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I INTRODUCTION 

Cotton is one of the most important crops in Oklahoma's agricul­

tural economy. Cotton occupies only an average of' 8.5 percent of the

total cropped area in Oklahoma, but it accounts for approximately 20 

percent of the total income from .crops harvested. During the five 
I. ' 

·: 

year period 195-0 to 1955� the average annual income from cotton.lint 

WS.1$ 57,687,667 dollars while cotton seed accounted for an additional 

9�067 ,oab dollars (1) . 1 In addition; considerable income �s derived 

from harvesting, ginning, and processing of' oils, plus supplies and 

machinery used in growing potton. Primarily due to acreage allotments 

the area planted to cotton- is on the decline, while the average cotton 

yields are increasing. 

The yield and composition of plants have always been oi' prime im­

por�nce to agronomists •... For .. � .n'Qlllb�r of' years, ·o:c.l.y ten. �emical ele­

ments were considered tc; r be· e.E!.s&ritia.J.. for the norm.al growth pf pl.ants, 
.· ' '· \• 

b11,t qontinued rese·ar_ch: �ncA ,mpre precise methods of' inv�stigation have 

e,nlarged the list to some fifteen plant food nutrients. Although con-
.. •,_.,. � ·,. -� .,,. .. ·' ' 

side:table knowledge has beei accumulated by previous investigations 

concerning the fun.ctions. of·. t4e' 'esse:ntial elements in plant growth, 

there are a number of nuirients which have not been assigned a def inite 

role 'in the nutrition of' the cotton planto 

lFigures in parenthesis refer to Literature Cited. 

1 
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In recent years several investigators (32, 34, 31, 46, 48) have 

shown that there is a definite need for more research on the 11so-called 11 

minor elements. Most soils contain an adequate total supply of the mi­

nor piant food nutrients for satisfactor,v crop production. However,9 

poor physical conditions of the soil., adverse climatic conditions., an4 

improper use of fertilizers or soil amendments may depress the availa-

bility of these minor elements until crop ·yields are seriously decreased. 

Within the past few years the need for minor plant food nutrient re­

search has been pointed out in several areas of the United States. Re­

cently, chlorotio conditions have developed on cot,ton., grain sorghums, 

and honey locust in some sections of Oklahoma. These chlorotic condi­

tions have been. attributed to deficiencies of iro� and/or manganese. 

One of the objectives of this study was to try to detennine· the best 

means of correcting this chlorosis. In a greenhouse pot experiment var­

ious chemical trea tments (including iron and mang�nese applied in different 

forms and by different methods) and a physical treatment of an artificial 
I. 

compacted layer were used. Secondly,9 nutrient so:j.ution·.cultures were 

conducted to observe and .recd:t•d some of the symptOJTl.S of cotton caused by 

a, .lack of certain essential plant f oed nutrients. 



II REVIEW OF LITERATURE 

General Physiology of the Cotton Plant 

Cotton is classified as a perennial plant; however., under the envi­

ronmental conditions of ·the cotton belt :in the United States it grows as 

an a.nnuai. In the tropics., some species called t1tree cottons 11 (12) at­

tain heights or 1.5' to 20 .f'eet, while :in the United States cotton grows 

as a soft stem shrub with many branches and varies :in height from about 

2 to 6 feet. The cotton p;I.a.nt is unique with its indeterminate growth 

habit, dimorphism of branches, and characteristic shedding o.f' small 

floral buds and bolls ( 23). The branches of a cotton plant arise from 

the main stem ·and ar-e arranged in an alternate pattern with leaves pro-

dueed. :in a three-eights spiral... Each leaf has two buds or rudiments of

buds · produced in its axil. . If the true axillary bud devel,ops O a vege­

tative branch is fonned and if the extra-axillary or late:ra.l .bud (loeated 

on either side of the true axillary bud) develops, a fruiting branch will 

be im.itiated. The proporti@n of vegetative and fruiting branches formed 

by the American upland cottons depends upon the environmental conditions. 

The vegetative branches are structurally simi:lar to the main stem o.f the 

plant and may also produee, f'ruit:ipg branches •.. Jlegetative branches are

usually for.med at the lower six to nine main stalk nodes while fruiting 

· branehes occur i:J,t sueeessivezy higher nodes. The .American upland cottons
� . 

. 

are considered to b.e d.ai-length neutral.; however, during cool., long days

they will react as short-day cottons ·and produce only vegetative branches.

3 



Iron 
·-

Functions of Iron in Plant Nutrition 

Iron has been recognize_d.as an essential element for proper nut-

rition for bqth plants and animals for many yearsi 0 Altho�h the exact 

function of · :j.ron in plants has not peen clearly defined in many ea,ses, 

it is generally accepted that iron :ts necessary for the formation of 

4 

chlorophyll and in oxidation.-redu:ction systems associated with respira­

tion. De Turk ( 21) repor+.,ed that some research has indicated that iron 

may function in the production of a pa.rt of the chlorophyll molecule, 

namely the pyrrole ring. According to Sideris ( 68) :, iron is probably 

linked With a protein Which Sel:"'cTeS as an activator of other proteins 

associatea.-with the fonnation of chlorophyll. Iron plays an important 

part in photosynthesis and is a constituent of several enzymes. Iron 

is needed in the formation of iron-po:r.phyrin prosthetic groups for 

several enzyµies; namely, c?talases, cytochromes and cytoch:rome-oxidases. 

Factors Affecting the Availability of Iron in Soils 

Most so:il.s are not deficient in total iron, but variations :in plant 

feeding power and availability of µ-on can cause deficiencies to o·ccu:r. 

Irou oxides, which are largely responsible for the reddish color of' many 

soils are the main sources of iron :in soils (81). Most of these naturally 

occurring iron compounds a.re·· quite insoluble. The ferrous f oms of iron 

are more soluble than the ferric £01"IDS, but the ferrous ions a:re unstable 

in soils with pH values above 6.o. In soils which have favorable drain= 

age and aerationp relatively insoluble ferric compounds tend to p:redom= 

inatee In acid, water-logged and poorly aerated soils the mo.re soluble 



ferrous compounds are formed (42). However, these conditions maY, be 

modified or completely changed by the activity of soil microorganisms, 

organic matter content, or the presence of other ions. 

Truog (78) and Olson (57) believed that soil reaction is one of 

the most :important factors in controlling the availability of iron. In 

general, a pH of 6.5 to 7.0 seems to be most optimum for all �utrients. 

At a pH of 6.5 iron exists in the ferrous state and is available for 

plant use. The availability of iron for plant root absorptiop increases 

with acidity (81). Olson (57) concluded that the availability of iron 

was not only dependent upon the soil reaction., but also upon the quantity 

of iron oxides present. Gile and Carrero (29) stated that the availa­

bility of iron is related to the presence of carbonate of lime in the 

soil, while Bohrt and Hughes ( 8) found chlorotic plants on acid soils 

and attributed this condition to a combination of manganese ., magnesium 

and iron deficiency. Th�,pij.of '.t;he plant sap has a definite bearing upon· 

the soluble iron content of plants. Plants containing sap 'With a higl'i pH 
·: .·.:,S)_, 

- ' 

yalue were low in soluble iron, "While those with � low pH value of _the 

sap were very high in soJ.ubl� iro.n (36, 63). 

; t:;various plant food :o.11trients are related to the q1.bsorption and ut.ili­

z��:i-?n of iron by plants� :'Wallace (Bt) found that soil additions of ohos­

pfiates caused a decrease,. cii. i':the a,vailab:i,J.ity of iron to pl�t.M� ·;Cp.a.pman 

et al. (18) found that �'.itMss ·:5b.o�phate in an alkaline medium for sand 

cu.lt,µres caused d.efic.ianc.:ilf3s of i:ron which could be corrected by either 
'• �-; '·, ,,,.,,.:. 

i6.JiJ�ing the pH or decreasi.D.g tlte· phosphate levelo In contrast with theE;Je 

findings, Speirs et al. '(73) reported no signri.ficam.t effect from the addi­

tions of treble superph,osphate bn the iron content of turnip gr•eens. Ghlo­

:i:'osis of plants grown on. 'highly calcareous so:µ.s or soils which have been 
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over-limed is referred to as "lim.e-induced11 iron chlorosis. It was be-

lieved that the high pH of these soils caused a reduction in the avail­

ability of iron. McGeorge (47) concluded that on these calcareous type 

soils the excessive ca;Lcium. in chlorotic barley seedlings caused an in-

activation of iron in the plant. Leeper (42) reported that the change 

in metabolic activity of the plan,ts grown on calcareous soils was the

cause of iron chlorosis. In agreement with this view, lljin (35) stated 

that a lack of iron, as such, was, not the cause of l:i.me-induced chlorosis, 

but that the metabolism. of the plant was so disturbed that improper uti-

lization of iron occurred. He also believed that all plant processes 

were affected and not just those associated with chlorophyll fonnation. 

Swan.back (76) :found that high concentrations of calcium would decrease 

the translocation of iron 1n·the plant. In contrast with these views, 

Speirs et al., (73) concladed ·that there was no correlation between. iron 

and calcium content of turnip greens on experiments conducted at 19 

locations ill the southeastern section of the United States. Hewitt (.32) 

noted that iron def'icieneies may be :induced by excess copper., zinc, man ... 

ganese and several other heavy metals. Chapman et al. (li) also found 

that an excess supply of c0pper a,nd zinc may cause an induced iron ehlo-

rosis. They stated that copper �ecreased the availability of iron and 

possibly the availability ?f manganese on acid peat soils. This effect

might be favorable depending upon: the degree of oxidation as well as the 

irop_manganese contents of these soils • 
. , .i: .. ,; 

Halvorson (30) pointe� out the complexities involved in the availa­

bility of iron. He reported that the solution and precipitation of iron 

in nature are affected by equilibrium condit,ions wl').ich dt:i!pend on o:xygen 

tensib,n
., 

carbon dioxide tension
., 

ac:i.dity and the p:resenc� of organic 
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compounds. These equilibrium conditions also could be changed consider-

ably by bacterial activity-. Even, under anaerobic conditions which favor 

the availability of iron, a decrease in solubility of iron may oecur due 

to the formation of ferrous carbonate or, as Chapman (17) suggested, by 

the development of an i.Dsoluble carbonate coating on the iron particle. 

Several investigators (lh, 24, 29 1 30, 38, 40) have noted a relation-

ship between soil moisture levels and iron deficiencies. The availabil­

ity o:f iron om calcareous soils appeared to be slightly greater near the 

opt:mum water content thari_ at higher soil moisture levels (29). At high 

soil water percentages, a chlorosis of plants was noted. However, rice 

plants, which are known t� be hydrophytes, did not show a chlorosis when 

the soil was submerged in water. Gile and Carrero (29) believed that 

the rice plants developed a new kind of root which could ass:imilate iron 

better than a root formed :m a soil of lower water content. Lawton (40) 

· found that compaction of the soil and maintenance of high soil moisture

levels :mcrease?,, the extractable ferrous iron and decreased the amount

of ferric iron. High moisture levels in soils tend to favor anaerobic

conditions which cause the reduction of iron to the soluble ferr<r>us

state. Speirs et al. (73) conclutled that there was no correlation be­

tween .rainfall and iron qon�nt of turnip greens. However, .they stated

that irrigatiol;l. during �relative;:t.y dry season caused an :l:1crea�e in

iron content of the plants.
·, _ _,.! ' 

Jones and Tio (38) ,in the:i.l' .. stu.dies concern:ing 11frenclling11 (a dis­

ease attributep. to iron deficiency) of tobbaco found that there was a 

:r�iitionship b'3tween available iron, the activities of soil organisms 

and temperatu!'f;l. Tq.e iron_ coritent of plants was. higher on soils whiC,h

had lower soil temperatures�· They believed that the higher ·temperatures 
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sttnulated soil organisms which ccmld compete more readitY £or ·the sol-. 

uble iron than the tobacco plants. Lohnis (44) reported that exception-

ally hot periods could cause the occurrence of iron defi�iencies. There 

ha� been very little work done on the effect of temperat¥re on iron defi� 

ciencies, but it is entirely possible that temperature stresses could 

cause variati<:ms in the upt�k� of iron due to reduced plant growth, al� 

tered soil organism activity or changes in the physical conditions of the 

soil. 

. . 

Sources of' Iron i:or Plants 

According to DeTurk (21) the amount of iron needed by plants is 

very small and can be taken up both in the ferrous and fe+ric forms. 

Kilman (39) believed th�t ipon i� taken up as the reduced diyalent form 

and then only when it exists in the cationic state. He found that iron 

existed in both cationic and anionic states in soils, but under alkaline 

conditions the cationic forms were precipitated and became uµavailable 

for plant use. Therefor�, the add,itions of iron compounds beqame neces­

sary .on alkaline soils. 

c Various methods and. materials have been used to alleviate or prevent

iron chlorosis of plant�. ]?urke (J.$) reported that injections of ferrous 

sulfate salts into the trunks of .chlorotic fruit trees 11rould c.or.rect iron 

cblorosis, while spray an.d soil applications of fel"rous sulfate were not 

effective. These irort_s.alt injections could be either diJ,µte s9lutions 
'" 

or solid salts o Chapman (17) stated that finely ground magnetite could 

be used as a $Uccessfi.ll source of iron in sand cultures while Gile and 

Carrero (29) ¢oncluded that ferrous sulfate, ferric citrate and ferric 

tartrate were satisfactory sources of iron for plants grown in nutrient 
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solutions. Wallace (81') found that iron chlorosis could be corrected 
i 

with ferrous sulfate as foilage sprays and by injections of iron com-

pounds into the plant stem. 

Since the work of Jacobson (37) mucl:{ interest has been aroused in 
y � 

the use of organic chelate iron eGlllplexes as a source of iron for plant 

growth. Chelating agents are organic compounds which combine with metals 

to fonn a ring structure and hold the metals in a usable form for plants 

(3., 75). In recent years, various :investigators (37, 74., 791 80) have 

reported the successful use of iron chelates of ethylenediaminetetra� 

acetic acid (EDTA), N-Hydroxyethylethylenediaminetriacetic acid (HEEDTA), 

and diethylenetriaminepentaacetic acid (DTPA) in ameliorating or prevent­

ing the occurrence of iron ehlorosis. Jacobson (37) found that 5 to 10 

p.p.m. of 'iron as EDTA was adequate for the prevention of chlorosis in

corn, tomato, barley and sllUflowers grown in nutrient cultures. Wallace 

et al. (80) ijta ted that HEEDTA and DTPA were more effective than EDTA in 
!, • 

eliminating iron chlorosis on high lime soils. Holmes and Brown (34) in 

their stu� of the effect of five chelates on ehlorotic soybeans grown 

on calcareous soils,. reported that. DTP.A would correct iron ehlorosis 

when applied at the rate of approximately 250 pounds per acre. However., 

EDTA, HEEDTA, and cylcohexanediaminetetraacetic acid (CDTA) did not cu.re. 

chlorosis of soybeans. Aithlou&h all the chelates used m their experi­

ment did not alleviate chlol'Qsis on soybeans ., they tended to make soil 

iron more available f'or pl�ts. Wallace et al. ( 79) noted that the iron 

chelates EI:>TA, HEEDTA, and CDTA were mildly toxic to bea:n. plants. They 

believed that the toxicity was due to factors other than the iron content 

because the leaves of plam.s treated. with the chelate 11Fe-138" (aromatic 

polyaminocarboxylic acid, APCA) were higher in iron and exibited no chlo-

rosis. 
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The exact mechanism involved in the utilization of iron from che-

lates is still unknown.; however, recent research by Wallace et al. (80) 

has shown that the whole chelate �olecule is absorbed by plants. It is 

evident., from this review, that further work must be done concerning the 

use of chelates for the prevention and correction of chlorosis. 

Manganese 

Functions of_Manga�ese in Plant Nutrition 

According to Russell (64) manganese is an invarible constituent 

of plants. Manganese has been shown to play numerous roles in the 

normal production of plants ·(28, 48, 49, .5'0, 6.5). McHargue (50) found 

direct evidence that manganese has a function to perfor.m in the fonn.a­

tion of chlorophyll., photosy:nthes'is � possiiply in the syn�esis of 

proteins in the plant. He· also suggested that manganese functions 
. 

. 

in the production and se_Cl:'l?tion of enzymes., hormones, and vit.amin$o 
. . .

. 

Ger�tsen (27) reported,tb.?,t mang;anese plays an :hnportant r9le inthe 

oxi�tion-reduction processes assocurted with phot<i>synthesis in plants. 

He also noted that manganese was associated with carbon dioxide ass:im­

ilation and that lower amo�ts ·or ma}1ganese in the plants ca111>e-d a 

re(iuction in the area of' '.t.lie .rbot :system, yield., and resistance to root 

�vad:ing organisms. Muld�r iilnci Gerretsen (5.5) stated that J.llanganese 

was an activator of some enz·ymatic reactions associated witll carbohy ... 

drate and nitrogen metabolism. Lee�r (41) concluded that manganese 

deficiencies ca�ed an accumulation of nitrates and McHargue (50) re�

ported that manganese fun�tions in the ;reproductive processes associated 

with seed production in some plants. 
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Factors Affecting the Availability of Manganese in Soils 

Manganese may be found in various fonns within the soil. According 

to Wallace (81) the occurrence of manganese in soils resembles that of 

iron since the oxides of manganese are the most :important forms. Fuj:imoto 

and Sherman (2$) listed several factors that affect the supply of avail-

able ma�ganese in the soil� They stated that high temperatures, high 

moisture" levels ., rei;luction of pH .and addition of reducing agents tends 

to :increase the avaii'ability of manganese. Snider (71) believed that 

the seasons of the year and the state of composition of rqa.nganese com­

pounds were more important in manganese absorption. He maintained that 

in the spring, manganese com.pounds were :in the reduced state and were 

available for plant growth. Later in the year, manganese compounds be-

came more fully oxidized and were unavailable causing a manganese defi-

ciency in plants grown on the soil. 

Accord:ing to McHargue (47) manganese may be made unavailable in 

some soils by the addj_tion of an excess of basic materials such as calcium 

carbonate. Schmehl et al. (66) concluded that additions of 1:ilning mate-

rials to acid soils caused a reduced availability of manganese and Hewitt. 

(32) suggested that there was an antagonistic effect between le.vels of

calcium and the uptake of manganese. With additions of calcium sulfate

in sand cultures there was a decrease in manganese content of the plants.

Swanback (76) stated that manganese depressed the absorption and utili-

za.tion of calcium a.t low levels o:f calcium supply, while at high levels

of calcium the absorption and utilization of manganese were reduced. In

contrast with these findings ., Morris and Pierre (5.3) were unable to correct

manganese toxicity of lespedeza grown in solution cultures by the addition

of calcium. Bortner (9) reported that additions of phosphate decre?sed
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the available manganese in soils and Morris (52) found lower concentra-

tions of manganese in sweet clover and lespedeza as a result of addi,ions 

of phosphate fertilizers. Beeson et al. (5) concluded that high leve1s 

of phosphate increased the yields of soybeans and decreased the manganese 

content significantly while Morris and Pierre (53) noted that an excess 

of manganese resulted in reduced growth under conditions of high phosl)hate 

supply. 

Wallace (81) believed that level of pH and organic matter content of 

soils are the most :important factors affecting the availability of mam­

ganese. Maclachlan (45) observed that manganese deficiencies often occur 

on soils high in organic matter while Samuel and Piper (65) found that 

the presence of organic matter played no part in manganese deficiency 

symptoms of oats. Gerretsen (27) 1 stated that manganese deficiencies were 

not only caused. by a lack of manganese in the soil, but alsi::>' by the pres­

ence of certain bacteria which attack the roots of the plants and caused 

a decreased absorption of the ele.ment 'by the plant. This view was sub-
·., ' 

stantiated by Quastel et a1. (62) who suggested that manganese was con­

verted to unavailable forms by the activity of soil microorganisms.

Sources ·Of Manganese for Plants 

Manganese deficiencies have been corrected in a number of ways.· 

Ger.re ts en ( 27) reported th.a. t f onna.l:in has been used to treat the soil 

and has prevented the app��rance of manganese deficiencies. He believed 

that the formalin caused an :increase in root surface which :improved tb.e 

ability of the plant to absorb manganese. Russell (64) related that 

additions of manganese sulfate to the soil has prevented manganese defi-

eiencies on maey crops. However., in some conditions manganese sulfate 
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would not correct manganese deficiencies because the manganese was cen-

verted to an unavailable form in the soil. Maclachlan (45) and Mulder 

and Gerretsen (55) stated that manganese deficiencies could be alleviated 

by applications of manganese sulfate to the soil, spraying the foliage 

with dilute manganese solutions., treatment of the soil with acidifying 

materials and in some cases flooding the soil which causes conversion of 

manganic oxides to available manganese. Spraying the foliage w:i.t.h solu­

tions of 0.2 to o.5 percent manganese sulfate seemed to be the most eco-

nomical and effective way to correct manganese deficiencies. 

Iron-Manganese Relationships in Plant Nutrition 

Since the discovery by McGeorge (46) of iron deficiencies of pine-

apples grown on the manganiferous� soils of Hawaii, investigators have 

been very much interested in the iron and manganese relations in plant 

nutrition. Somers and Shive (72) found that manganese inactivates iron 

in the leaves of plants by· oxidizing ferrous iron to ferric iron with a 

result in precipitation of,iron as ferric organic complexes which cannot 

be utilized by the plant. The;r believed that there was no difference 

between manganese toxicity and iron deficiency or manganese def'ieiency 

and iron toxicity. However, the work of Morris and Pierre (54), Berger 

and Gerloff (7), Lohnis (!ilt.), Ouellette (58) and Hewitt (.32) did not 

substantiate this idea. Somers and Shive (72) reported tha.t the ratio 

of iron to manganese should .be ab�ut 1.5 to 2.5 to assure opt:imal p:lant 

growth. In contrast, Ouellette (58) working with soybtaan.s grown in 

nutrient cuJ.tures,._1:1tated that the ratio between iron and Il1S.lilganese was

'lµliniportant. In agreement, Carlson and Olson (16), Bennett (6) .and 

Nicholas (56) concluded that the ratio between iron and manganese was 



not the critical factor in the production of chlorosis. They believed 

that the absolute levels of the available iron and manganese was the 

most important factor in producing deficiencies of either element. Sideris 

and Young ( 69) in their study of pineapples gro"W:Q. in nutrient cultures, 

found that the absorption of iron a:n.d manganese was directly related to 

the levels of supply. Lohnis (44) in her eoctensive studies on manganese 

toxicity .did not observe a beneficial effect of applied ferrous sulfate 

treatments on manganese injured plants, except, when the manganese injured 

plants were grown at high temperatureso This temperature factor may ex­

plain much of the controversy among various workers as to the relations 

between iron and manganese. 

Gerretsen (28) advanced a possible explanation of the interdependehce 

qf the iron and :manganese contents. of the· plant for optimum growth and 

chlorophyll production., .He si:;.qted t)la t an. excess i:>f manganese in the 

presence of low iron supply would increase the photo-oxidation of protein 

proteptors of chlorophyll and cause the bleaching of chlorophyll. This 

view on the complementary o:x:idat�oh-reduction effect has· not been con­

firmed., but it does offflr an e1tj)lanation for the mutual anatagonism of 

iron and manganese under some conditions. 

Nutrient Solution Cultures 

Much of the knowledge regarding the role of mineral elements in 

plants has been obtained by means of nutrient solution cuJ:t.ure studie:$. 

According to Miiler (51) the _earliest recorded experiment with water 

cultures was conducted by Woodward il11699 who grew spearmint in various 

water sources to deten:nine whether the water or solid particles furnished 

nourishment for plants. He concluded from his experiment· that the solid 
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particles were the source of nout�hlnent of plants. Various solutions 
;.r, . 

have been proposed for nutrient culture studies (33). From the beginning 

of nutrient culture work, investigators have clearly- recognized that the 

co:p1position of a given nutrient solution was not superior to every other 

composition (33). 

The type of container to use in solution culture studies depends 

upon the kind of plant to be grown, the length of the growing period and. 

the purpose for wh_ich the plants are grown. Shive and Robbins (67) re­

ported that two-quart glass fruit jars, one gallon· glass candy jars or 

two gallon crocks �ere suitable containers for nutrient culture studies 

while Hoagland and Amon (33) stated that one or two-quart fruit jars or 

five to ten-gallon earthenware jars could 'be used successfully. For sat­

isfactory growth in nutrient cultures some means of renewing the solutions 

to maintain a better nutrient balance seems necessary. Allison and Shive 

(2) found that soybeans grow"ll in cultures with a contmous renewal of

solutions were always superior to plants grown in cultures with intermit­

tent· renewal of solutions. Bre·nchley (11), also noted that barley and 

wheat seedlings gave a marked increase· in grow·t.h ins olutions that were 

changed frequently. Gericke and Tavernetti (26) s,tated that heating the 

nutrient solution would prqduce large increases in the growth and yield 

of tomatoes, but the work of Arnon and Hoagland _{1) did not substantiate 

this experJlllent. Arnon and Hoagland (4) concluded from an experiment 

of growing tomatoes in soil and solution cultures under the same conditions 

that the water requirement was approximately the same for plants grown in 

nutrient solutions or soils. 

Bryant (i3) reported that aeration of· the water cultures had a marked 

ei'fec-t, upon the growth of barley roots. He stated that plants growing in 
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non-aerated cultures produced about three times as many roots as plants 

growing in aerated solutions ., but the roots growing in aerated cultures 

were three times as long and were about 15 percent greater in diameter. 

Clark and Shive (19) found that roots of tomato plants grew throughout 

the container in aerated solutions while they grew only near the surface 

in unaerated solutions. They also concluded that lack of aeration tended 

to make the plants mature earlier than plants in aerated solutions. Amon 

and Hoagland (4) stated that tomato plants grown in aerated solutions gave 

$igni.f'icant :improvement in growth and yields as compared to plants grown 

in non-aerated cultures. 



III MATERIALS AND METHODS 

This investigation. was divided into three phases; greenhouse pot 

studies, laboratory tests and nutrient solution cultures. The objec-

tive of the greenhouse pot studies was to ascertain the effect of chem­

ical im.d physical treatments on the yields of cotton. The purpose of 

the laboratory tests were to characterize the soils and to determine the 

effect.of various treatments on the iron ariii manganese contents of the 
. . - . -� .' • . 

1 , 

soils as well as the plants. 'l'he nutrient culture phase was co�ueted

to observe and record the sympto,ns of the cotton plants caused by a lack

of the various essential elements.

Greenhouse Pot Studies 

Soils Used in the Pot Culture Experiment 
. . 

'.the soils collected for thi� study were a McLain loam from ·the Cot­

ton Experiment Station at· Chickasha, Oklahoma and the BrCi>wn.field soil 

£rom the Sam Holmberg farm at.ijrick, Oklahoma. Two bulk samples Ci>f each 
.. 

. 

soil., one from an area exibiting no chlorosis and one from an area show­

ing chlorosis, were brought to the greenhouse. Samples of the McLain 

loam exibiting no clllorosis and .showing ehlorosis will hereafter be, re.;. 

£erred to as soil A and soil B, respectively. In the same orde:i;-., the

Brownfield soil will be designated soil C and soil n.

The Brownfield series; is. comprised of loose sandy soils w�th red-::­

dish friable subsoils and na zone of carbonate aecumula tion. This ser�s 

lEstablished ·series Division of Soil Survey., BPJSAE, ARA, USDA., 
Unpubii�ed data. 
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occupies undulating to billowy upland on the high plains of Texas and 

adjoining states. Draina�e is free both externally and intemaily. 

;!'he native vegetation is bomposed chiefly of shin oak and coarse grassJs 
. . . ' 

. . 

(largely little bluestem and sand dropse�d) with some scattered sand 
."· "· i

sage 'and yucca. In some places,' black grama ., hairy gra.ma and. �iple awn

gra�ses occur extensively�· These soils are used largelyf'or grazing., but 

some areas are farmed chiefly tb·, corn, cotton., grain sorghums and other 

f'eed crops. These soils are very drought resistant, but are susceptible 
. 

. , 

. I ·, .1 

to wind erosion and fertility is depleted very rapidly. 

"'The.NeLain seriesl is a youthful Reddish Prairie soil developed on 

reddish calcareous alluvium; This series occupies level stream terraces 
. ,: .. ,, r·., . .,., ... , . . 

lying 5 to 20 feet above the present flood plain along the Washtta.,
.. ; ; .... 

Canadian and Reci Rivers. · These soils have distinct color p:i;-ofiles .and 

have the free carbonates removed to a depth of several �eet� but they 
:· .. . . 

lack a distinct textural pro.file. Surface drainage is slow. Internal , 

drainage is moderate but is very f'avorable for crop growth. The'se soils 

werEf originaily forested with ·c:;ak.,; elm., pecan, hackberry. and ash but 

�ve been cleared for cultivation.. The chief crops grown 'on. the_se soils

�re corn., cotton.., alf'alf'a., ·· small grains ., sorghums and broomcorn. These 

soils are ve:cy fertile aria' a:re highly productive. 

Greenhouse �focedure .and SQil, T��tmen� 

Two-gallon, glazed, ·non-porou1;
i
' pots were used. 

' ...... 

Each· pot was thor ... 

oughl.y washed and rinsed·'�it.h· di�tP.J.ed water. The drain.
.,

holes.w�re c�osed 

With rubber stoppers ant 8,5991:��cUflS Of' Soil Were placed .in 'ea.ch pot�. 

lExtablished Series, Division of Soil Survey, BPISAE, ARA, USDA, 
Unpublished data. 



After studying the analyses of the soils, it was decided that appli­

cations of nitrogen, phpsphorus and potassium were necessary to prevent 

them from becoming a limiting factor. Analytical grade salts of ammonium 

r,i.itrate, mono-calcium phosphate and potassium chloride· were µsed in making 
-.,;_:. i 

the solutions for N, P and K applications. Enough of each solution was 

applied in cross-hatch bands three inches below the surface in �ach po� 

to bring the N, P and K to an opt:im.um level. These basal applications, 

were applied approximately one week before the date of seeding. 

In this experiment there were eight treatments with three replica-

tions of each treatment. Both chemical and physical tre_atments were 

used. The treatments and rates _of application are given in 'l'abie I. 

The compacted layer used fn; treatments 7 and 8 was synthesfaed by : 

removing 6 inches of soil. from the pots and placing a sheet of waxed 

paper over the remaining $oil. Then a 2 mch layer of soil was .put on-
. 

. 

the waxed paper
., 

wetted with. distilled water and packed with a tamping 

;t'Od about three inches in_ diameter. .Another sheet of waxed paper ·was 

plaeed over this layer to retain·as much moisture as possible-in the 

wetted zone. The remainder of the soil was returned to the pets and af­

ter 48 hours, the top 4 inches of soil plus the piece of waxed paper were 

removed. The compacted �one was again wetted, packed and dried. This 

step was repeated three times to insure the formation of a dense· pan� 

After drymg and hardening, the top four inches of soil were returned to 

_the pots and the ot�r steps in the procedure were. carried on. 
. 

' 

The chemical treatments were added as solutions made from analyti-

cal grade reagents. They- .were applied in cross-hatch bands two inches 

deep so that the seeds could be planted without direct contact of the 

f ertil;izer salts. 
:
J, 
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1 

2 

3 

4 

5 

6 

7 

8 

TABLE I 

TREATMENTS USED IN GREENHOUSE.POT STUDms 

TREATMENT RATE OF APPLICATION (lbs./A.) 

Cheek 

Minor element mixture 
Fe as FeS04. 7H20 
Mn as MnS04 .H_20 
B as Na2B4: 

°7 .4H20
Zn as Znsq.. 7H20 
Cu as CuSOL. .5H20 
Mo as H2Mo04 

Chelated iron ( HEEDTA) 
N-hydro:xyethylethylenediamine­
triacetie acid

Manganes�·as MnS�,.�o 
Chelated iron (HEEDTA) 

Iron as FeS04.7H20 
Manganese as Mn.S04.H20 

Iron as FeS04. 7El20 
Manganese�� MnSO�·H20

(Spray application) 

Compacted lBfer plus chelated 
iron (HEEDTA) 

Compacted layer 

21.6 
21.6 
4.o
1.5 
1.5 
o.5

21.6 

21.6 
21.6 

21.6 
21.6 

21.6 
21.6 

21.6 

20 
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On December 8, 1955, six seeds of Stoneville 62 cotton (59) were 

planted in a circle two inches from the outside of the pot and one inch 

deep. Stoneville 62 was used as the test plant because it is a well 

established and proven variety. The pots were arranged in a randomized 

block design along the east bench in the greenhouse •. To eliminate light 

and temperature differences, the blocks were rotated eve:cy- two weeks. 

:when a complete stand was assured, the cotton plants were thinned to 1 three 

per pot. Distilled water was used to water the cultures throug}:lout the 

exper:i,ment. On May 28 ., 
1956., the cotton bolls were harvested and yield 

w,-eights were recorded. The yields were analyz�d statistically according 

�o the methods of Snedecor (70) and Duncan (22).. 

Laboratory Tests 

Initially., the four soils were characterized by chemical and physical 

analyses. A sufficient. quantity of each s'oil �as air-dried and then proc­

�ssed by crushing the soil aggregates with a brass roller and sieving 
-�r ! . :' 

through a 20 mesh screen. Deter.m:i.nation of the soil texture was made by 
� 

. 

the Bouyoucos hydrometer method using a 100 gram sample (lo). The reac-

tion of the soil was measured with the Beelanail,glass electrode pH meter 

using the proc�dure outlined by Peech and Engl:t.sh (60). The organic 

matter content arid total nitrogen were determined by the methods of P�per 
. . ) 

(61). Avai1able phosphorus and available potassium were run according to 

the methods outlined by Harper (31). The .cation exchange eapa.ci ty and 

total exchangeable bases were measured by the A.O.A.C. methods (43). Ex­

changeable calcium and m�gn,esium were dete.rmiried with'�:;fM:''.Be�km.az i "qiartzf"''" 

spectrophotometer. Available iron and manganese were determined essen­

tially by the method� of Peech and English (60) which were modified for 
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use with the Cenco photelometer. These procedures used sodium acetate 

as the extract:ing agent. The amount of iron was measured by developing 

the color with ortho-phenanthroline and'the a.mount of manganese was 

detennined by deveioping the color with sodium bismuthate. Peach and 

English believed t:pat this method measured the exchangeable and water 

soluble for.ms whic� were available for plant uE:ie. The results of these 

��es are shown in Table II •. 

At the conclu,ion of.the greenhouse �xper�ent, soil lil<illllP!�s were 

tc;1,1;:en with a hand probe from each pot which received an iron or man­

ganese treatment. These sam.ples were taken to the laborato:r.:-y, air-dried 
. •. 

and processed for analys�f:l. A,ya:i
,.
lable, iron anq. manganese were deter.mined

by ! the methods of Pee ch �n<i Engl:tsh ( 60) which :weI'e modified '!or· use with 

t.he . Cenco photelom1;1ter. 

Plant samples from botb. tbe pot and nutrient culture experiments 

were prepared for analys:µ3, by thoroughly' washiri.g wit,h distilled water 

�d ·:qrying in a forced-draft ,oV�;t?. at 65oc. These samples :were ,'. .. then. �round

in ·a· silica ball mill to l)l'E:lVent iron cohtam:ina.tion. E,a.c� sa.inple _was 

�shed with a 3d nitric�pe,;rch;I.oric acid mixture and diluted to 100 mil-
· . .  · ·· ·  . ·· · ·  . . , .. .. ·. . ' 

lilit13rs. Iron and mangan�l3e,were.deter.mined 4c�ordmg tq the.methods
' •"" ' • ,; I 

; 
. .".1.' • 

o!'.,�.th et al. (77). Iron was measu�d by developing the color with 

ortho-pfienanthroline and .reading the percent l�ht tranSlllis�i<m··�ith. a 

Cenco photelometer. Manganese was deter.mined by developing th13 color 

�ith potassium periodate and measuring the light transmission with the 

Fisher colorimeter.· 



TABLE II 

.ANALYSES OF THE FOUR sons USED IN THE 
GREENHOUSE POT STUDIES 

.ANALY$IS 

Mechanical Analysis 

Textural Class 

Soil Reaction (pH) 

Percent Organic Matter 

Percent Total Nitrogen 

Cation Exchange Capacity 
(m.e,/100 grams) 

Total Exchangeable Bases 
(m.e./100 grams) 

Exchangeable K 
(m.e./100 grams) 

Excha:ngeable Mg 
(m.e./100 grams) 

E.:X'.changeable Ca 
·: (:in, e ./100 grams)

Avail,able p
(:lf>I;!• per acre) 

' :·, 

Ava:ilable Fe 
(lbs. per acre) 

ilvailable :Mn. 

(lbs. per acre) 

son. A 

44.5% Sand 
38.25% Silt 
17 .25%··· Clay 

Loam 

6.3 

1.,1 

0.07 

9,8 

8.35 

,88 

2.4.3 

4.09 

72,3 

5.1 

70 

SOIL B SOIL C 

48.5% Sand 84.75% Sand 
36.5% Silt 6.45% Silt 
15.0% Cla.¥, 8.80% Clay 

Loam ;oamy Sand 

6.9 6.3 

1.76 o.46

0.01 0.02 

10 .. 4 4.8 

9.10 4.0l 

.99 .35 

2.79 1.10 

4.43 1.89 

I 

78�7 5.8 

1.3 3.3 

78 4o.5 

23 

so:n. D 

90.5% Sand 
3.7% Silt 
5.8% Clay 

Sand 

6.5 

0.32 

·0.02.

3.3 

2,34 

.20 

.78 

1.30 

7.4 

1.4 

45 
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Nutrient Solution Cultures 

·In this phase, Stoneville 62 cotton plants were grown in various

nutrient solutions containing known essential elements. The solutions 

were made with distilled water and analytical grade reagents. Tqe 

· following stock solutions were -used"'i'or preparing -the ·-van1'US ·nutrient

solutions.

(1) 1.0 Mol�r calcium nitrate (Ca(NQ3)2.4H20).
: J 

(2) 0�05 Molar mono-calcium phosphate (Ca(H2P04)2)•

(3) , 0�01 Molar c;alci'Wl'J, sulfate ( CaS04 -�oluble anhydri�.

(4) 1.0 Molar potassium nitrate (KN03).

(5) l.O Molar potassimn di-hydrogen·phosphate (KH2P04).

{6) o.5 Molar potassium: sulfate (K2S04).

(7) ··1.0 Molar magnesium sulfate (Mg�o4.7H20).

(8) 1.0 Molar ammonium di..;hydrogen phosphate (NH4H2P04).

(9) Minor element l{lixture of:
boric aC'id ( H3B03)
manganese ehloriae (MnCl2.4H20) _ 
z:ine sulfate (ZnSOh.7H20J 
copper sulfate (Cu.S04.SH20) 
molybdic aeid (H2Mo04) 

f• ,� M 

· 2.86 gms./li�r.
1.81 gms./liter.
d.22 'gms./liter.
0.08 gms./liter.
0.02 gms./liter.

(10) Mi-nor element mixture (same as above except without man-
ganese). .· 

(ll) o.5% iron solution made fr()m an iron chelate (N-hydro:xy­
ethy'lethlylenediaminetriacetic ac:icl., HEEDTA).

The nutrient solutions were made according to the d1;re oti9:ns given 

by ,Ho·agland and Arnon (33);1
. '.l'h�re were eight dif:'i'erent E1oluti9ns used 

' . 

' 
. 

·:.. ._,.',: ., , •  . . . .  ,· 

with four replications of each treatment.· The treatments are ;iven in 

Table III. 

The solution containers were three-liter, gl�ss battery j�rs which 

had.'oeen reinforced witr� sheet almQ.j,ntUTl and paint�d on tl:ie outside; with 



aluminum paint to eliminate as muc� light as possible. The containers) 

were covered with one�half inch plywood covers to prevent as much contam-

ination as possible. 

TABLE III 

TREA'IMENTS USED lN NUTRIENT SOLUTION CULTURES 

Treatment No. 

1 

2 

3 

4 

5 

6 

7 

8 

Treatment 

Complete 

}i;inus Nitrogen 

· Minus Potassium

Minus Phosphorus

Minus . Calcium

.P11.nus· Magnesium

M�us Manganese

Minus .. Iron

Healthy plants for the cultures were obta:i,ned by starting the seed-
1 

lings :in silica sand. First attempts to start ,seedlings in vermiculite

were futile due to he�vy seedling disease infeqtions even though the seeds 

were 'treated. Although the process for making vermiculite is essentially 

a sterilization process9 the handling and bagging methods employed prob-

ably permits excessive contamination. After one week, the plants started 

in the s:i.lica sand were about three inches. high and appeared to be growing 

norm.ally. Plants with two good cotyledon leaves were selected for trans­

fer to the nutrient cultures. On March 29 9 1956, the stems of the desired 

plants were wrapped with glass wool and suspended through the plywood cov­

ers into the nutrient solution containers. 



26 

The nutrient solutions were aerated by means of a small air compres-

sor which pumped air through a series of rubber and glass tubing, which 

is illustra. ted in Figure l. Aeration was first, attempted through extrac­

tion thimbles, but this method proved unsatisfactory. ·A three inch piece 

oi' capillary tubing on the tip of each aerator was found to be very suit­

able. Screw type pinch clamps were used to adjust the flow of air bubbles 

into each container. The air compressor was powered by a one-half horse-
. . 

power electric motor which was connected to an electric time switch. The 

�witch was set for 75 minute tim.e interval�, thus, the so1utions were aer-
-

. 

�ted for 75 minutes followed by a 75 minute rest period .. · 1 

All cultures were changed at �ew intervals for the f;irst four 

weeks and' twice weekl;y: for the rem.a:i.n(;ier of the study in orq.er to main-

tain a better ionic balance among the nutrients. The pH wa� checked and 
··,; • . I 

�djusted daily to a valu� o..:f,' 6.o tp 6.8ausing external indicate�. The
' ; •, .,;. "•• •' • ' ·. ' • I ' 

• :i � ' - ... . : 

pH of most of the solutions �q.ift.e!i eontinously. Some solutions became 
, ., · . • '. · .• '. ',. ·, • .I 'd' . .  , 

·, ' �·-; ·.:,, �.: .. '. . .  , ·,. - .. 

acid in 24 hours while others turned basic. Only a few sol111;iiQn.s.rema:i.ned 

in.the neutral range. 

Daily observations wer�. ,made .. and pictures were taken periodically 
• ,,,!:, ,_. _. J . ' • � ... --- . I. 

to record any de.ficienc:j.�s ��t."9q_curred. The plants were grown in the 
� ' C j. "•·' • • .,�, '.,.J "-J>''•' • '·'•' n 

nutrient sol,;i:\;ions for a period of two months. : During the :j.ater part of 

May, the 'plants began to w:Ut even though the battery jars contained a 
. . 

sufficient amount of' solution. The experiment was te�inated on Mat 28, 

1956, because of the extreme temperatures in th,e · g�emhouse. 
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Fig. 1. Aeration system of the nutrient solution cultures. 



IV RESULTS AND DISClJSSION 

Greenhouse Pot Studies 

Effect of all S¢dls on Cotton Yields 

The yields of cotton grown on four soils in the greenhouse are 

found in Table V. These dat,a indicated that there was a difference 

among soils. The analysis of variance test showed that the total 

yields of cotton displayed a dif.:ference due to effect of soils at 

the 5 percent level of confidence (Table VI)., The multiple range test 

for the differences in soils at the 5 percent probability level, given 

in Table VII
., 

indicated< a signific�nt difference between 'each soil. 

Cotton yields on soil D were significantly higher than the yields on 

the other 't,hree soils. The yields of cotton on the chlorotic soils 

from a given location were significantly higher than the yields on 

the non,�chlorotic soils from the s�e area. Confidence intervals for 

the true difference between soils at the 5 percent probability level 

are shown in Table IV.· 

TABLE IV

CONFIDENCE INTERVALS (5% P-leve:J.) FOR 
THE TRUE DIFFERENCE BETWEEN SOILS 

Soils 

Soil :0 minus Soil C 
Soil D minus Soil B 
Soil D minus Soil A 
Soil C minus Soil B 
Soil C minus Soil A 
Soil B minu$ Soil A 

Lower Limit 

28 

.8554 
204054 
3.,4924 
.. 8174 

1..,9044 
.,3544 

Upper Limit 

2.32o6 
J.,8706 
4.9576 
2.2826 
3.3696 
l.BJ.96



TABLE V 

THE EFFECT OF VARIOUS TREATMENTS ON yOTTON YIBLlDS 
(Exp,;Bssed in grams pe:r pot) OBTAINED FROM FOUR 

SOILS JN THE GREENHOUSE 

, .. -. ... - Soils 

29 

Treatments A B c D TOTAIS 

l 25.4-ir 29.9 23.5 36.0 111+.8 
25.o 25 .. 4 17.9 23.4 91.7 
24.6 29.8 27.6 28.9 uo.9 
22.1 30 .. 3 c.6.7 30.9 no.o 

2t� .. 6 18.2 22 .. 4 26.3 91.5 
17.8 29.2 27.6 20.2 94.8 
17.6 ll.7 19 .. 4 26.1 74.8 
19.4 23.1 20 .. 1 18.5 81.1 

Totals 176 .. 5 197.6 185.2 210.3 

-ii-Each figure represents an average of three plants per pot and an aver-
age of' three replications. 

!ez to Treatments

1. Check

2. Minor element mixture.
21.6 #/A. of Fe as FeS04.7H20 
21.6 i¥/A. of Mn as MnSO

_ �
· H20 

4.o #/ A. of B as Na2Bh07 .4H20
1 .. 5 #/A. of Gu as CuSOL�·5H2 0
1.5 #/A. of Zn as ZnSOh• 7H20 
o.5 ii/A. of Mo as H2�fo04

3. 21.6 #/A .. of Chelated Iron (HEEDTA)

L�. 21.6 #/A. of Mn as MnS04 .. H20 + 21.,6 II/A. Chelated Iron (HEEDTA) 

5. 21.6 It/A. of Mn as MnSO!J. .H2G + 21.6 #/A. Fe as FeS04 .. 7H2G

6. 21.6 i¥/A. of Mn as MnS04.H20 + 21.6 #/A. Fe as FeS04. 7H20 (Spray
Application) 

7. Compacted Layer + 21 .. 6 II/A., of Chelated Ir.on (I·IEEDTA)

8. Compacted Layer



TABLE VI 

ANALYSIS OF VARIANCE OF COTTON YIELDS OBTAINED 

FROM FOUR SOILS IN THE GREENHOUSE 

Source 

Total 

Block 

Total Treatments 

Soils 

Treatments 

Soils x Treatments 

I�:rror 

dofe 

93 

2 

31 

3 

7 

21 

60 

s.s.

524.0l 

60.58 

270.20 

27.17 

123.56 

119�47 

193.23 

M.S.

8.7161 

9.0566 

17,,6514 

5.6890 

3.2205 

*Indicates significance at the 5% level of confidence.
{H�Indicates significance at the 1% level of confidence. 

30 

F. 

2.7064** 

2.8121* 

5.4809-ll* 

1.7664* 



A. 

· TABLE VII

A MULTIPLE RANGE TEST SHOWING THE SIGNIFICANT DU<'FERENCES IN COTTON 
YIELDS DOE TO THE EFFECT OF SOIIB IN THE GREENHOUSE 

Standard Error of Mean: rror Mean �uare � • .3663 (d.f . ... 60) 
--

No. of items iii ioils 

'.B. s11ortest ·s1gp£t1cmtt. Ranges: 

Range: (2) (3) (4) 

(5% level) P.;. 2�83 2.98 3.08 
RP= 1.036 1.092 1.128 

c. 'Resiiltss

Soils: A .. B c 
Means Ranked in Order: 22.063 23.J.$0 24.700 26.488 

Note: Any- two means no� underscored by the same line are significantly different. 
�y two means · tmderscored by the same .lip.a are not significantly different. 
A solid line underscore indicates a siltl,ilarity of soils at the 5% probability level. 

. . . 

w 
I-' 



These confidence intervals d�picted more difference between soil 

C and soil D than between soil A qnd soil B. The true difference be-

tween soil A and Soil B was less i:,han any other two sc>ils in this ex-

per:i.ment. 

Effect of Treatments on Cotton Yields 
Obtained from Individual Soils 

32 

The yield data in Table Vindicated a difference among the effects 

of treatments on the different soils. From these data., an individual 

analysis of each soil seemed. justifiable. The analysis of variance test 

of the treatments on soil A gave no significant difference in cotton 

yields among the treatments (Table VIII). The analysis of variance test 

on soil B found in Table IX disclosed significant differences in treat-

ments at the l percent level of confidence. The multiple range test 

showed that the check9 chelated i!'on» chelated iron plus manganese., and 

the inorganic iron plus manganese (spray application) treatments were 

similar at the 5 peruent level of confidence (Table X). The chelated 

iron plus manganese treatment was slightly better than the cheek., che­

lated iron and inorganic iron plus manganese (spray application) treat­

meni;s. At the 1 percent level of confidence the check, minor element 

J11iJcture, chelated irGn0 ch�lat.ed :i,ron plus ma:nganese l) and :µiorgci.nie ir0a 
.} 

. . 

plus manganese ( spray appliea tion) treated pots were similar. The minor 

element mix:tul::'e and compacted la:irer treatments were similar at the 5 per-

cent level of confidence, and.. w.e:re� significantly lower then tl'.!.e chelated 

irop. plus manganese :, qhe clc" .. c:hela ted iron and inorganic iron plus manga­

nese (spray application) treatments. The ino.t'ganic iron pltl.� manganese 

and compacted layer plus chela:t.�d iron treatad pots were significantly 

diff'erent at the 1 percent 'level of confidence and were significantly 

lower than all other treatments. 



Source 

Total 

Blocks 

Treatments 

Error 

Source 

Total 

Blocks 

Treatments 

Error 

TABLE VIII 

ANALYSIS OF VARIANCE OF COTTON YJELDS SHOWING 

THE EFFECT OF TREAT.MENTS ON SOIL A 

d.f. S.S. M.S.

23 108.24 

2 45.51 

7 25.94 3.7057 

14 28.55 ·2.0392

TABLE IX: 

ANALYSIS OF VARIANCE OF COTTON YJELDS SHOWJNG 

THE EFFECT OF TREATMENTS ON SOIL B 

d.f. s.s. M.S.

23 155.25 

2 1.10 

7 106.32 15.1885 

14 47.83 3.4164 

iH}I:ndicates significance at the 1% level of confidence. 

33 

F. 

1.8172 

F."

4.4457** 



TABLE X 

A MmLTIPLE RANGE TEST OF COTTON YIELDS SHOWiliG 
THE EFFECT OF TREATMENTS ON SOIL B 

- =������������������� 

A. Standard Error of Mea.11:
��

�rox.:____�ean Square 
No. of items in-rboils "' 1.06715 

B. Shortest Significant Ranges: 
-....--= --�-----=- =- =-· 

Range (2) 

(5% level) P 3 3.03 
J:iP .;; 3. 2.335 

(1% level) Pg 4.21 
RP= 4.4927 

(3) 

3.18 
3.3935 

4 .. 42 
4.7168 

(4) (5)

3.27 3.33
3.4896 3.5536

4.55 4.63
4.8555 4.9409

(d.f • .,, 14) 

( 6) (7) (8) 

3.37 3.39 3.41 
3�5963 3 .. 6176 3.6390 

4.70 4.78 - 4.83
5.0156 5.1010 5.1543

����--------����--����-������------��-----�������--��--------------�----���--..... ----�--------�--.... �------���---

c. Results:

Treatments g 7 5 8 2 6 3 1 4 

Means Ranked in Orderg ll.7 18.2 23.1 25.4 29.2 29.8 29.9 30.3 

------------------- ---

._, __ _ 

Note: Any two means not underscored by the same line are signif----rcantly different. 
Any two means - underscored by the same line are not significantly different. 
A solid line underscore indicates similarity at the 5% probability level. 
A broken line underscore indicates similarity at the 1% probability level. 

w .s::-
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The analysis of variance on soil C located in Table XI showed sig­

nificant differences among the treatments at the 5 percent level of 

confidencee The multiple range test, indicated a similarity among the 

inorganic iron plus manganese (spray application), chelated iron., and 

chelated iron plus manganese treated pots and disclosed that they we:re 

significantly better than all other treatments ( Table XIII). The check 

and inorganic iron plus ma:nganese treatments were similar and were sig-

ni.ficantly better than the minor element mixture, compacted layer plus 

chelated iron and compactedla.yer treatments. The compacted layer plus 

chelated ironJ compacted layer, and minor element mixture treated pots 

were similar and were significantly lower than all other treatments. 

The analysis of variance ., on soil D gave significant differences among 

t,reatments at the 5 percent level of confidence ( Table XII). The mul-

tiple range test :in Table XIV showed that the check pots were signifi-

cantly better than all other treatments. The chelated iron and chelated 

iron plus manganese treatments were similar and were significantly lower 

than the check. The chelated iron and inorganic iron plus manganese 

treatments were also similar. The i."'1.organic iron plus manganese and com-

pacted layer plus chelated iron t.;reated pots were similar, but the che-

lated iron and compacted Layer plus chelated iron were significantly 

different ., The minor element m.ixtur·e . and compacted layer plus chelated 

j_:ron treatments were s:i.ndlar and were better than the inorganic iron plus 

manganese (spray application) and compacted layer treatments. 



Source 

Total 

Blocks 

Treatments 

Error 

TABLE XI 

ANALYSIS OF VARIANCE OF COTTON YIELDS SHOWING 

THE EFFECT OF TREATMENTS ON SOIL C 

d.f.

23

2 

7 

14 

s.s.

117.57 

59.36 

34.60 

23.61 

M .. S. 

4.9428 

1.6864 

*Indicates significance at the 5% level of confidence.

Source 

Total 

Blocks 

Treatments 

Error 

TABLE XII 

ANALYSIS OF VARIANCE OF COTTON YIELDS SHOWJNG 

THE EFFECT OF TREATMENTS ON SOIL D 

d.f.

23

2 

7 

l4 

s.s.

11.5.78 

.49 

76.17 

39.12 

M.S.

10.88:J.4 

2.7942 

ii-Indicates significance at the 5.% level of confidenqe. 
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F. 

2.9.309* 

F.



A. Standard Error o.f Mean.:
� ... �

TABLE XIII 

A MULTIPLE RANGE TEST OF COTTON YIELOO SHOWING 
THE EFFECT OF TREA1MENTS ON SOIL C 

0 .74973 (d • .f. = lh) 
�����------...-��� .... � .... --·������""'"'""""'"�--�����--·��������--��� ... ����������������������������--������� .... 

B. Shortest Significant Rangesz........ ------�. 

�nge (2) (3) (6) (7)

3.31 3�39(5% level) P � 3.03 
RP,;,, 2.2717 

3.1a
2.384l

(4) 

3.27 
2.4516 

(5) 

3.33 
2.4966 2.5266 2.5416

c. Results:

Treatments: · 2 

Means Ranked in Orders.. 17;9 

7 

19.4 

8 
� ' 

2o;r 

5 l 

- •. 22�4 23.5 

Note: Any two means not underscored by the same line are signil'ieanUy different� 
Arry two means underscored by the same line are noi; aign.U'icantly d.i.fferent. 
A. solid line underscore indicates similarity at the 5% proba'bilit:y level.

4 

26.7 

3 

27.6 

(8) 

.3.4:i. 
2.5566 

6 

27.6 

\.,.) 
-:, 



TABLE XIV 

A MULTIPLE RANGE TEST OF COTTON YIELll5 SHOWING 
THE EFFECTS OF TREATIIIENTS ON SOIL D 

A. Standard Error of Meani ,A /Error MeanSquare 
- V No. �� 4 +�-� 4� q�4'i:� = .9651 (d.f . ... 14) 

B. Shortest Significant Ranges�

Rar.i.ge (2) 

(5% level) P"' 3�03 
RP = 2.9243 

(3) (4)

3.18 3.27
3.0690 3.1559

(5) 

3.33 
3.2138 

(6) (7)

3.37 ·3 .. 39
3.2524 3.2717

(8) 

J.41
3.2910

..... ����������-..���-�·��·-����� .... ���������������� ..... ������-

c. Resultsg

Treatmentsi 8 6 2 7 5 3 4 l 

Means Ranked in·:Grde:n 18.5 20.2 23.4 26.,1 26.,3 28.,9 30.,9 36.o

Note: Any two means riot underscored by the same fine are significantly different. -

Any two means underscored by the same line are not significantly diff'erent. 
A solid line underscore indicates similarity at the 5% probability level. 

""" 
co 
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Effect of Treatment on Cotton Yields 

The analysis of variance test, which is located in Table VI, indi­

cated a significant difference in effect of treatments on cotton yields 

at the 1 percent level of confidence. The multiple range test, showed 

the significant differences in cotton yields due to the various treat­

ments (Table XVI). The yields obtained from the treated soils were all 

lower than the yields produced on the check pots. The soil applica­

tions of chelated iron and chelated iron plus manganese (Treatments 3 

and 4) were not significantly different from the check, although the 

yields were slightly reduced. The inorganic iron plus manganese, inor­

ganic iron plus manganese (spray application) and,minor element m:b:ture 

t:rea trnents produced cotton yields which were not significantly different 

at the 1 percent level of confidence p but all of them were significantly 

lower than the check. The compacted layer plus chelated iron treated 

pots were significantly lower in yields than the compacted layer treat­

men tat the 5 percent level of confidence 0 but were not significant]3 

different at the 1 percent level. Both of these treatments were sig­

nificantly lower than the check at both levels of confidence. Confi-

dence intervals for the t:rue difference between s:i.gnifica.ntly different 

treatments at the l percent probability le,rel are�given in Table XV.

TABLE XV 

CONFIDENCE Jl\JTERVALS (J.% P-level) FOR THE TRUE DIFFERENCE 
BE'IWEEN SIGNIFICANTLY DIFFERENT TREATMENTS 

Treatments 

Treatment 3 minus Treatment 7 
Treatment 4 minus Treatment 6 
Treatment 4 minus Treatment 5
Treatment l minus Treatment 5
Treatment 5 minus Treatment S 

Lower Limit 

7.6471 
2.4221 
3.2471 
4.4471 
1.2221 

Upper Limit 

10.4029 
5.1779 
6.0029 
7.2029 
J.9779



TABLE XVI 

A MULTIPLE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCES IN 
. COTTON YJELl)S DUE TO THE EFFECT OF TR.EA'.IMENTS 

"""""� ......... . � """"*'='-= 

A. Standard Error of Meam /� Mean SquEi._�------=
o 5180 /'\No. of items in treatments • (dof o "" 60)

----�

� -- -

B. Shortest Significant :!_.a__ng�.�

Range (2) (3) (4) (5) (6) 

(5% level) P "" 2�83 2.,98 3.08 3.14 3.20 
RP= 1.,466 1 •. 544 1.595 1.627 1.,658 

(1% level) P "" 3.76 3.92 4.03 4.12 4.17 
RP m 1.948 2.031 2.,087 2.134 2.,160 

c. Results�

Treatments g 

Means Ranked in Orderg 

7 

18.700 

8 

20.275 

5 

22.875 

2 6 

22 .. 925 23.700 

Note: A'ny" two means riot underscored by the sa!ll:l line are significantly different. 
P.Iry two means underscored by the same line are not significantly different. 
� solid line underscore indicates similarity at the 5% probability level. 
A broken line underscore indicates similarity at the 1% probability level. 

4 

27 .. 500

(7) (8)

3.24 3.28
1.678 1.699

4.23 4.27
2.191 2.212

3 1 

27.725 28.,700 

.i::--
0 
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These confidence intervals indicated that, there was less difference 

between the inorganic iron plus manganese and compacted layer treatments 

tha� any others which. were compared. The chelated iron and compacted 

layer plus chelated iron gave the greatest difference between treatments. 

Other yield factors being equal, this revealed the effects of the compacted 

layer. These intervals showed that all the compared treatments had :rather 

wide limits for significant differences, even at the 1 percent level of 

confidence. 

Effect of Treatments on the Iron Content 
of SojJ_s and Plants 

The available iron content of the soils, (before and after cropping) 

u:;ied in the green
h

ouse pot studies is shown in 'I'able XVII. The value 

for the available iron content of the soils before cropping was composed 

of the native available iron plus 21.6 pounds per acre added in the dif­

ferent trea tments. The native available' iron content of soil A, B., c,

and D was 5.1, 1.3� 3.3 and 1.4 pounds per acre, respectively. The 

iron amendments caused only a slight variation in the available iro� 

content of each soil after cropping. The soils which were higher in 

available iron at the beginr.dng of the study were als0 the highest at 

the tennination of the exper:iment. The theoretical fixation of iron was 

�lightly lower on the cheLated iron t:rea;bnent. The theoretical amount 

of iron released on the check pots was approximately equal to the amount 

ab�orbed by the plants and was slightly greater on the chlorotic soils 

than on the non��chlorotic soils. The chelated iron and inorganic iron 

plus manganese (spray application) treatments resulted in slightly 



Treatment 

2Al 
3A 
4A 
5A 
7A 

2:s 
3B 
4B 
5B 
7B 

2C 
JC 
4C 
5C 
70 

2D 
3D 
4D 
5D 
7D 

TABLE XVII 

EFFECT OF TREATMENTS ON THE moN CON TENT 
(Expressed in pounds per acre) 

OF SOII..S AND PLANTS 

Before Crop . �Theoretical ll�r 
-" "•"P· 

__'.k<?pping Removal Difference (?ropping 

26.1 7.8 18.9 3.0 
26.7 13.3 13.4 4.5 
26.7 7.4 19.3 3.8 
26.7 9.4 17.3 3.0 
26.7 9.,4 17.3 4.1 

22.9 7.3 15.6 2.2 
22.9 12.3 10.6 3.0 
22.9 1.a 15.1 2.2 
22.9 9.2 13.7 2.1 
22.9 J.o.o 12.9 2.9 

24.9 7e6 17.3 3.2 
24.9 12.5 12.4 h.-4 
24.9 7.2 17.7 4.1 
24.9 8.9 16.0 2.6 

·24e9 9.2 15.7 4.7 

23.0 .7o3 15.7 2.9 
.23.0 12.1 10.9 2.9 
·23.0 7o5 15.5 3.1 
23.p 8.7 14 .•. 3 .3.0 
23.0 9.1 13.9 3.6 

lNumbers des:f,.gnate treatments and letters designate soils. 
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T'heoreiical 
Fixation 

J.5.9 
8.9 

15.5 
llt..3 
13.2 

13.4 
7.6 

12.9., 
ll.6
10.0

Jli..l 
a.o

13.6 
.13.4 
11.0 

12.a
a.o

12.4 
ll.3
10 • .3
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higher uptake of iron by the plants. When manganese was supplied in ad­

d:i. tion to ironJ) the iron content of the plants was reduced· except in the 

inorganic iron plus manganese (spray application) treatment. There were 

only small variations in the iron content of the plants as a result of 

other amendments. 

Effect of Treatments on the Manganese Content 
Of Soils and Plants 

The a v-ailable manganese content of the so:i'.ls.,, before and after 

cropping in the greenhouse, is given in Table XVIII. The avajJ_able man­

ganese content of the soils before cropping varied with the treatments 

and soils. The minor element mixture .,, chelated iron plus manganese
., 

in­

organic iron plus manganese and inorganic iron plus mangamse (spray 

application} treatments had an addition of 2i.6 pounds of manganese per 

acre .. The natiye available manganese for soil A, B, C and D was 70.0, 

78.o, l:i.0.5 and 45.0 pounds per acre, respectively. The available man­

�anese content of the soils after cropp:i.p,g showed only small variations 

due to the effect of treatments. There was no trend established for any 

particular treatment on the sojls. The theoretical fixation of manganese 

was greater when manganese was added at the beginning of the experime�t. 
. 

. 
. 

The greatest amount of fixation occurred on soil B. The compacted layer 

plus chelated iron treatment resu1:ted in slightly higher uptake of man­

ganese by the plant. There appeared to be no particular relationship 

between the manganese content of the plants and any other treatments. 

Additions of manganese seemed to have no effect on the manganese content 

of the plants. 



TABLE XVIII 

EFFECT OF TREATMENTS ON THE MANGANESE CONTENT 
(Expressed in pounds per acre) 

OF SOIIS AND PLANTS 

Before Theoretical .After · Theoretical

44 

Treatment Crom:�ing 
Crop 

Removal Difference Cro:12;ein� Fixation or Release* 

2A1 91.6 4 .. 2 87.4 73.0 -14.4
3A 70.0 5.2 64.8 69.0 4.2
4A 91.6 5 .. 8 85.8 59.0 -26.B
5A 91.6 6.1 85.5 58.0 -27.5
7A 70.0 6.9 63.1 59.7 - 3.4

2B 99.6 4.2 95.4 41.3 -54.1
3B 78.o 6.0 72.0 34.,0 -38.o
4B 99.6 3.8 95.8 40.7 -55111
5B 99.,6 7.3 92.3 31.7 -60.6
7B 78.o 8.8 69.2 46.7 -22 • .5

2C 62.1 5.,2 56 .. 9 39.3 -17.6
JC 4o.5 6e5 3� .• o 38.7 4. 7
4C 62.1 3 .. 8 58.3 45.3 -13.0
5C 62 .,1 5.,7 56 .. 4 49.3 - 7.1
7c 4o .. 5 7,,9 32.6 40.3 1.1

2D 66.6 4.7 61 .. 9 36 • .3 -25.6
3D 45.o 6.8 38.2 39.6 .B 
4D 66.6 4.2 62.4 47.7 -14.7
5D 66.6 5 .. 9 60.,7 48.o -12.7
7D 45.o 7.,5 37 .5 38.3 .8 

i� A negative sign indicates the amount of fixation. 

1Numbers designate treatments and letters designate soils.
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Nu·trient Solution Cultures 

Deficiency Symptoms 

JQthough plants are unable to talk.9 they have a means of express-

ing their needs through abnormalities that are often called 11deficiency 

symptoms!! or 11 hunger signs''• There are many conditions .9 other than 

nutritional, that can cause symptoms to occur, therefore, all signs of 

abnormalities should not be :interpreted as actual nutritional deficien­

cies without further :investiga:tion. Hunger signs are often very complex 

and difficult to interpret, but their value as a guide to more detailed 

investigations should not be overlooked. The deficiency symptoms produced 

:in this experiment were replicated four times and were quite uniform in 

all cases. Although
.9 the deficiencies produced were probably of the most 

extreme nature they should be of considerable value to those who are inter­

e.sted in the role of various elements in cotton nutrition. 

Nitrogen& The first visible signs in the deficient plants were very 

evident within ten days. .After twenty-two days, the lower leaves began 

to show signs of chlorosis as the.margins 0£ the leaves appeared to become 

lighter in color. The lea.f margins became yellowJ 

I while the remainder of 

i:.he leaf turned a pa.le green color a few days late'r. By the end of the 

fifth week� the oldest leaves had turned yellow and the cotyledon leaves 

were beginning to absciss as depicted in F'igure 2. Nitrogen defici�ncy 

sym_p•t,oms started in the lower leaves of the plant and p.cogressed upward as 

the plant became older, which indicated that nitrogen was translocated 

from the older leaves to ·the te:rminal leaves. The root growth of nitrogen 

deficient plants was reduced to about one-half that of plants grown in 

complete nutrient solutions and some of the roots were extremely elongated 



-N

Fig. 2. Top growth of cotton plants after 38 days in a complete 
and a minus nitrogen nutrient solution� 

-N

Fig. 3. Root development of cotton after 60 days in a complete 
and a minus nitrogen nutrient solution. 

46 
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(Figu.:re 3)., It was also noticed that the lower part of the main stalk 

became very :red and appeared to be much weaker than the stalks of plants 

grown in the complete solutions. 

Phosphoruso These deficiency symptoms were much slower to appear 

than those of nitrogen. The first signs of phosphorus deficiency were 

noted 21 days after transplanting., They :resulted in reduced growth fol­

lowed by a darkening of the leaves. In a few days, greasy appearing 

spots occurred along the leaf margins. The leaves felt very leathery., 

tough and had a glossy appearance. They then exibi ted an upward cupping 

and the greasy spots became necrotic (Figure 4). Shortly thereafter, -the 

cotyledon leaves were shed followed by the abscission of successively 

younger leaves. As the deficiency symptoms became more acute., the plant 

assumed a spindly appearance with leaves remaining only at the top of the 

plant. Figure 5 illustrates the reduction in root growth and the slight 

elongations of the roots. Reddish areas also were found on the lower 

mainstalk in these plants., 

Potassium .. These plants developed deficiency symptoms within ten 

days., They were dwarfed and were much darker in color than those grown 

in the complete solutiqns. The potassium deficient leaves were much 

sha.rpe:r at the apex than non-deficient leaves., After two weeks, necrotic 

a:reas began to occur around the margins and between the veins. As the 

deficiency progressed, these areas became la:rge:r and especially- pronounced 

on the cotyledon leaves., The terminal ti�sue remained green which indi­

cated that potassium was t,ranslocated from the o).der to the yo't;lllger leaves. 

The symptoms moved upward with each successive leaf., The plant, leaves 

assumed a clustered appearance due to dl!'ooping as shown in Fig-µ:re 6. Root 
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-P

Fig. 4. Top growth of cotton plants after 60 days in a complete 
nutrient solution culture and one which lacked phosphorus. 

COMPLETE -P

Fig. 5. Root growth of cotton after bO days in a complete and a 
minus phosphorus nutrient colution. 



-K

Fig. 6. Top growth of plants ai'ter 38 days in a canplete and a 
minus potassium nutrient solution. 

-K

Fig. 7. Root development of cotton after 60 days in a complete 
and a minus potassium nutrient solution. 
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development in the potassium deficient plants was very restricted (Fig­

ure 7). Figure 8 is a comparison of the characteristics of cotton plants 

grown in complete.i> minus nitrogen, minus phosphorus, and minus potass:bllll 

nutrient solutions. 

£§:.lcium. Deficiencies of calcium, which occurred in four day�, were 

the first sym�toms to be observed. The pla:q.ts ·made only very limited 

growth and, at most:i produced only t'Wo true leaves. The leaves ha4, a 

wilted appearance and the petioles seemed to be very weak allowing the 

leaves to hang very limp. The tenn:inal tissue turned pale green in color, 

soon became necrotic and died. Although the terminal tissue was almost 

dead, the cotyledon leaves retained their green color indicating that 

calcium was not tra:nslocatedr(Figure 9).. The signs were very severe at 

the end of three weeks and by the fifth week the plants were dead $nd were 

beginning to decompose.. The roots were very dark .and made very lit,tle 

growth.i> if anyi before the deficiencies occurred •. 

Magnesium.. The signs of chlorosis began on the p.inth day for ·the 

deficient plants., .As in ·t;he other hunger ·signs, reduced growth wa� one

of the first notice-able characteristics, Plants g_rovrn in a nu.trie:nt sol­

ution lacking ma�nesium. exhibited one of tlie most1 striking of all defi­

ciency symptoms observed. The true leaves first faded to a pale g:reen 

and then to yellow witµ the veins rema:ining green. As the signs became 

more severes th� leave, tended to elongate slightJ.y and become necrotic· 

a.round the :margins. After the necrotic marg:ins appeared, the leaves 

cupped upward and beg� to droop slightjq (Figure 10). Finally, the af­

fected leaves became e�tirely necrotic and started to absciss. As :in the

case of calcium deftci�ncies, magnesium is probably not m0bile in plants 
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-P -K

Fig. 8. Top growth of cotton plant.s after 38 days in a complete so­
lution and ones lacking nitrogen, phosphorus and potassium. 

COMPLETE -Ca 
Fig. 9. Top growth of cotton plant.s after 16 days in  a complete 

nutrient solution and one which lacked calcium. 



COMPL[TE -Mg

Fig. 10. Top growth of cotton plants after 60 days in a complete 
and a minus magnesium nutrient solution. 

OMPLHE -Mg 

Fig. 11. Root development of cotton after 60 days in a complete 
and a minus magnesium nutrient solution. 

52 



since the cotyledon leaves remained green whil� . the rest of the leaves 

turned chlorotic. Figure ll portrays the reta�ed and very black roots 

of magnesium :deficient plants. These symptoms differed slightly from 
\· . ,· :·,' 

those described by Cooper {20) ,. 

Iron. Deficiencies 0£ this nutrient were the second ones to occur 
--

in this study. Retarded growth and a general chlbrosis of the teminal 

tissue were noted in se�n, �ays. The new leaves were light colbred and 
:· ., . �- '• .:" " : 

soon changed to a -pale yellow which was almost. white. .As more terminal 

growth occurred, each succeeding leaf was much whiter in appearance. 

Within four or five days after emergence., the terminal tissue became very 

necrotic" and ragged due w the disappearance of leaf tissue. The chlorotic 

leaves were very small. They cupped downward in the early stages and then 

tended to roll upward as the symptoms became more severe. All the growth 

above the cotyledon leaves was dead by the seventh week., while- the coty­

ledon leaves retained their green color. This indicated that frt>rt was 

not mobile in the cotton plant. Figure 12 illustrates the new growth 

which occurred from the axils of the cotyledon leaves during the eighth 

week. This tissue was also chlo:rotic, but was still living at the temi-

nation of the exper:iment.. However., signs of necrpsis were beginning to 

api:ear. Root growth in the iron deficient plants, was limited, but some

elongations did occur (Figure 13). 

Manganese. Symptom..s of manganese starvation' appeared to be the

least severe of all the de;f.'iciencies in ·the experlment. Manganese defi­

ciencies were evident in 16 days. Reduced 'growth' and a slight yellowing 

of the leaves were· the first signs noticed. At the end of three weeks 

the sj1ll'J.ptoms were more pronounced. The younger leaves became a pale green 
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-Fe

Fig. 12. Top growth of cotton plants after oO days in a complete 
nutrient solution and one which lacked iron. 

-Fe

Fig. 13. Root growth of cotton after 60 days in a canplete and a 
minus iron nutrient solution. 
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and were wrinkled in appearance ., while the older leaves retained their 

dark green color (Figure 14). As t.he pl-ants -beeaine older the younger 

leaves appeared to regain some of their green color., put they still dis ... 

pl.a.yed the wrinkling. At the te:rnti.na tion of the exper:unent., . there were 

no apparent differences in the color of the older and younger leaves. 

Figure 1.5 shows that the root growth in the manganese deficient cultures 

was approximately as good as that found in the complete nutrient sol­

utions. With the exception of tpe plants grown in complete solutions 
. 

. 

. 

the manganese deficient plants were the only ones to produce any- squares. 

Iron and Manganese Content Of Cotton Pla;nts 
Grown in Nutrient Solution Cultures· 

Plants grown in complete, minus manganese ., and ndlq,us iron nutrient 

solutions were .analyzed for iron and manganese cohtents. The results of 

these analyses are given in Table XIX • 

. These data indicated that slight variations in analyses occurred 

among the :replications in the exper:ime:p.t. Plants grown in solutions 

which lacked manganese a.ec'Wll.ulated slightly more iron than those grown 

in the complete solutions. Plants grown in complete nutrient solutions 

contained approximately si,c times as much iron on a percentage basis, as 

those grown in iron deficient solutions. Plants grown in the minus iron 

solutions acc'Ul1lulated mueh more manganese peroentagewise than the plants 

grown in complete solutions. The manganese content of the manganese 

deficient plants was quite variable. TJ;iese manganese contents indicated 

that some contamination may have oocu.rred. This could possibly explain 

the partial recovery of the plants grown in the minus .. manganese solutions. 



COMPLETE -MN 
Fig. 14. Top growth of cotton plants after 16 days in a complete 

and a minus manganese nutrient solution. 

-MN
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Fig. 15. Root development of cotton after 60 days in a ccmplete nu­
trient solution culture an d one which lacked manganese. 



Trea tnent .· 

Complete 

Complete 

Complete 

Complete 

Minus manganese 

Minus manganese 

Minus manganese 

Minus manganese 

Minus iron 

Minus iron 

Minus iron 

Minus iron 

--------

'1
1

.ABLE XIX 

IRON AND MANGANESE CONTENTS OF COTTON PLANTS 

GROWN DJ NUTRIBNT SOLUTION CULTURES 
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Re:elica tion Percent Iron Percent Man�a�ese 

l 00186 0.395 

2 0.194 o.410

3 0.173 0.430 

4 Ool65 0.380 

l 0.224 o.o4o

2 011206 o.o5o

3 0.,194 0.035 

4 0.206 0.060 

1 o.035 3.354 

2 0.034 2.789 

3 Oe024 1.564 

4 0.023 1.589 



V SUMMARY AND CONCLUSI0NS 

Greenhouse and laboratory studies were made in an attempt to 

determine the best means of correcting the chlorosis of cotton grown 

on two Oklahoma soils.. The .. soils employed in this experiment were a

McLain loam and a Brownfi;:ll.d soil., Various chemical amendments ( in-

eluding iron and ma�anese applied in different forms and by different 

methods) and a physical treatment of an artificial compacted layer were 

usedo Nutrient solution cultures were conducted to observe and record 

some of the symptoms of cotton caused by a lack of certail:l. essential 

plant food nutrientso From the results of these l;'lxper:i.rnent.s, the follow-

ing conclusions seem justifiableg 

L Each soil exerted a different effect on the cottq,n yields in 

the greenho1..tse pot studieso The y:j.elds of cotton were sig­

nificantly higher on the chlorotic soils from a given area 

than those on the· non-chlo.rotic soils fr.om the same area. 

2o The influence of the treatments on the yields of cotton varied 

with each soil. The chelated iron and chelated iron plus in-

organic manganese trEiated pots produced yields which were similar 

to the checl;s but were significantly better than· all the other 

treatments :i,n the over-all analysis of the experiment. The 
. .

compacted l�yer trea��ents depress�d yields more than any other 

treatments -qsed in this studyo 
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3. The iron amendments caused only slight variations in the avail­

i:i.ble iron content of the soils al'ter cropping. Likewise, man­

ganese additions created only sm.all changes in the amount of

available manganese in the soils after cropping.

4. The chelated iron and inorganic iron plus manganese (spray

application) treatments resulted in slightly greater absorption

of iron by the plants. Additions. of manganese reduced the iron

content of plants.11 except when inorganic iron plus manganese

were applied as a spray. Slightly greater amounts of manganese

were absorbed by the plants grown in the.pots containing a

compacted layer.

5. .Iron.i> �agnesium.., and calcium were :immobile in the cotton plants

grown in the nutrient solutions. However, potassium and nitrogen

were translocated in the deficient plan�.

6. In the nutrient culture e:x:per:iment, a lack of calcilllD. or iron

caused the most severe deficiency signs. The symptoms developed

by the magnesium deficient plants wel:'e the most striking. Whereas., 

the growth of the cotton was least affected in the minus manganese
!

solutions�

7. Under optimum conditions of temperature �d moisture in the

greenhouse, cotton grown on these soils did not develop chlo-

rosis. Under field eonditions .11 cotton chlorosis has been observed

on soils with low moisture and high temperature levels. Further
... . ;

enlightenment on this subject could possibly be obtained througll

a study of varying the temperature and moisture· levels as well

as other soil conditions •
.' 
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