwir as VJRS sl,ated prev:i.c.iu.sl)!. 
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riaan a.- Kapsi• c1..no1-q 1n 10 "* olcl. ouwr bean 
plaats .. ~ 111.tJl plant.a' &J'OIID. ~ & .... 

pl.et.• Dli~l"iut. ulv.\1on cult.,-n. 
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.ripre 9.- Phollphon.t 4etioilltlq in 4 wth ol.4 eut.or b.-a 
· ~ ll'Olfl'l in nutrient cul.tun aolllil~. 
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As phosphorus deficienc~v became acute, the plant assumed a 

spindly appearance with leaves remaining only at the top, and 

these leaves finally took on a bronz,s appearance and sloughed 

off. The maturity da.t-::i of the plant Tiasn rt affect;;c:d., very 

markedly, by low phosphorus levels, but the production of seed 

via.s almost nil. 

After depriving the castor bean plants of calcium, there was 

no immediate ill effects, but after approximately four we©ks the 

roots became dull in a.ppearance and finally turned black. \Tisual 

above g-.cound portions of the pl.ant, soon f ol1010ed, rJith their 

deficient symptoms. Small lesion-Uke dots appeared on all the 

leaves, petioles became 1;1eak, bent dovmward and broke, later re-

sulting in the collapse c.,f' the entire petiole. The collapse of 

the main stem occurred mainly on the younger plants. After the 

deficiency became very critical, the entire cell v,all collapsed, 

especially near the t0r1ninal bud. The roots and shoot both died 

and decompos,~d. It took only a fe'i~ days after the first. syraptoms 

appeared until the entire plant was dead .• 

In the experiment previously described, calcium was supplied 

aft.er the terminal bud disintcerated, but be.f'o;::'e the entire cell 

had collasped and a ne;si growing tip appeared at tho high0st living 

node and t.he plants grew nor;nally to 1!k1.turity, and produced an 

excelJ.ent seed crop on a complete nutrient media. 



Figure 12.- ealoiUfll Wiciency 1n 3 month old caator man 
plant.. 8'J."OWll in nutrict. •ol.utcJ.on cul.tuna. 
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Fi~ 13.- calcium. deficienc7 in 2 month old ca•tor *1l 
· - plant• a.a compared ·-.1th plants grown in 

OOlll)let.e nu\l"ict aolution C'Ql.t,'Q.l'N . 
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Figure 14, •. - Potasd.um de-tl.cienq in 4 aonth <>ld eator ·1*.rJ. 
plants: o-own m n:atn.eat eut-.r• aolu.\iQM. 

'l"' _, ( 
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Figure is .- Potaasium deticieney in 3 month eutor bean 
plant. aa qaapared 11it.h plants gro11n in · 
caaplet.e mitrleut. solution cult~.-
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i~ Cond.e11sed JJcgc:r·lpt:Lo.n. <)f tfie l)efi-c.ier1c.~y- as OL41ained 
:From the nutrient Culture Solutions in the Greonhouse, Classi-
fiod t,o 
H Hunger-signs n. 

Older or lower leaves of plant affected. 

1. Plnnt :1 itht green; lower leaves yel.lo,n, 
\.i,..J. t-o b:c<.~~.-1n:1 c,J}.crr_;. 1-_~.;.1<0.<, 
and slender, if deficiency occcu:'s i.n later 

:_)ftr;tl h 
color- - - -

' spots cm chlorophyll, often red 
on of 

-Phosphorus ·-·----
B. Effects mostly localized. 

3. Lower leaves mottled or chlorotic, veins 
rc2,rJ.ain £T0on, term:"ina1 leaves later be­
cox,ung mot. c,led: margins of leaves cupped 
ur?,ijard > stalks slender- - - - - - -i'Ial"tnesiu.m ... ' .... -~--,.., .... _ ..... _ 

4.. I,0°~·er le:;ves Lecvnc, chlorot:'Lc, tip;:, and 
m2rgi:r,s turned light colored, then yelluw, 

firn1ll7 L'.rmrn. LeE,f sometime con'L3ins 
lesion~-JJ.ke spots- - - - - --Potessiu~ 

II Hewer or te:cu:l.naJ,. loaves affectod.. 

l. h,t.i,;l0s LH .. 1md and breal~. Termirw1 leaves 
contci .. :.1 1Rsion·-J.i.kG spots v,hich become 
lar· ge1~, G"Liii.lk f::L::.ally at terrtinal 
bnd- - - - - - - - - - - ·- -Q;Jll:tcE; 

;2 4t J~en·vc2s :L:tr;}1t c ol_or·, tJ1.cx1 
yellori, f:Lai:t11;:,, 1Nh:L t(:;,. Older lea.,, es 
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Table 4.-arowth and seed production of castor bean plants deficient in Nitrogen, Phosphorus, 
Potassium, and Magnesium as compared to plants grown in a complete nutrient solution 
in Series Af} nutrient culture! experim.ent. 

: : Total dry weight of t.he l Total dry weight of the :Total dry weight of the 
: Treatment t root system. in grsma. ; shoots in gJ.'atU. ;seed in &W -Rep~ 1., Re;e. 2., R~3 1 R•E• 1., Rel?• 2 •• R•E• 3. ;Ree• 1. i Ree.2. i Ree• J· 
• . : • : • . t . . • . . 
:Complete solution:; 78_.09 ; 79.29 ; 67 .6() 

' !4?.80 ; 168.70 • 73.40 ;%).5U 88.50 47.49 • 
: : • ~ • • • 
:lrinus Phos,ehorus: lJ./J . 31.;o i 20.00 ; Jg.00 

' 
;,o.60 24.10 ; J;.O·.L 4;3.00 : 24.70 • . . • f : : . . . 

:Minus Nitro~n; l'" 'r! t v!.~!.- J J5.2Q ' 24.20 20.80 20.10 ... - : hOO 811~ : 
: : : t l : 
::Minus Potassium: . ;i}_.90 ' z!.50 : 5J.50 : ~-60 : 58.00 . ~J.10 1zi.7~_: 12.20 : . • 
; . f : : : : . . • 
:Minus :Maf.2!e&ium; : .3.9_ .. 10 20.~ : : 10.6() : 10.9.2 : : o • (; o.o t o.o 

.'(', ,, ,! .. 
.L .,\) ., '·''·' !(:t': ; ·~ '·' ( ~ ' 

,, 
I,.!'- . - ., .. 

"tf ! -~ 

. • 
: 
t 
: 
; 

: 
l 

J 
: 
: 

: 

9 

Table 5.-Growth and seed production of castor bean plants deficient in Nitrogen, Phosphorus, Potasaiura, 
and Iron as com.pared to plants grown in a com.ple·c.e nutrient solution in Series B* nutrient 
culture experiment. 

: : Oven dry weight of the Total weight of the Total ~sight of the 
: Treatment • root ···- •istem in grame • shoot in E™. se!d . in grams. 1 
t I Rsp. 1.; Rep. 2-: Rep. 3. ; 
: t : : : 
:C5!Y?lete** Solution1 .!it. .oo 57.00 ' ; 
t : : : t : . • 
:Minus Phos,ehorus: t ).00 i 10.00 . 10.00 • 

... ¥~ .......... t I 6.00 ; 4.00 ! o.oo • c.00 t -,--
t l : : t I 
:Minus Nitro,Ien: 23.00 ; 20.00 : 11.00 I 21.90 ; ;.oo l ,.oo : ,) .oo ......... 
: • I : • : t : : : 
:Minus Potassiura:*i1- _'!4.00 : 32.00 26.00 f t Ji•OO F 16.00 : 10.00 i -..+ft•OO 
• • . : t : 
::Minus Iron: 56.00 f t : s.oo ; .. - I -- i;.00 

-4~In this series only tl1e complete and m.inus potassium solutions produced se,,crJ. 
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Table 6, -Chemical ana}¥sis of castor bean plants deficient in N.itrogen,,Pho•phorua, Potassium 
and Kagneeium as com.pared with plants grown in a complete nutrie~t solution in Series 
Ai, nutrient culture experiment. · 

: ----~------~----~---.--C-anpo----a~it_i_o_n __ o~r-t_h_e __ r_o_ot-a----------~------Com __ P!) __ S~i~ti-.o-~-i-o~t-t~h-e __ a_h-oo_t_s __ ~--: 
• Treatment percent: percent ; percent : percent • percent. : percent 
: 

s Complete Solution: : 
: 

: 
: Minus Ma;mesium: 
l 
: ~ Ma121;eaium: 
: 
: Minus Nitrogens 
t 
: Minus Nitroem 
: 
: Minus Nitro~n: 

1-;J. trogd phosphorus: 12ota.asiun1 nitroe!n • phos,21·.oru.s: :e2ta.aaium 

t 
0..!9049 - -

I 0.0990 

; o.oz,9 
t 0.0460 

I 

: 
t 

I 
: ' 

0 •J9:22 ; 0 ·$>9 
: 1.0,eo , o.~60 
t 

t 
.0.0220 
: .0~1720 

: 

I 

r 
: 

t 

: 
t 

11- Plants gro"Wn in a complete solution tor one month before being placed in th~ deficient eoluti,ons 
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B. Chemical Analysis of the Harvested 
Plant Material Produced in Controlled 
Nutrient Solution Cultures. 

1+3 

The results of chemical analysis for nitrogen, phosphorus, 

and potassium VJhich were conducted. on the roots and shoots, of the 

plants grown in the nutrient culture solutions are given in tables 

6 and '7. 

In all cases where a specific essential element was omitted from 

the solution, that particular element was low in both the shoot and roots 

of the plants as compared to the plants receiving a complete ration. 

As a result of the stt1dy, it v1as found that t.here were also various 

ionic interrelationships present in the nutrient culture solutions, in 

addit,ion to deficiency symptoms in themselves. 1:hese relationships 

appeared quite interesting and were sufficiently striking., that an 

attempt will be made to evaluate these, in the following para.graphs. 

The series A, which received no magnesium contaj.ned higher amounts 

of nitrogen than the ones growing in a complete solution. In series 

B plant.s, the plants growing in potassium. deficient solutions contained 

a much higher nitrogen and phosphorus content in the shoots tha.I1 plants 

gTovdng in a complete solution. 

It also appears that in the series A plants, the nitrogen content 

of the root ·was higher in most cases than in the shoot, yet there 

seems to be no correlation in this respect idth reference to phosphorus 

and potassium. 

The plants 1,~ere so variable in chemical composition, even between 

replicates, that it was very difficult to arrive at any definite con-

clusions as far as this phase of the experiment was concerned, and it is 



felt that further work is noedod along this line to clarify 

t:·1e si tuati.on, ii' any extonsive us(;1 of tissue testing ls to 

Le unde:ctaken. 



C. Induced DeficienCJr Symptoms of Castor 
Plants Grown in Soils Pots Containing 
Three Different Oklahof'.1a Soils. 

Deficiency symptoms were definitely pr<:)duced in the greenhouse, 

in pots filled \'i:Lth Parson fine sandy loam., Stidham loaary sand and 

Stidhrun s[;;,ndy loam, and receivi.ng Uie various fertilizer treatments 

as indicated by table 2. 

The most common sym:ptom produced :Ln these soil pots ·was that of 

reduced growth. The plants grown in pots receiving no fertilizer, 

in all cases, ·were very greatly reduced in grov1th, hov-Jever., no de-
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finit.:~ deficiency symptoms appeared on the leaYes of these plants, ex-

cept in the case of the Stidham. sandy loam pots, v1hich produced s;ymp-

toms sim.iliar to the nitrogen defichmcy symp'to:11s produced, in t,he 

nutrient solution cultures. 'l'he sym.ptoms wer,e, hcswever., slower to 

appear and the effects were not as severe as in the nutrient solution 

cultm:·es. The lov,ier leaves c.l:roopod in a dovmward direction followed 

by the lower leaves takLng cm a light pe.le green appearance, which 

soon became completely yellov~ and finally sloughed off. In all t,hree 

series the plants not receiving:: nit,rogen turned a bright red at the 

base of the stalk. All soils produced nitrogen deficiency, whoti. the 

pot was not fertilized with nitrogen. 

Symptoms shrtiliar to potassium d.of'iei0ncy 11ere noted on the plants 

of Parsons fine sandy loam pots, wh1ch did not l:'ecei ve potai:is5.um ferti-

lizf;r. 'l'hese symptoms wer•,, idcntica.1 to those prodi:wed in potassium 

free solutions, in the nutriEmt solution cultures. Potassium deficiency 

symptoms appeared also in the pots filled vdth .Stidham sandy lomn., which 

receiv0d i'ift;ir pounds of nitrogen and fifty pounds of phosphorus per 

acre. Potassium deficiency v1as not not0d in the pots filled ,~:i.th Stidham 

loamy sand. 



Phosphorus def:Lciency s,ymptoms were observed on plants grown 

on all three soil types VJ here t.he pots were fertilized 11dt,h .nitrogen 

alone or nitrogen and. potassium. 'fhe internode of those pla.nt.s YiEJre 

elongated and the plants t,ere taller than normal. The leaves were 

lig:ht in color with nsplotches 11 of d;:1:rk green color. rem1)ining. 

Some leaf cUsccilorations were noticed on the· plants in which t.he 

soil rece:i ved pota.st:LLu.m a.lone. v1as thought that this di::~c:oloration 

might b,J a compound deficiency of both phosphorus ar1d nitroven. Usually 

the leaf tuvmrd the pet.ioJ.e 1.1nt.:Ll the leaf v,ould finally fall. This 

discoloration contained characteristics of both nitrogen and phosphorus 

d ,,. . . • e11.c:u2nc:,.es. 



D. Induced Defic:Lency Sym.ptoms of Castor 
Plant,s Grovrn on Field Plots at Three 
Location .in Oklahoma .. 

The field pl,.:,ts ·which were located at three different localities 

in Oklahoma and which were fertilized ·with the various combinations 

of nitrogen, phosphorus, and potassium, as indicated in table 3, did 

not at any time throughout the experiment possess deficiency sy;nptoms 

similiar to those produced in Uie nut.rie.nL solution cultures for 
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nitrogen, ;'.)hosphorus, and pot,assium.. There were., however, some response 

to the fertilizer applications of these n1acro-elements. Early in the 

growing season the increased growth due to fertilization ·was great but, 

as the season progressed these differences dissipated. This loss of 

differences may have been due to the 19.52 growing seaso:n.t~hich was 

extremely dry at each locality; :rainfall being far below normal through-

out the state. 

At the McAlester location a discoloration of the leaves appeared on 

all plot,s irrespective of fertilizer treatment. This abnormal appearance 

Vias very similiar to that identified as magn '.sium. deficiency from the 

nutrient solution culture study. Insofar, as the f'ield plots did not 

contain magnesium. fertilization treatments .tthe writer could only offer 

a theory as to a magnesium deficiency being pt?esent, but it is felt 

that in ariy future field fertility trial,magnesium should be included 

as one of the applied .fertility element,s. 



V Foliar Testing of t.he Cast.or Plant 
for Levels Qf Nitrogen, Phr.Jsphorus 
and Potassium When Grovm: 

A. In Soil Pot Cultures Fertilized With Various 
Combinations of nitrog0n., Phosphorus an.d 
Potas.:d:um. 

'l'hfl results of the tir;sue test.s on the plants })roctuced in green-

house pots fill~d with Parsons fine sandy loam, Stidham loamy sand, 

and stldha.m sandy loaT •. s.nd receiving di.fi'ex·ent fertilizer treatments 

are given in table 9. 

Because the plant food elomentr;i l!?.us't be trarisportt:,d through the 

petiole on their journay to t.he leaf it ·ww felt that. the petiole would 

be the proper portion of the plai'.t to t,(.,st for available nutrients. 

Nutrhmts often a.ccumulate in the leaf 1:J1.ren though the t,otal supply 

of a element may be approaching the l1~vcl litrl.ting for normal growth 

and reproduction :for tbe entire plant. 'I'he amo•J.nt of nut,rients in the 

stem £riay be a good index but this necessitates a large n.umber of plants, 

which often times were not aw:dlabl~. 

The petioles w~ ere selected from the lovJer part of -the plant. It t-\ias 

planned t:.o take the third l,Ja.f f'rorn tho botto:n, h.1t t;.;:1e plarits beean 

losing their lm~er leaves ·Ums interrupting this '.Ilethod of obtaining 

testing 1nr.1terial. A :nore accura:t0 method of seLscting pi:rt.ial€is would 

have been of gr~t::tt benefit t,o ttie st.u.dy. Perhaps selecting a petiole , 

by count,int5 from the t1:mniwil point ·wo11ld Lie c.ccu.rate or else counting 

f'ro.'11 a predet."1rm:lned node mH.y have been a solut:i.on to the pr·oblero..,of 

obtai . .ning to.;:,t:lng material. 

llf;, can be seen from table 9, the results obtained from tissue 

testing appear very promi.sing,as far as nitrogen is concerned. ·rhere 

is almost a direct correlat::ton 1ivi"th t.he application of nitrogen ferti-



lizer and the am.ount of :i:Ur;:t..zis in the p,::t.i.ole: t,h:rou.ghout the 

grovling seas en. 

In contra1Jt 'Lo rosulLs obtained from the n:H,ra.te t<~Dt, t.he :r,:lsult.s 

:Lr, t hEJ c.:=we of phosphorus the1:·e Vias a correlation between the difference 

the tern.in<1l petioJ.os to phor::phoruB def:Le).emey s;ymptom.s. That is; if 

It would appear tis 11 result of tll:Ls study,, that i~s phosphorus 

becomes lirn:Ltin2: tho castc,r bean plant trc1.nslocc.tes th1.s elemtmt 

fro1,1 the older, 101!-:ier leaves to the terminal younger leaves, in a.n 

cffo:r·t to perpot:1.at~, :Lts terminal growt.h. 
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'The results of Lli,:: tissue t,:;;trLs, on tl,e plants produced on soil 

plots, t d:ifferEnrt fertilizer 

selectS._011 for t.he 

'£he p~,rLiolet; were selected c1,c t"wo stages o.f growth: 

(1) 'l.'he pr1o1nat.ur-

the leaf p0tioles i,ere gathered 

ftOO[l,. 

appears 

C;f ,,pplicd :.:1itrogenous fertilizer material. Hc.mever, entirely different 

resuJ.to 'Ne1·e obtained ~;hen the petioles were tust.cd for phoaphoru.s and 

to t .. hc -scil. 

J.i.ainJ,3.,11 WLU, ?Hilll belo:i 1101\nal in all pox0tions of' the state. Dronghty 

conditions occu:crod. oarly in Ji.we, and i~ere follo-rwd by prolonged periods 



of hi[Jl tenrperatures and Ltot southwostorly winds d11rinb July and August, 

and ·t."Joso conditions 1·esulted roduc0d growth, and L;wored ?ields 

for the ontire castor bean crop t the state. As a result 

of this over-all rodue ;J.ori Ln 

plant .material vra.s produced, such fan t the cLi.lutin/S effects ia the 

productio;;1 of nor:G.11.1.l fast growint:, plants were FJ.,::sent. and as a resi,ilt 

deficiency h:nrels of' both phosphorus nnd potassium IJ\TEl:ce l1ff1Te1' Hpproximated. 
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VI §2.!~F.Y.~ and . Cpl}c].usi'?_Il.2, 

A. Def~2}:<:f~OfilS 

Pma.nts, although lacking the power to speak, have a meaxrn of 

telling us when 'thoir nutrient. 1J:JJ.:1dia i~f lacking ln proper nourish-

merrt., but. just how do thoy go about, letting us know l~hen they are 

suffering :from the ls,ck of c1:irt.ain essential elcm.ent.s'? The plants 

iT1 themselves do not, speak bu:t can tell of their dif i'icaltit,s :l.n the 

production of certain vism:tl abnormalites in their leaf' and stem 

color, and growth habits, v, hich vie call II hunger-signs n. It is not 

their fault t, hat \1ve do ,::wt, alt,iays interpret these symptoms correctly. 

At times, it is very difficult to :lnterpret c:orrectly tl1c symptoms 

of plant food deficiench,s in the field clue to the many errvi.rorn:10ntal 

factors, vvhich are also <:,1nstantly af fect,ing t ha plants. Prolr.:inged 

periods of advrerse vieat.hcr, inso(~ts., and discas,,:;s .m::1y cause syz:1pt,oms 

very similiar to plt,nt food de.ficienc.ies (13), but vihen t,here. is a 

question concerning thes~) d.e.ficienc:Lcis, chemical tissue -host can be 

.made for ri:i.trogen, phosphate, 

likely to be deficient the correlation 

t.0sts ca.n then be used ai::; a guide 

to th<-:a f ertiH.~1.<:::i: applica.t:i.ons needed. 

trnder the s:3.r,10 env5.romtmta.l conditions. It is the.:refor,9 neco/5so.:cy 

to stucl;;r 0r1.ch plant in guest,io:n under speci;i?icall~r contro].led co:n-

ditions. \'her.c,.f ore, castor be1?ns 1'.1ere (6TO'rm in nutrient s,,1ut:Lon 

cultures under eont,rol1ed. cond:it:lor:3 th.e gre,~tthotts e, c'G.:J. effort 
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to obtain deficiency symptoms 1;1hen e1;ich specific element was la<::king-

from. the m.,1_trient media.. symptoms v.1ere obtained v1hen nitrogen, phos-

phorus, potassium, iron, ealc1um, a were not suppliod 

to the nntr·icmt media ln 1:1deq_urrt.,s a:nourrt.s. 

Dcficj.t,:n1ey sJrmpto:ns for 

also obta.:.:ned on plat:rt.s grotdng in :mil pots filled nith soils low 

in f•artility. 'J:hree ~;oils ware f e:r·tili!L.::id with the Yariom, com.b:Lne:tions 

( ').) F. 0 The 

so.ils fertiJizc,d v:ith two elements at the rutes indicated in table (.3), 

the -t:,ird 

:Lrcg 11!:nzngo:r-signs" which in nost cases VJC1'8 ver';t s:lJrtlliar t.o those pro-

duct1d in t.ho nutrient solu.t1on cu];c.m:'B$. 

Soils lovo :.n .f ertilit;v wero fertilized with t.\1e se1Jne combinations 

in Oklahom1'.1. 'I'hese soils wcrE:,: StidJ1am. J.oamy sand in Payr,.E.: County, 

Oklaho·n11; Stidham scmd;7 10~1m. 5.n Payne ccu.rrty, Par·son sandy 

loam founc: in Pittsburg ()ount~r, Oklahoma. 

castor bm:ms are; frequently 

were no v:i.rua.1. chlorotlc cond:iJ.;tom: develo ),":d on 

grown ct theso locations ,,lrich 110:::ire si11til:L:.u' to 

on 

the le:.c1vet1 of the castor plcmtf1 ·,ah:Lc:1 ,,.,,:::s v0~y s;L11.::Lli.o.r t,o L ho .'xv:;.gnesium 

doficienc;y produced :i.n t nutrient cultixr0 

striking and it is believed that the symptoms as reported will become 

a valuable diagnostic technique in determining the nutri'l,ic.nal status 

of castor beans grmving under field conditions. 



It must be pointed out, however., that these 11hungE;ir-signs" are 

merely another tool ~'lhich may help us in accomplishing our vwrk and 

in determining the correct management practices to .follov~. They by 

themselves are never conclusive because, as stated earlier, many 

factors such as adverse weather, insects, and diseases may cause 

sy1nptoms Viery similiar to plant food. deficiency symptoms. It is be­

lieved that these interfering factors may actually cause certain plant 

food deficiencies in the plant even though the media upon which the 

plant is feeding may contain an abundant supply of all the essential 

elements in a supposedly readily available form. 
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Ii' we proceed with caution and understand the limitations inherent 

in any evaluation of the fertility status of soils viith the aid of 

these 1thunger-signs11, they can be a very valuable asset not only to 

the trained agronomist but to the farm.er as well. 
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B. Tissue Tests 

As previously- stated, 11deficiency•symptoms 11 alone are not eon-

elusive enough in most cases to be used entirely alone. It was there-

fore felt that if we could est~blish by use of tissue tests when 

ni troien, phos phorl,ls, and p()tassium W€-re becoming limited in the castor 

plant, that these b"FO techniques used together mi0ht be increasingly 

useful. The procedure involved in making tissue tests 1$ in itself 

simple. Selection of the tissue to be tested in various plants am 

the interpretation of the analysis are very complex. 

The petioles from the castor bean plants from ea.ch treatment of 

both the soil pots arid the field plots were collected and tested for 

nitrates, phosphates, and potash. The tests\vere made by use of the 

La.I.iotte-1\forg;an, LaMotte-'l'roug soil testing kit. Iii tra.tes were also test-

ed by Bray's powder method. 'fhe low0r petioles were obtained for 

testing and the petioles were always gathered at the same time of day. 

All were selected at 9;00 A.M. except those at the McAlester location 

which were sampled at noon. 

The number of tissue tests ::Dade in this experiment were by far 

too small in. number to be conclusive. It appears that the nitrate 

status of the castor bean plant found by the tissues test can be 

accurately correlated. not only v.ri th the amount available nitrates 

in the soil,. but al so with ni tro{,,en deficiency symptoms. 

Unfortunately, for phosphorus and potassium it is not as easy. 

Al thou,·h more work is needed in order to establish de:tini te con-
. -:.;i 

clusions, the author ·believes that the phosphate status of the plant 

can def'in:l tely be established. If a substantial amount of phosphorus 

1:ms found in ·l:;he top leaf and much less in the lower leaf" phosphorus 



deficiency symptoms usually occured shortly afterwards. It appears 

that perhaps the plant begins to tr.anslocate phosphates from the 

older leaves to the nevier terminal leaves when the m1pply is in$ui'.fi­

cient for to:rminal produc·tion. 

Since the plant is a dynamic sJistem grmdng in a dynamic soil 

system aod subject to ot.her ecological influences, many factors vdll 

influence the level of the soluble or unassimilated nutrients in a 

gi VGn plan'G at any giver~ t.ime. so.me of the r.a.ost important factors to 

consider are: ge.-.c1eral health and growing condition of the plant; level 

of other nutrients in the pla.n.t; occu.ranee of insect dam.age or disease; 

climatic conditions at the time of testing, and the time of day at 

1.'Jhic:h tests are made. As stated by Krantz et • .al. (27), UThe plant 

diagnost,iciun .m.ust be \vell acquainted with the physiology of the plant 

if he is to make most ~ffectb.re use of plant-tissue tests. 11 

It is believed that tissue tests as a supplement to 11hunger-signsn 

and other diagnostic techniques can be Viery valuable as a practical 

method for determining the nutritive status of the castor bean plant. 

The data presented in this paper represents the results obtained 

from one years study only, therefore, no definite conclusions can be 

stated. It is recommended that those inv:estigations be continued., 

especially the 1.1:Jork on tissue testing i'or phosphorus and 1:>ota.ssium. of 

-v~hich the first years results are definitely inconclusive. 

56 
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