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Introduction

The commercial preduction of castor beans has become an exceedingly
important cash crop for the farmers of the Soubthwestern United States.
This crop is a new addition to thelr farming program as until recently,
practically all castor beans erushed in the United States were import-
ed from either Brazil, Manchuria, Africa, or India (16). The supply f
from these sources was found to be not only uicertain but also insufficien%
to meet present and future predicted needs of the United States, insofar
as the oll obbained from this plant is used mainly as a raw material in
the manufacture of many items viﬁally needed in military and defense pro-
duction. The United States should have an adecuate znd continuous supoly
of castor beans from domestic sources If some contingency should arise
to prevent the importation of the present foreign supplies. Some impor-
tant uses of castor oil at the present time are: for the lubrication of
jeb airplane engines, formulation of all-purpose greases, hydraulic and
recoil flﬁids, and the basiec constituent of plastic coatings for electri-
cal equipment (22j. Other uses are: =as a plasticizer in the manfacture
of fabrics and explosivés (16}, artifical leather, soap, printing inks
and special low temperature lubricants and flexible coating materials.

Although this crop has been extensively grown 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 cash crop, especi-
ally in the Southwest, many questions are arising as to the type of soil
which is best suited for their_growth; and alss what fertilization, treat-
ments, if any, will give economically feasible fespénses wder varying

A



climatiec conditions which normally prevail in this extensive area.

It was the purpose of this investigation to lay the preliminary
Yeround=work" in which it is hoped that sufficlent information will
be gathered such that future field fertility work will have suificient
scigntific basis, not only to predict the behavior of castor plants
on nutrient deficient soils, bubt also to h&vg established definite
doficiency symptoms to act as "bench-marks” in evaluating their field
responses, if any, from fertilization.

It wes felt that these prelimlnery investipgatbions should include
various methods for deterwining the fertility status of the plaﬁﬁ, not
only in nutrient culture solutioms, bub also in pot cultures, using
normal Oklehoma solls. With the above points in mind the study of
castor bsans resolved itself into thres phases:

(1) The study of defieiency symptoms in nutrient

solution eultures under closely comtrolled
conditions in the greenfivuse.

(2) %he study of deficiency symptoms and btissue
testing im pot culdures using some normal
Oklahowa solls under similiar coubrolled

conditions in the greenhouse.

(8} The study of deficlency symptoms and tissue
testing under field conditions at various

r
locations within the state of Oklahownz.




Review of the Libterature

The castor plant has been grown for the oil content of its seed

il

for centuries, yet it wasn't until 1941 that the first recordsd ferti-
lizer trials were condueted in an effort Yo ascertain the potential
erop yileld under optinmum fertility levels. In that ysar, Dowmingo and
Crooks (7) in the employ of the United States Department of Agriculture
conducted a fleld fertility experiment in which castor beans were

used as the indicator crop, and varylng amounts of nitrogen, phosphorus
and pobassium fertilizer materials were applied in bands at planting
time. As & result of these studies, it was concluded by the investi-
gators that castor héans produced no significant response, as reflect-
ed in increased bean vields, to any fertilization progrem abitempied

in this experiment. In 1943, the same investigators conducted trisls
using two hundred pounds of a "4-12-8" fertilizer per acre and, in
addition, various combinatiouns snd amounts of the three plant nutrient
elements: nitrogen, phosphorus, and potassium. FPhosphorus proguced
an 8.5 per cent increase of bean ylelds on plots grown at Princeton,
Kentueky; whereas, unitrogen and potassiun had no effect on lucreasing
the yield of beans grown oa the sane plots.

In 1951, Quinby (18) coaducted a factorial fertilizer trial at
Chillicothe, Texas, on Miles sandy loam and found a significant diff-
erence in yleld due Lo nitrogen alone. Hulnby (13) steted: "The addi=-
tiow of thirty pounds of nitrogen at planting tlme resulted in an
increase of throe hundred and eighby six pounds of clean beans per
acre, and the addivion of sixmbty pounds of nitrogen per acre resulted

in an inerease of five hundred and forty two pounds of beans.”



In 1951, Van Horn (23) at Stillwater, Qklahoma, obtained & six—
teen per cent increase in bean yields with the use of fifty pounds
of ammeonium nitrate per acre and a thirty three per cent increase
with the use of one hundred pounds of ammonium nitrate. In addition
to these trials, hovever, Van Hova (24} ihe sawe year, conducted
other Tertilizer experiments at jtillwater, Oklohomna, and experiments
under irrigation at albus, and Blair, Oklahoma, in which guite diff-
erent rasulis were obtuined. TFifty, one hundred, ard one hundred and
fifby pounds of ammonium nitrate; one hundred dounds of smaephos; and
taree hundred pounds of a 5-10-5 fertilizer per acre were used at sacn
of these locations. Van Dorn found no &igﬁificamt increase in bean
vields were obtained, from the applied rates oif fertllizer at these

)

specific locabions.
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TATION

Aa  Fethods for the Induced Formation of Hutrient
LDeficiency Symptoms of Castor Dean Plants Under
Widely Varying Urowth Conditions: ’

1. Hutrient Solution Culiures in the lresnhouse

Castor bean plants were grown in a series of four-quart battery
Jars eountaining liquid autrient medias with verious desired and kunown
concentration of the essential nuirient elements; nitrogen, phosphorus,
potassium guesium, iron; mengawvsss, boron, zinc, copper, wolybedenum

and caelcium, Aereation was provided by the use of an air-compressor,

ower being supplied from a 1/6 horse power clectric motor. Air was

L]

.

supplied t the nutrient cultures at elphty minute intervals with the
intermediate rest period bsing controlled by msans of an automatic
glectric clocks Artificial lightiag was used %o give the plants a
long end constant day, of & fourteen hour duretion. White sodium=~
vapor florescent lamps were used to produce the artifical extended
day and these were comnected to a tlme clock which turned the lights
on before sunset and remained onn for an adjustod period of time, which
extended into the evening. Hutrient combinations and concentrations
woere used as suggested by Homglend (12). These solutions were pre=
pared as indicated im table 1 by use of the following stock solutions:

One normael solutions of s

(1) Potassium nitrate (Xu03z)

(2) Calcivom nitrate ga(“oo)z . 4 50
(3) Dihydrogen potasslum phosphate iHpPO4
(4) -#rgnesium qwlohnhe HgB0, o Hp0

(5; Potessiun carbonate Egsllz
(6
(7)
(8)

Caleium sulphate Ca S04

cnesium nitrate Mgloz

|e)

Dicaleium phosphate Cag(Hgk0s4)g



were proparad and used as basic stock solutions o supply the essential
slements to the nubrient cultures.

A minor slement solution wes prepafed by weighing out the Tollow=
ing amounts of the various minor element for the compounds which were

indicated to be needed for the growth of higher plants by Hoagland (12).

(1) Be grams of manganous choloride iall, » 4 EEO‘?

(2} 6411 grams of boric acid Hghlg 7 "

{5) 08 grams of zinc sulphate, 4uS0, ‘

(4; 06 grams of cupurle sulphate CUSO%> 5 HLO

(5 +06 grems of sodulm molybdate Nap MoQy » 2 Hg0
The above minor elemuuuu'werc then combined, brought into water

solution and diluted to one liter. This was then used as a basic stock
solution frowm which allgquots were taken to supply the required amounts

of the individuval slements.



Table 1 -

Stoek solution
T B0

L?‘ ;chﬂ
CGa (fi0g)244250

s

fi'\hgf’(;}_‘r_
4 SO/’ . HZO
Winor elewent

Stock Solution
COw
babOL
(2.-. Uh

Hinor elemant

Solution

KNO

ELZCO 3 .
H“;’ buh . ? .0
Minoy elemen%

Stock Solution
Hg K ‘{)ﬁ

751 (<,\m»pa«L ¥
2 (g ‘0!)0
SUL!‘ L] 7 O
Hinor elem.en

‘)L,QCM Solution
Ca fW‘“j
KHZ POL
Ca S(\z

inor ‘elemnent

) 2o Lilin0

Stock Solution
K%OB
Kﬂgﬁo
[}. :‘HQO
nor elenent

H

L.!v (“L-\

ik
’\
i

Ca % 103)5 o & o0

inus Wagpnesium

Preparation of The Six Hubtrient
Solutions in yhich Castor Plants
were (rowr in Qrder To Obtaln The
Deficiency Sympbons Under Closely
Gonbrolled Greenhouse Conditions.

Gomplete Solution

ConBentration

Winus MNitrogen Solution

¢ ¢ per liter
06 per liter
CC per liter
CC per liter
CC per liter

HNHP“

Concentration

inus Phosphorus Solubion

£o

ad

.J.L(Jf(‘%lt
L CC per 1lit

1 ¢C per liter
2 00 per 1it
1CC per 1

cneentration

Wnus Potassium Solution

L CC per liter
L GG per liter
1 CC per liter
1 CC por liter
1 ce Liter

per

Goncentration

3ulution

06 per liter
GO per liter

CC per ilter
00 per liter
G per liter

NH#F

td

Copcentration

Winus Caleium Solution

4 CC per liter
L 035 per liter
1 CC per liter
2 CG per liter
1 CC per liter

oncentration

g C0 per liter
1 €C per lite

2 0C per liter
1 00 per liter
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in castor plants, Iron wes
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aolebion

suloet-

water

ad (12) and otbors {10) hevs sug esbed

eulires,




The substitubi aecessary o malntaln neubtral solutions lack-

ing in only one nutrient element were as follows:

Winus Witrogen solution “2002 in place of K 104
-
a 50y, in place of Ca ?ﬂﬁﬂ)v

inus Phosphorus solutien Ko C04 in place of Kl xOA

¥

Minus Yagmesiun solulion Ca 50, in place of ﬁg»SOL

Hinus Potassium solulion i

Minus Jaleiun Mglils in place of Ca(li0y),

s

The solution cultures wera checked by means of a mixed indicator
amt were edjusved to a pi of .6 to 7.2 daily by acditions of sultable

i

guantities of bases or aciés.

lublons were chan e% weekly to
keep thelr concentration ag nesrly constant as possible.
Seed of the (ilmuaron varliety of cestor beans were planted and

seoainated in pore silica sand to obbain urcontaminated seedling castor

{(z,
&

plants. After germination bthe sesdlings were trahsplanted Lo two-guart

=}

rs and the lower portion of the plant stess were then wrapped

b inch havrdware cloti. The jars

heurs, after which

silled waber for the first forty-
the various levels of nutrients were added.
Two series of plant nubrient solution culturss were conducted.

riplicate. Fach pet was rotated weelly

[ty
O
t.L
=
J)
g._:.
z
=
4%
-
("
|._
g_J
o]
:):
C‘/‘
&
£
fds
=
g

in order to provide, as nearly as possivle, identleal 1ight conditlons
to the entirve plant and experiment. In the first series the plants

wore all riven a complebe uvbrient sclution combination from the moment

i transplarting and for the first thirly days aiber which tlse the
deficlent treatments were applicd. in the second series, the plants

were started in the deficient solutions from the moment they were trans-



planted from the silica saud to the nuitrient culture and this was
continued unto the completion of the experiment.

When the plants exhiibited abnormal external sympioms of growth
the visual symptoms were observed, recorded and photographed snd were
regarded as deficlency symptoms under these controlled conditions.
Afcer maturity amd/br death the plants were harvested as three components
(1) Sesd (2) Shoot and (3) Roots The dry weight of each compoment
was recorded. The germination percéntage of the produced seed was
obtained by planting the ssed in small flats containing acid~washed
sand which had optinum water and taﬁperature conditions nscessary to
produce pood germinating conditions. The shoot and root were tested for
total nitrogen, phosphorus and potessium.

Hitropgen was determined by the use of the modified Rjeldéhl
method (8)e

Total phosphorus was obtained by the ammonium-molyhdate-stannous
chloride method (11), The intensity of the produced blue color was
evalunted by means of an Evelyn colorimeter. Extracfion of the total
phosphorus was obtained by means of the Nitrie-percholoric scid, digestion
method (11).

Potash was extracted by the use of a 1:3 nitricw~perchloric acid

solution and the concentration was determined by means of a Perkins=

Blmer flame photomneters



11
2. 30il Pot Cultures in The (reenhouse

Three soils were selected for this study and these were obbained
from three specific areas in Oklahoma where castor beans were exten—
sively planted in 1952. It was thought desirable to select the types
of soil on which castor beans are normally grown and these three soils
were then typlecal of the major casbor bean production areas eceuring
in Oklahoma.

The scils were: (1) Parson's fine sandy loam, from Pittsburg
County near iMcAlester, Oklahoma, (2) Stidham fine sandy loam from
Payne County, near Paradise, Oklahoma and (3) Stidham loamy fine sand
near Perkins, Oklahcma in Payne Cownty. 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 organic matter,
only 16 pounds per acre of easily soluble phosphorus, as debtermined
by the method of Harperts (11), and 168 pounds per acre of avaiiable
potassiun as indicated by neubtral ammonium acetate extraction method
used in the soils laboratory at Cklahoma A & ¥ College (1), Total
calcium was found v0 be 4956 percent and total magnesium measuring
.8119 percent. This soil was moderately acid in reaction as determined
by the use of 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 caleium in this soil being .392 per cent.

The Mchlester soll (Parsons) contained 1.96 per cent organic matier,
<141 per cent total phosphorus and 98 pounds per acre of available
potassium and the soll reaction was moderately acid. The Parsons soil

was also found to be poorly drained as 1t possesses a dense clay pan



at about 13 inches Qf depth. air and water relationships are con=-
sidered to be wvery poor in this soil under field ceonditions.
The three soils used in this experiment were screened through
a four mesh sieve and welghed into two and one half gallon glazed pots.
Fach pot of the entire series contained twenty nounds of soil. Acid-
washed sand was placed in the bobtom of each pot to a depth of one
inch, and glass tubing was placed through the soil to the sand in
order that excessive applications of water could be removed if present.
Castor beans were planted and fertilized in June, 1952, The var-
ious series were replicated in triplicate with the exception of the
Parsons fine sandy lecam series which was replicated four times.
The fertilizer treatments for the soil pol cultures are listed
in table 2, which follows:
Table 2.
Rates of Applicatlon of iitrogen, Phosphorus
and PFotassium fertilizer Materials in Pounds

per acre to Parsons and Stidham Soil Waterial
in Greenhouse Pot Cultures.

Nitrogen Phosphorus Potassium
Treatment Ho. vounds/ acre los/ acre 1bs/acre
1 0 50 0
2 0 50 25
3 25 50 5
n 25 O 25
5 25 50 G
6 0 9] 25
7 25 O Q
& 0 0 0

13

The sources of the fertilizer elanents used were:

Hitrogen from fmumonium nitrate (33%M.)
Phosphorus from Super Phosphate{20% P,05)
Potassium from Muriaste of Potash{(&0n K20)

The fertilizers were apolied to the seoll in bands at a depbh of
approximately four inches with the seed being planted at a slightly

shallower depth.



13

At the beginning of the experiment each pot conbaining the
measured soil was weighed,tp obtain its specific dry weight. The
total welght of the pot plus wabter was delermined by first weighing
the pot plus the welght of soll, and Lhen the welght of water necessary
to bring the soil moisture up to seventy-five percent of field capacity
was added and included in this total weight to be considered as norma
following watering. At specific iutervals throughqut'the experiment
the original normal weight of each pot of soil was réétored by the
addition of distilled water. The plants required watering every two
to three days. Tach week the pots were rotated in such a mannaf as
to have all of them subjected to an nearly identical light conditions
as possible.

Bvery oot received an application of "jerotilt soil conditioner the
third month of the experiment in order to produce more favorable airp
and water relationshins.

As deficiency symptoms occured, the sympboas were studi@d‘and
recorded. The petioles of the older leaves were tested for nitrogen,
phosphorus and potassium as the symptons appeafed, in an effort to
correlate the deficiency symptoms with the amounts of the varibus

nutrients found in the plant.



3. Field Grown FPlants at Three Locations
In Oklahoma
Three soils were selected for the field studies, Parson fine
sandy loam, on the Jones farm near Heilester in Pittsburg County,
Oklahoma, Stidham loamy sand on the Schaffer farm near Perkins,
Payne County Oklahoma, and a ;ilTEr C;ay onn the Qlldahoma A & i
College Experimental farm, Lake Carl Blaclwell area, Payne County,

Oiclahoms .

o

In fertillty plots at HWeAlester and Perkins the fertilizer was
applied as a side dressing when the castor plants were approximately
one month old, The various combinations of nitrogen, phosphorub, and
potassium were applied abt the rate of twenty-five pounds per acre of
nitropen, fifty powids per acre of phosphorus and twenty-five pounds
per acre of potassluw. The fertilizer applications are indicated in.
table 3.

Table % - Rabtes of jpplication of Witrogen,

Phosphorus, and Potassium at the
Three ¥Field Locabions.

Treatment Wo. Bates of Application in Pound Per icre

I P K
1 0 50 O
2 0 50 25
3 25 50 25
A 25 Q 25
5 20 50 0
6 0 0 25
7 50 9] 0
8 0 0 )

The castor beans at McAlester and Perkins were of the Cimmaron
variety. The fertilizer was applied in bands about twe inches to the
side of and slightly below the seed.

At Ilake Rlaclwell the U.S. 74 variety of castor beans were planted
and fertilized at the same time in one continlcus operation. The ferti-

lizer was placed about two inches to one side and slightly below the
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RESULTS AkD BISCUSSIONS

L. Induced Deficlency Symptons of
Castor Bean Plants Qrown in Hutrient
Sclution Culturss Under Controlled
Greenhouse Conditions.

Iron Deficiency Symptons

icieney ovcured in

,,,l
&
(“r
ps
o
G

The first visible symptoma of a muiri

the castor plants grows in culture solutions which had received no

furbher apnolication of iren after the fifth day after

from silica sand to the 1liquid nutrient culiure.

The plants in series 4, which were started off in a compleve
sclutlon, exhibited simlliar sympboms the L1fth day afier iron was

excluded from thelr media; these plants were four weeks old and were

vt

growing in a complete solution, with iren beling supplied every three

days, when iron was bthen entirely omitted from the solution. These

{to

o

symptons were first exhibited in the form of a general chlorotic
sppearance of the newly emerging leaflets. These new leaflets were
very light in color, later turned yellow ithroughoub with only the mid-

een color. A few of 4“he

rib ond the leaf veins ret

terminal

1y older leaves became chlorotic shortly aftervards. The n
leaflets became 1lighter and lighter until they were alucst white, and
anpearad to be bleached of all green color. Finally, the newer leaf-
lets becans necrotic and died shertly after emergence. The chlorotic
leaves curved in a dowmward direction aopproximating an involution of
the leaf. Some cells of the older chlorotic leaves began to die show-

ing large necrotic {black) dead areas. The ircen deficient leaves viere

ize than normal leaves and were often rag:

o
5]

smaller i d in appsarance

because of the tearing of the necrotic intervelinal aress. The leaf



Figure 2.~ Iron deficiency in 4 month old castor bean plants
grown in nutrient culture solutions.
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Figure 3.~ Iron deficiency in 10 week old castor bean plants

nmﬂﬁﬁﬂmﬁomh:m
nutrient solution culture



margins alse had a tendsncy to smooth out. The lower leaves that
developed befors the symotoss appeared retained thelr rormel green

color, indicatinp that iron is not

wlocated within the plant.

i i L . D ey Tapens < 23 gy O S oy ey s o el o apeawrer  apwast esdad ot
The root gysteam, when iron mwes deflclent, retalned a very brignt, al-

most white annecarance.

In the second series of the nutrient culture experiment the castor

bean plants were transplanted directly from silica sand into the nubr-

ient solvtion and iren was excluded from the very noment of tronse—

nlanting. It was found, in this sexies, that the plants without iron
could not survive lorper than two weeks wriless thils essentlal metal
was added to the nutrient media. Deficlency symptons were also the
same as previously stated bubt of a more severe nature.
from the second series did not fora sced heads or atbempt to complets
their 1ife cycle and this was in grea@ part due to thelr reduced and

retarded growth.

ftitrogen Doficlency

The second sympbom to hecome visible was that of nitrogen deficiency.

This toc, was a rnlﬁrotiu condition of the leaves, out they differed

®

frou iron defielent plants in that the lower leaves were first to
become chlorotic.

Phe plants were one month old and were very actively growlog in
a complete nutrient sclution when three replicates were selected at
random %o be used for the nitrogen deficiency study. To these three
replicates all esseabtial elements were added periecdically to the com-
pletion of the experiment with the exception of nitrogen. wWithin one

.

week after tne elealnation of the 1 zen application to the cultures,

the following symptoms were obsgrved:




Figure 4.- Nitrogen deficiency in 4 month old castor bean plants
grown in nutrient culture selutions.
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+Figure 5.~ Nitrogen deficiency in 4 month old castor bean
plants grown in nutrient culture solutions.
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was retarded in the same ratio as the retardation of the shoot growbh.
Plarts of the sscond series which were deprived of nibrogen, from

conld only survive a few days, unless this element was

P

in about one mopbh afbter depriving castor besn plants, which were

actively growing in a complete solubion, of megnesium; a deficiency

became evident. HMagnesium bungry castor plants differ from plants

lacking in other essontial mibrients, in that they possessed thres

striking sympbtoms. AL first, bhe lower lesves lost thelr rowmal color
the tips and margins, and betwsen the velns. The color varied from

o bed yellow. The velns and ihe tissue clese to

them tended to retain the nomsal color long afier Lthe rest of the leaf
had lost preciically ail of its green pigment. These leaves faded after

a period, dried up and feil off vhe plant. The same plant may snow

s

5 very striling uniform mottling of the termiual leaves which consists

o

of a yellow oy whibe stiip bebween Lhe veins. These strips later be-

V
voecane larger and the leaves lost this beautiful moltling elfect.

P

;o8 bhe necroesis of

A pe mde B o v eyt Eam S TR T ~ry
AE.-,UL-_}LU:.:,T SYROLOIL Ch M ELOS LU

RO T S .
vhis leadf necrosis

A} 3 ~ o y Yer e PRI 3 e
This scorcicd area is

R I I e ey ey e v Az 3 A i
A1ilC & upBarariCe wiILih

be prevelant. IV appears from

bemperciuved bhe latler sympton
thesa Liorves symploms, as 16 magoesius plays an luporiaut role in the

ation of echlorephyll, over and abvove, its being a constituent of

the Chl‘lOp v11 molaocule,
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Figure 8.~ Magnesium deficiency in 10 week old castor bean
plants as compared with plants grown in a com-
plete nutrient solution culture.
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As phosphorus deficiency became acute, the plant assumsd a
spindly appearance with leaves remaining only at the top, and
these leaves finally took on a bronze appearance and sloughed
off. The maturity date of the plant wasn't affected, very
markedly, by low phosphorus levels, but the production of seed
was almost nil.

aleiun Deficliency Symotoms

After depriving the castor bean plants ¢f calcium, there was
no immediate ill effects, but after approximstely four weeks the

roots became dull in appearance and fipmally turned black. Visual
above ground portions of the plant, soon follewsd, with their
deficient symptoms. Small leslon~like dots appeared on all the
leaves, petioles became weak, bent dovnward and broke, later re-
sulting in the collapse of the enbire petiole. The collapse of
the main stem occurred mainly on bhe younger plants. After the
deficiency became very critical, the entire cell wall collapsed,
especially near the temminal bud. The roots and shoot both died
deconposed. It took only a few days after the first symptoms
appearad until the entire plant was dead. N
In the experiment previously described, calcium was supplied

after the terminal bud disintegrated, bubt before the entire cell

had collasped and a new growlng tip appeared ab the highest living

node and the plants grew normally to maburiby, and produced an

excellent seed crop on a complete nubrient media.

33



Figurs 12.- Calcium deficiency in 3 month old castor bean
plants grown in rmutrient solution cultures.
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Figure 1.~ Potassium deficiency in 4 month old castor bean
plants grown in nutrient culture solutions.
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Figure 15.- Potassium deficiency in 3 month castor bean

plants as compared with plants grown in -
complete nutrient solutien cultures.
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Pable 4.-Growth and seed production of castor bean plants deficient in Nitrogen, Phosphorus,
potassium, and Magnesium a® compared to plants grown in a complete nutrient solution
in Series A¥# nutrient culture experiment.

Total dry welght of the Total dry weight of the ;Total dry weight of the

: Treatment : root system in grams. ; ghoots in grams. :8eed in grams :
: ; Repe 1.; Reps 2.5 Rep. 3 ; Rep., 1.; Rep. 2.; Rep. 3.;Hep. 1.; Rep.2.; Rep. 3. ¢
:Complete Solutlon:s TE.00 i 79.90 3 67:60 & 142.80 1+ 168.70 3 T3.40 :90.5¢ 1 8850 3 47 :40 :
‘iinus Phosphoruss 5 1Je/9 4+ 3L.50 ; 20,80 i 30,00 3 3060 3 24:10 133.00 : 43:00 3 2470 :
:Minua Nitrogen; : 10.47 :~§5-50 : 2l .50 : 20,80 : 50,70 : -- : 100 ; 8,0 ; - :
:Minus Potassium; z 5200 : 31.50 : 53.50 : 40.60 : 58.00 : 53.10 :21-70 : 12-50‘: - :
‘Mimus Vagnesiumi 20,70 3 20.30 1 == 1 10.60 3 10.90 1 == 10.0 + 0.0 1 0.0 s

H S
Las S e ERR T IR
o O N T N . AL L, e L

ot

veoa cove
- =R R e KA H BN
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Table 5.=-Growth and seed production of castor bean plants deficient in Mltrogen, Phosphorus, Potassium,
and Iron as compared to plants grown in a compleve nutrient solution in Series B¥* nutrient
culture experiment.

. T Oven dry weight of the — Tobal weight of the Total volght of the .
¢+ Treatment ;_root gystem in grams. shoot in grams. seed ia grams. :
: 2 Boo. 10; RGQ. 2.: Rep. 3; . Rep. 1.} R&p. 2-1 qu 3-; Rt:p. l-{ Rep. 2-1 Rep. L;
t : t : $ : : : 3 t
sCompletei Solution; ¢9.00 . 57.00 ;3 = = : 50,00 ¢+ 60,00 . 64.00 o0 2 44,00 &+ 50.00

t : $ : t t 3 s : 'y

:Minus Phosphorus: . .00 ; 10.00 . 10.00 : 6,00 : 4.00 : Q.00 ;: S0 3 000 3 0.00

H : H : H H H H H 13 '
sMinus Nitrogen: 3 23,00 ; 20,00 ; 11.00° : 21.00 ; 5.00 ¢ 3,00 ; V.00 ¢ 0,00 3 0.00

: : : H s B t t : s

tﬂiﬂuﬂ Potassiumg it s 14 L0 H _3)000 $ 26 .00 : - 33-00 H 16 Q0 $ 10.00 $ lf'.; L0 1 E 7.00 1 0.00

t : : : : : : t o : '
sMinus Iron: t 50400 3 = - P = - 8 800 3 w = 3 = 3 U.00 ¢ 000 ¢ 0.00

t ki 3 H 3 3 2 3 1 8 3

S 89 se ws S S0 WE o9 R S5 ¥

#3eries B. =flants siarted iuediately in deficient solutions - enough of the deiicient element
frequently applied to maintain life.

“#In this series only the completve and minus potassium solutions produced seci.
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Table 6, -Chemical analysis of castor bean plants defieient in Nitrogen, Phosphorus, Potassium
and Magnesium as compared with plante grown in a complete nutrient sclution in Series
A% nutrient culture experiment.

: Composition of the roots Composition of the shoots :

Treatment ! “perecent! percent ¢ percent : percent _ percs:d : percent :

: nitroged phosphorus: potassium . nitrogen; phos;hom: potagsium 3

Complete Solution: * z.su.osi 0.4960 + 0.0610 1.0480 . 0.150 ;00960 :
Gomplete Solutions 24609 : 0.0160 0.1310 : 2.4130 ‘ 0,200 0.0870 :
Compléte Solution: ' 7.8350% 00640 : 0.1190 : 1.1300 . 0,200 ?ro.y,zo :
¥inus Potassium: ﬁ ZLBZI;OE 00,0800 : 0.0150 : 0.2362 i 0.28% f 5.0140 :
Minus Potassium: A Aypi 0,0600 : 0.0200 : 3.2350 041y ‘ 0.0150 :
Kinus Potassium , 2’.1,6}0: - - : 0.0150 : - - L 0.200 ‘ 00110 :
¥inus Phosphorus: | 2246507 04020 * 0.0570 ; 01440 i:_o.f:;; ) 90800 :
{inus Phosphoruss 4 _;2%.3930:'0.0% E 0.0380 f 0.3080 i 0,020 ;o._;gz_g ;
Minus Phosphorus: | 259707 0,020 £ 0:0330 : 0.2670 ; 0006 10,0940 :
Minus Magnesium: L 3.;1303 0,016 :_0.0770 : 12,2220 0.188 - ;0‘;;769 :
Minus Magnesium; “,r ,3.9_;300: 0.092 w: 0.0780 : - f - _: - x
Minus Nitrogen 3.9590: 0.100 ; 0.,0990 : 0.3492 : 0,200 10,0220 ‘
Minus Nitrogen: ’ 1.2220?0.030,_ :0.0759 t 1.0580 j 0.260 :o.y;zo ;
Minus Nitrogen: f 0,9040° - - ' 00460 : ‘ 1.2020 ! 04260 041340 !

* Plants grown in a complete solutlon for one month before being placed in the deficient solutions
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B. Chemical Analysis of the Harvested
Plant Material Produced in Qontrolled
Nutrient Solution Cultures.

The results of chemical analysis for aitrogen, phosphorus,
and potassium which 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 soluticn, that particular element was low in both the shoot and roots
of the glants as compared to the plants receiving s complete ratilon.

As a result of the study, 1t was found that there were also various
ionic interrelationships present in the nutrient culiure sclutions, in
addition to deficiency symploms in themselves. These relatlonships
appeared ouite interesting and were sufficiently striking, that aun
atbempt will be made Ho evaluale these, ilu the followlng paragraphs.

The series 4, which received no maguesium conbtained higher amounts
of nitrogen than the ones growing in a complete solution. In series
B plants, the plants growing in potassiua deficlent solutions contained
a much higher nitrogen and phosphorus content in the shoots than plants
growing in a complebe solubion.

.

It also appears that in the series 4 plante, the nitrogen content
of the root was higher in most cases than in the shoot, yebt therc'
seems Lo be no correlation in this respect with reference Lo phosphorus
and potassium.

The plants were 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 1t is



it
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$+ Induced Deficlency Symptoms of Castor
Plants Grown in Soils Pots Qontaining
Three Different Oklahoma Scvils.

Deficiency symptoms were definitely produced in the greenhouse,

& oA

in pots filled with Parson fine sandy loam, Stidham loamy sand and
Stidham sandy loam, and receiving the various fertilizer treatments
as indicated by table 2.
The most comumon sympbtom produced in these soll pots was that of
reduced growbh. The plants grown in pols receiving no fertilizer,
in all cases, were very greatly roduced in growth, however, no de-

finite deficiency sympbtoms appeared on the leaves of these planis, ex-

cept in the case of the Stidham sandy loam pots, which produced symp-
toms siailiar to the altrogen deficiency symphoms produced, in the
nutrient solution eultures. The syaptoms were, however, slower to
appear and the effects were not as severc as in the nutrient solution
cultures. The lower leaves drooped in a downward direction followed
by the lower leaves taking on a light pale green appearance, which
soon became completely yellow and finally sloughed cff. In all three
series the plants nob receiving nitrogen turned a bright red at the
hase of the stalk. All soils produced nitrogen deficlency, wmhen the
pot was not ferbllized with nitrogen.

Symptoms similiar to outaSSJum deficiency were noted on the plants
of Parsons fine sandy loam pots, which did not receive potassium ferti-
lizer. These symptoms were identical to those produced in potassium

4

free solutions, in the nutrient soluticn cultures., Potassium deficleney

5o 3.

sympbons appeared also in the pots filled with Stidbam sandy loam, which

received {ifty pounds of nitrogen and fifby pounds of phosphorus per

(D
ot
o
j&

scre. Potassium deficiency was pot nobed dn the pots f£illed with Stidham

loamy sand.



Phosphorus defieciency symptoms were observed on plants groun
on all three soil types where the pols were fertilized with nitrogen
alone or nitrogen and potassium. The internode of these plants were
elongated and bthe plants were taller than normal. The leaves were
light in celor with "splotches?® of dark green cclor remainidg.

Some leaf discolorations were noticed on the plants in which the
soil received potassive alones It was thought that this discoleration
might be a compound deficlency of both phosphorus and nibtrogen. Usuaslly
tmyhﬂfbmmmzﬁﬁhm,@naneMﬂNBhmfiﬁm,wﬁxheﬁmm%ddmm
the leaf toward the petiole wntil the leal would finelly €£211. This

discoloraticn contained characteristics of both nitropen and phosphorus



De Inducad Deflelency Syootoms of Castor
Plants Crovn on Fleld Plots at Threea
Location in Oklahoma.

The field plots which were located at three different localities
in Oklahoma and which were fertilized with the various comblnations
of nitrogen, phosphorus, and potassium, as indicated in table 3, did
not at any time bthroughout the experiment possess deficiency syaptoms
gimiliar to those produced in tine nutrient solution cultures for
nitrogen, »hosphorus, and potassium. There vwere, lowever, some response
te the fertlilizer applications of these macro-elements. Harly in the
growing season the lncreased growth due to fertillzation was great 3ﬁt
as the season progressed bhese differences dissipated. This loss of
differences may have been due to the 1952 growing season,yhich was
exbremely dry at sach locality; rainfall heinz far below normal bthrough-
cut the state.

At the lcAlester location a discclorastion of the leaves sppeared on
all plots irrespective of fertilizer btreabment. This abnormal appearance
was very similiar to that ldentified as magn-sium deficliency from the
nubrient solution culture study. Iunsofar, as the field plots did nob
contain magnesium fertilization treatments,the writer could only offer
a theory as to a magnesiun deficlency being present, bub it is felt

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

as one of the applied fertility eleaments.
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ab Three Locations

The results of the tissue tests, ou the plants produced on soil
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seratures and lwt southwesbterly winds during July and dugust,

of high

and those conditions resulted in resduced serth, and lowered wields

for ths eatire castor bean crop throughout the state. As a result

ant growth, 1T was felt
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plant material was produced, such thot the diluting effects in the
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VI Swamary and Conclusions

As  Deficlency Symptoms

Plents, although lacking the power to speak, have a means of
telling us when their nutrieat wedia i§ 1acking in propar nourish-
mwm,bm;mmthm?m:uéygoaMmﬁlﬁmh%smimmvwmnthewe
suffering Irom the lack of certaln essential elcuents? The plants
in themselves do not speak but can tell of thelr diffieulties in the
production of certain visusl abnorimalites in their leaf and sten
color, and growth hablb s, which we call "hunger-signst, Itkis not
their fault that we do nob always interpreﬁ these symptcoms correctly.
At times, it is very difficull to inberpret correctly bhe symptons

2

of plant food deficicencies in the Ifield

due o the many eavipromznbtal

2

factors, which are slso comsbtantly affecting tne plants. Prolonged
2 o] J
pericds of adverse weathsr, insects, and discases nay cause symphbomns
very similiazr to plant food deficiencies (13), bub when there is a
guestion concerning these deficlencies, chemical tissue test can be
made for nitrogen, phesphate, and potash, the three elements most

likely to be deficient and the corrzlation if any, can be used as

o

4 -

aptoms and bests can then be used as a gu

[N
[«

ertilizer applications needed.

Fach specie of plants nossess somewbat different “aunger

nnder the same enviromental conditions. It 1s therefore necessgry

be study each nlant in question under snecifically contrelled cone
& 1 .

+

o S

ditions. “herefore, cashbor bhesns were grous in nubrient solutlon

culbtures under condrelled conditiors in bhe preenhouse, ln s sfforg

i
('u
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to obtain deficiency symptoms when each specific element was lacking
from the nubrient media. Symptoms were obtained when nitrogen, phos—
phorus, potassiwa, iron, calciumn, aod magnesium were not supplied

to the nubrient media in adequate amounis.

Deficiency swmptoms for nidrogen, phosphoris, and potassiun were
also obtalned on planbs growing in soill pots f£illed with soile low

- Y

in fertility. Three soils were fertilized with the various combinstlions
of nitrogen, phwsphorus, sad pobassiun as indicated by table (2). The

goils fertilized with two elements abt the rates indicated in table (3),

and the thiird Being omaitted, almest invariably preduced plants possess—

4

et whiecli in mest cases viers very similiar to those pro-
duced in the nutrient sclution culiuies.

Soils low In fertility were fertilized with the same combinations
of fertilisers as vsed in the soil pob culbtires at three locations
in Oklahome. These golls were: Stidham losmy sand in Payne County,
Oklahoma; Stidhem sandy loam in Payne Qounty, Oklahomay ond Parson sandy
loam found in Pittsburg Covnty, (klahomo, These were soils on which
castor beans are frecuently grown in each specifiec Jocalivy. There

L

were no visval chlerotic conditions develoosd on any of the plants

phorus, or »notasslum deficiency syrpboms oroduced in the grecobouse
However, at the Ucilestoer plots, a enloretic con o developed on
the leaves of the castor placte whieh wes very similior bo Lhe magnesium

deficiency produced in the putrient culbture experinent.

The deficlency sympbons produced in this investigotion were very

et
striking and it is believed tHhat the symptoms as reperted will become

a valuable diagnostic techunique in determining the nutriticnal statbus

of castor beans growing under field conditions.



It must be pointed out, however, that these “hunger-signs' are
merely another tool which may help us in accomplishing our work and
in determining the correct management practices to follow. They by
themselves are never conclusive because, as stated earlier, many
factors such as adverse weather, insecis, and discases may cause
symptons wery 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.

If we proceed with caution and understand the limitations inherent
in any evaluabion of the fertility status of soils with the aid of
these "hunger-signs', they can be a very valuable assel not only to

the trained agrouomdst bubt to the farmer as well.
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Be Tissue Tests

As previously stated, "deficiency-symptoms" alone are not cone
clusive encugh in most cases to be uvsed erntirely alone. 1% was there=
fore felt thet if we could establish by use of tissue tests when
nitrogen, phosphorus, and potassium were becoming limited in the castor
plant, that these two technlques used together mipght be inersasiugly
useful, The procedure involved in making tilssue bests is in itselfl
simples. Selection of the tissue to be tested in various plants and
the interpretation of the analysis are very complex.

The petioles from the ecastor besan plants from each treatmsnt of
both the soll pots and the field plots were collected and tested {or
nitrates, phosvhates, and potash. The tests we ade by use of the
Ladotve-liorgan, Laliotte-Troug soil testing kit. i rates were also best-
ed by Gray's powder method. The lower petioles wore obtained for
testing and the pebioles were always gathered at the same time of day,.
411 were selected at 9:00 A.il. oxcept those at the McAlester location
which were sampled at noon.

The number of tissue hests made in this experiment were by far

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

"O

3

stabtus of the castor bean plant found by the tissues test can be
accurately corrcelated, not only with the emount available nitrates
in the soil, but also with nitrogen deficleney symptoms.

Unfor tunately, for phosphorus and potasslum it is not as sasy.

Althouzh more work 1is needed in order to esteblish definite con-

IS
t

£

&

clusions, the author believes that phosphate status of the plant
can definitely be established. If a substantial emount of phosghorus

was found in the top leaf and much less in the lower leaf, phosphorus



deficiency symptoms usually occured shortly afterwards. It appears
bhat perhaps the plant beglns to btranslocate phosphates from the
older leawves to the newer terminal leaves when the supply is insuifi-
cient for terminal preductlion,

rics the plant is a dynamic gysten growing in a dynamie soil

}.b

gystem and subject to obher ecologleal influences, meny factors will
influence the level of the scluble or unassimliated nutrients in a
given plant abt any given time. Some of the most important factors to
consider are: general health and growing condition of the plant; level
of other nutrients in the plant; occurance of insect damage or disease;
climatic conditions at the time of testing, and the time of day at
which tests are made. As stated by Krantz eb. al.(27), "the plant
diagnosticlan must be well acquainbted with the physiclogy of the plant
if he is to make most cffective unse of plant-tissue tests.®

Tt is believed that tissue tests as a supplement to thunger-signst
and other dlagnostic technloues can be very valuable as & practlcal
method for determining the nubtritive status of the casitor bean plant.

The data presented in this paper represents the resulits obtalned
from one years study only, therefore, no definite conclusions can be
stated, It is recommended that these investigations be vontinued,

especially the work on tissue testing for phosphorus and potassiwa of

wich the first years results are definitely inconclusive.
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