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I INTRODUCTION

Cotton is one of the most important crops in Oklahoma‘'s agricul-
tural economy, Cotton o¢cupies 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
year period 1950 to 1955; the a%erage annual income from cobton lint
was 57,687,667 dollars while cotton seed accounted for an additional
9,067,000 dollars (1)el In addiﬁion# considerable income was derived
from harvesting, ginning, and‘processing of oils, plus supplies and
machinery used in growing cotton., Primarily due to acreage allotments
the area planted to cotton is Qn £he decline, while the average cotton
yields are increasing,

The yield and composition ofiplants have always been.pf prime ime
portance to agronomists.,.Forva”number of years, only teﬁ‘@hemical ele-
ments were considered tq'be“essential for the normal g:owth'gfnplants,
but continued research and .more p;eqise methods of invéstigation have
enlarged the list to some fifteen plant foodAﬁutriénfs. Although cone
siderable knowledge has been accumulated by previous invesﬁigatiéﬁs
caﬁéerning the functions of the ‘essential elements in plant growth,
there are a number of nutrients which have.not been assigned a definite

rolé in the nutrition of the cotton plant.

lpigures in parenthesis rvefer to Literature Citeds



In recent years several investigatorsi(32; BL, 37, L6, LB) have
shown that there is a definite need for more research on the "so-called"
minor elements. Most soils contain an adequate total supply of the mi=
nor plant food nutrients for satisfactory crop production. However,
poor physical conditions of the soil, adverse climatic conditions, and
improper use of fertiliéers 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 pdinted out in several areas of the United States. Re-
cently, chlorotic conditions have developed on cotton, grain sorghums,
and honey locust in some sections of Oklahoma, These chlorotic condie
tions have been attributed to deficiencies of iroﬁ and/or manganese,

One of the objectives of this study was to t;y to determine the best
means of correcting this chlorosis. In a greenhouse pot experiment var-
ilous chemical treatmentsb(including iron and manganese applied in different
forms and by different methods) and a physical treatment of an artificial
compacted layer were used, Secondly, nutrient so;ution'dultures were
conducted to observe and recdrd some of the symptoms of cotton caused by

a:lack of certain essential plant food nutrients,



IT REVIEW OF LITERATURE

General Physiology of the Cotton Plant

Cotton is classified as a perennial plant; however, under the envi-
rommental conditions of the coﬁton belt in the United States it grows as
an anmumal, In the tropics, some species called "tree cottons" (12) ate-
tain heights of 15 to 20 i‘eet,‘whiie 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 pZ_l.ant is unique with its indeterminate growth
habit, dimorphism of branches, and characteristic shedding of small
floral buds and bolls (23). The branches of a cotton plant arise from
the main stem and are arranged in an alternate pattern with leaves pro-
duced in a thrieeneights spiral, Each leaf has two buds,'or rudiments of
buds :produced in its axil, If the true axillary bud deve,lops s & vege=
tative branch is formed and if the extra-axillary or lateral bud (located
on either side of the true axillary bud) develops, a fruiting branch will
be initiated. The proportion of vegetative and fruiting branches formed
by the American upland cottons depends upon the environmental conditionsa
The vegetative branches are structurally similar to the main stem of the
plant and may also produce : fruiting branches._' Negetative branches are
usually formed at the lower _s:ix“to nine main étalk nodes while fruiting
‘branzhes occur gt successively higher nodes. The American upland cottons
are considered to he day-léngth neutral; however, during cool, long days

they will react as short-day cottons and produce only vegetative branches,
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Iron

Functions of Iron in Plant Nutrition

Iron has been recognized as an essential element for proper nute-
rition for both plants and animals for many years; Although the exact
function of iron in plants has not peen clearly defined in many cases,
it is generally accepted that iron is necessary for the fomgtion of
chlerophyll and in oxidation-reduction systems associated with respira-
tione DeTurk (21) repox'bed“that some research has indicated that iron
may function in the produetion of a part of the chlorophyll molecule,
namely the pyrrole ring, According to Sideris '(68"), iroﬁ 1s pfbbébiy
linked with a protein which serves as an activator of other iarSteins
associated with the formation of chlorophyll, Iron plays an important
part in photosynthesis andﬂ is a constituent of several e.nzymes{ Iron
is needed in the formation of irOnfporphyrﬁn prosthetic groups for

several enzymes; namely, cé.talases , cytochromes and cytochrome-oxidases.
Factors Affecting the Availability of Iron in Soils

Most soils are not deficient in total iron, but variations in plant
feeding power and availability of jron can cause deficiencies to voccu‘r.
Iron oxides, which are largely responsiﬁle_ for the reddish coler of many
soils are the main sources of iron in soils (8l). Most of these naturally
ogeurring iron compounds are- quite insoluble, The ferrous forms of iron
are more soluble than the ferric I:E‘orms s but the ferrous ions are unstable
in soils with pH values above 6.0, In soils which have favorable drain-
age and aeration, relatively insoiuble ferric compounds tend te piredomm

inate, In acid, water-logged and poorly aerated soils the more scluble
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ferrous compounds are formed'(h2).§ However, these conditions may be
modified or completely changed by the activity of soil microorganisms,
ofganic 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 nutrients.
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 absorption 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 ;o<the ﬁresence of carbonate of lime in the
soil, while Bohrt and Hughés’(S)‘found chlorotic plants on acid soils
and attributed this condition to a combination of manganese, magpesimn

and iron deficiency. The pH of the plant sap has a definite bearing upon

ﬁhqupiuble iron content of plants. Plants containing sap with a high pH
vaiue were low in soluble iron, while those with a low pH.valde of the
sap were very hlgh in soluble iron (36, 63).

A '. Various plant food nutrients are related to the absorptlon and utill-

E%p;én of iron by plants. Wallace (81) found that soil addltlons of nhos»
hates caused a decrease in'‘the avallabzllty of iron to nlan?g. Ghapman
et al. (18) found that ékriss shosphate in an alkaline medlum for sand

qultqres caused deflclan01eS’g£ iron which could be coz%ected by either

iiaw Ying the pH or decréaém;g‘“ﬁhé* phoéphate level, In comegﬁ 'with these
flndlngs, Spelrs et al. (73) reported no significant effect from the addlu
tlons of treble superphosphate on the iron content of turnxp greens.l Chlon

rosis of plants grown on highly calcareous soils or sozls}whlch have bééﬁ



over-limed is referred to as "lime=-induced" iron chlorosis, It was bé-
lieved that the high pH of these soils caused a reduction in the avail-
ability of iron, McGeorge (L7) concluded that on these calcareous type
soils the excessive calcium in chlorotic barley seedlings caused an in-
activation of iron in the plant. Leeper (L2) reported that the change
in metaboliec activity of the plants grown on calecareous soils was the
cause of iron chlorosis, In agreement with this view, ILjin (35) stated
that a lack of iron; as such, was not the cause of lime-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 formation.
Swanback (76) found that high conpentrations of calcium would decrease
the translocation of iron in the plant. In contrast with these views,
Speirs et al. (73) concluded that there was no correlation between iron
and calcium content of turnip greens on experiments conducted at 19
locations in the southeastern section of the United States, Hewitt (32)
noted that iron deficiencies may be induced by excess copper, zinc, man-
ganese and several other heavy metals, Chapman et al. (18) also found
that an excess supply of copper ahd zinc may cause an induced iron chlo=
rosis, They stated that copper @eéreased the availability of iron and
possibly the availability of manganese on acid peat soils, This effect
might be favorable depending upon the degree of oxidation as well as the
irgn manganese contents of these soils,

Halvorson (30) pointed 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 conditions which depend on oxygen

tension, carbon dioxide tension, acidity and the presence of organic



compounds. These equilibrium conditions also could be changed consider=
ably by bacterial activity. Eveniunder anaerobic conditions which favor
the availability of iron,:a decrease in solubility of iron may occur due
to the formation of ferrous carbonate or, as Chapman (17) suggested, by
the development of an insoluble carbonate coating on the iron particle,

Several investigators (1h, 24, 29, 30, 38, LO) have noted a relation-
ship between soil moisture levels and iron deficiencies. The availabil-
ity of iron on calcareous soils appeared to be slightly greater near the
 optimum water content than at higher soil moisture levels'(29). At high
soii water percentages, a chlorosis of plantslwas noted. However, rice
plants, which are known to be hyd;ophytesy 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 assimilate iron
better than a root formed in a soil of lower water contente Lawton (LO)
 found that compaction of the soil and maintenance of high»soil moisture
levels increased the extractable ferrous iron and decreased the amount
of ferric iron, High moisture levels in ébils tend to favor anagrobic
conditions which cause the reduction éf iron to the soluble ferrous
state, Speirs et al. (73) concluded that there was no correlation be~
tween rainfall and iron qontenb_of turnip greens; waever, theyrstatéd
that irrigation during a relatively dry season caused an ipcreage in
iron content of the plantse. | ‘

Jones and Tio (38) in theiristudies concerning "frenching" gavdis-
ease attributeg to iron defiéiendy) of tobbaco foundithat there was a
féiétionship between available iron, the activities of soil organisms
and temperature. The iron cortent of plants was higher on soils Whigh'

had lower soil temperaturés;"They believed that the higﬁér'temperatufes



stimulated s‘oil organisms which could compete more readily for the sol--
uble iron than the tobacco plants. Lohnis (Lk) ‘reported that exception-
ally hot periods could cause the occurrence of iron defigiencies. There
has been very little work done on the effect of temperatﬁre on iron defi-
cienciee, but it is entirely possible that temperature s’oressesv could
cause variations in the uptake of iron due to reduced plant growth, ale
tered soil or”g_anism ac*b’ivity»or changes in ’_ohe physical conditions' of the

soil.,
Sources of Iron for Plants

Aocording to DeTurk (21) the amount of iron needed by i)larxts ie
very small and can be taken up both in the ferrous and ferr:Lc i‘orms. ,
Kilman (39) believed that iron is t.aken up as the reduced dz.valent form
and then only when it exists in the catlon:_c state. He found ’chat iron
existed in both cationic ahd anionic sta‘ces in so:Lle s but under alkal:r_ne
conditions the cationic forms were pr601p1‘ba‘bed and became unavalleble
for plant use. Therefore, ,the },addvltlons of iron compounde _‘beeeme neces=
sarjf won} alkeline soils, . o o

o ;:;Various methods and. materials-have beeﬁ ﬁsed .to alleviate or pzerrent
:"‘Lrorlhchlorosis of plante.v Burke (15) reported that mger"clons of ferrous
suli‘ate salts 1n1;o the trunks of ‘chlorotic frult trees would eorrect 1ron
chlorosis , while spray and soil applications of ferrous sulfate were not
effective, These iror-salt injections could be either di_fl),li;te:»“‘_soj_.utions
or solid salts. Chapman (17) ‘stated that finely ground magneti'be could
be used as a surceese‘ful source of iron in sand cultures while Gile and
Carrero (29‘) concluded that ferrous sulfate 5 ferric citre.te and ferrio

tartrate were satisfactory sources of iron for plants grown in nutrient



solutions, Wallace (81) found thai;', iron chlorosis could be corrected
with ferrous sulfate as foilage Spi'ays and by injections of iron com-
pounds into the planﬁ stem.

Since the work of Jacobson (37) mucH iéxferest has been aroused in
the use of erganic chelate iron complexes as a source of iron for plant
growth, Chelating agents are organic compounds which combine with metals
to form a ring structure and hold the metals in a usable form for plants
(3, 75)s In recent years, various investigators (37, Th, 79, 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 chlorosis. Jacobson (37) found that 5 to 10
DPePem. of -‘i;r:on as EDTA was adequate for the prevention of chlorosis in
corn, tomato, barley and suﬁflowers grown in nuﬁrient cultures, Wallace
et al. (80) stated that HEEDTA and DTPA were more ’efi‘ective‘ than EDTA in
eliminating iron chlorosis on high lime soils, Holmes and Brown (3l) in
their study of the effect of five chelates on chlorotic soybeans grown
on calcareﬁus syoils » reported that DTPA would correct iron chlorosis
when applied at the rate of approximately 250 pdu.nds per acre, However,
EDTA, HEEDTA, and cylcohexanediaminetetraacetig acid (CZDTA) did not cure
chlorosis of soybeans. Although all the chelates used in their experi-
ment did not alleviate chlorosis on soybeans, they tended to make soil
iron more available for plants, Wallace et al. (79) noted that the iron
chelates EDTA, HEEDTA, and CDTA ﬁere mildly toxic ‘ito bean plants. They
believed that the toxicity was due to factors other than the iron content
because the leaves of plants treated with the chelate "Féw138" (aromatic
polyaminocarboxylic acid, APCA) were higher in iron and exibited no chlo-

rosise.
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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 molecule is absorbed by plantse. 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
Punctions of Manganese in Plant Nutrition

According to Russell (6li) manganese is an invarible constituent
of plants, Manganese has been shoﬁn to play numerous roles in the
normal production of plants (28, L8, L9, 50, 65). McHargue (50) found
direct evidence that manganese has a function to perform in the forma-
tion of chlorophyll, photosynthesis and possibly in the synthesis of
proteins in the plant. He'alsa épggested that manganese functions
in the production and secrétionIOf enzymes, hormones, and Vitaming,
Gerrgtsen (27) reported that manganese plays an important p@le in the
oxid;tion—reduction processes associated with photosynthesis in plants,.
Hé also notéd that manganese was associated_with carbon diéiide assim=
ilation énd that lower aMOﬁhts“of manganeée in the plants caused a
redubtioﬁ in the aréa of ‘the root system, yield, and resistance tb root
invading organisms. Mﬁldef'éﬁd Gerretsen (55) stated that manganese
was an activator of some ehzymatic reactions associated with carbohy-
drate and nitrogen metabolism. Leeper (41) concluded that manéénése
 deficiencies caused an édcﬁmulétiﬁn of nitrates and McHargue (50) ré;
portéd that manganese funétiéns iﬁ the reproductive processés 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 forms 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. Fujimoto
and Sherman (25) listed several factors that affect the supply of avail-
able manganese in the soil, They:stated that high temperatures, high
moisturé‘levels, re%pctionuof pH and addition of reducing agents tends
to increase the avai%abiliﬂy of manganese, Snider (71) believed that
the seasons of the year and the state of composition of manganese com-
pounds wére more important in manganese absorption. He maiﬁtqined that
in the spring, manganese compounds were in the reduced state and were ﬂ
available for plant growth, Later in the year;xmanganese compounds be-
came more fully oxidized and weré unavailable causing a manganese defi-
ciency in plants grown on the soil,

According to McHargue (L7) manganese may be made unavailable in
some soils by the addition of an excess of basic materials such as ealcium
carbonate, Schmehl et al. (66) concluded that additions of liming mate-
rials to acid soils caused‘a reduced availability of manganese and Hewitt
(32) suggested that there was an antagonistic effect between levels of
calcium and the uptake of manganese. With additioné of calcium sulfate
in sand cultures there was a decrease in manéaﬁese content of the plants.
Swanback (76) stated that manganese depressed the absorption and utili-
zation of calcium at low levels of calcium supply, while at high levels
of calcium the absorption and utilization of manganese were reduced. In
contrast with these findings, Morris and Pierre (53) were unable to correct
manganese toxicity of lespedeza grown in solution cultures by the addition

of caleium. Bortner (9) reported that additions of phosphate decreased
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the available manganese in soils énd Morris (52) found lower concentra-
tions of manganese in sweet clovef and lespedeza as a result of addit;ons
of phosphate fertilizers. Beeson et al. (5) concluded that high léﬁéis
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 phosphate
supplye

Wallace (81) believed that level of pH and organic matter content of
soils are the most important factors affecting the availability éf man-
ganese., Maclachlan (45) bserved that manganese deficiencies often occur
on soils high in organic matter while Samuel and Piper (65) found that
the presence of organic matter pléyed no part in manganese deficiency
symptoms of oats, Gerretsen (27), stated that manganese deficiencies were
not only caused by a lack of manganese in the soil, but also by the preén
ence of certain bacteria which attack the roots of the plants and caused
a decreased absorption of the eleﬁent'by the plant, This view was sub-
stantiated by Quastellet al. (62)* who suggested that mangénese was con=

verted to uwnavailable forms by the activity of soil microorganisms,
Sources of Manganese for Plants

Manganese deficiencies have been corrected in a number of wayse
Gerretsen (27) reported that formalin has been used to treat the soil
and has prévented the appearance of manganese deficiencies. He believed
that the formalin caused an increase in root surface which improved the
ability of the plant to absorb mahganese. Bussell (6l4) related that
additions of manganese sulfate to the séil has prevented manganese defi-

ciencies on many crops. However, in some conditions manganese sulfate
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would not correct manganese deficiencies because the manganese was con=
verted to an unavailable form in the soil, Maclachlan (45) énd 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 with solu-
tions of 0.2 to 0.5 percentrmanganese sulfate seemed to be the most eco-

nomical and effective way to correct manganese deficiencies.

Iron-Manganese Relationships in FPlant Nutrition

Since the discovery by McGeorge (L6) 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. ‘Thay believed that there was no difference
between manganese toxicity and iron deficieﬁcy or manganese defieiency
and iron toxicity. However, the work of Morris and Pierre (5h4), Berger
and Gerloff (7), Lohnis (44), Ouellette (58) and Hewitt (32) did not
substantiate this idea, OSomers and Shive (72) reported that the ratio
of iron to manganese should be about 1.5 to 2,5 to assure optimal plant
growth. In contrast, Ouellette (58) working with soybeans grown in

stated that the ratio between iron and manganese was

nutrient cultures,
unimportant. In agreement, Carlson and Olson (16), Bennett (6).and

Nicholas (56) concluded that the ratio between iron and manganese was
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not the critical factor in the prbduction of chlorosis, They believed
that the absolute levels of the available iron and manganese was the
most important factor in produéing deficiencies of either element., Sidéris
and Young (69) in their study of pineapples grown in nutrient cultures,‘
found that the absorption of iron and manganese was directly related to
the levels of supply. Lohnis (hh) in her extensive studies on manganese
tbxicity' did not observe a beneficial effect of applied ferrous sulfate
treatments on manganese :Lngured plants, except, when the manganese :.n,jured
planj?s were grown at high temperatureso ‘I'h:.s temperature factor may ex-
plain much of the controvefsy among various workers as to the ‘relations
between iron and mang anese. , | |

‘ IGerretsen (28) advanced; a pqssible explanation of thé ‘inte'rdependehce
of A,‘bhe iron and manganese cgntentfs; of the plant for Optimqm growth and
chlorophyll pr'oduction.ﬁ Her'sta!ted that an excess bf manganese in the
presenée of low iron supply Wouid incfease the photo-oxidation o-f protein
protectors of chlorophyll and cause the bleachmg of chlorophyll. This
view on the complementary ox:Ldatn.on-reduct:Lon ei‘fect has not been con=
:E'lrmed, but it does offer an eJ;planat:.on for ’che mutual anatagonlsm oi‘

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 hutrientz solution culture studies.
According to Miller (51) the earllest recorded experiment with water |
cultuz'es was conducted by Woodward in 1699 who grew spearmint in various
water sources tq detexmine 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 nourishment of plants. Various solutions
have been proposed for nutrient culture studies (33), From the beginning
of nutrient culture work, investigators have clearly recognized that the
cbmposition of a givgn nutrient solution was not superior to every other
éompcsition (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 which 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 were suitable containers for nutrient culture studies
while Hoagland and Arnon (33) stated that one or two-quart fruit jars or
five to ten—géllon eartherware jars could»be used suecessfully., Fdr sat-
isfactory growth in nutrient cultures some means of renewing the solutions
to maintain a better nutrient balance séems necessary., Allison and Shive
(2) found that soybeans grown in cultures with a continous renewal of
solutions were always superior to plants grown in cultures with intermit-
tent renewal of solutions. Brenchley (11), also noted that barley and
wheat seedlings gave a marked indfeasé in grthh in solutions that were
changed frequently., Gericke and Tavernetti (26) stated that heating the
nutrient solution would produce large increases in‘the growth and yield
of tomatoes, but the work of Arnon and Hoagland &h) did not substantiate
this experiment. Arnon and Hoagland (L) concluded from an experﬁnént
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 (13) reported that aeration of the water cultures had a marked

effect 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, Armon
and Hoagland (L) stated that tomato plants grown in aerated solutions gave -
significant improvement in growth and yields as compared to plants grown

in noneaerated culturese.



ITI 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 dnd 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 j;he iron and manganese contén‘bs !of the
soils as well as the plants. The nutrient cuiture phase was conducted
to observe and record the symp’co?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 this study were a Mclain loam from the Cote-
ton Experiment Station at Chickasha, Oklahoma and the Brownfield soil
from the Sam Holmberg farm at,Erick, Oklahoma. Two_bulk samples of each
soil, one from an area ex:i‘.biting“ no chlorosis and one from an area show-
ing chlorosis, were brought to the greenhouse, Samples of the McLain
loam exibiting no chlorosis and 1showing chlorosis will hereafter be re=
ferred to as soil A and soil B, respectively. In the same order, the |
Brownfield soil will be désignatgd sbil C and soil D,

The Brownfield seriesl is comprised of loose sandy soils with red-

dish friable subsoils and no zone of carbonate accumulation, This series

lEstab?ll‘.is‘hedFS«szries Division of Soil Survey, BPISAE, ARA, USDA,
Unpublished data.
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occupies undulating to billowy uplend on the high plains of Texas and
adjoining states. Drainaée is free both externally and ‘internaily.
The native vegetatlon lS composed chiefly of shin oak and coarse grassés
(largely little bluestem and sand dropseed) with some scattered sand

sage and yucca. In some places » black grama, hairy grama and tm.ple awn
gfeeees occur extens:.vely. These soils are used largely for grazing, bu"b
some areas are farmed ch:.efly to corn, cotton, grain sorghums and other
feed crops. These soils are very drought res:.stant, but are susceptlble

to wind erosion and fertility is depleted very rapldly

" “The Mclain seriesl is a youthful Reddish Prairie soil developed on
reddish calcareous alluvium, This series occup;i.es leve']'.:.ve:t‘z*earn' 'tefraces
lyJ.ng S to 20 feet above t.he present flood plain along the Washlta,
Canad:.an and Red Rlvers.' 'I'hese so:ls ‘have distinct color prof:.les and
have the free carbonates removed to a depth of several ifeet, but they'
lack a distinct textural p"rofi]'.‘e‘.ﬂ Surface drainage is slow. Internal ‘;
drainage is moderate but .'LS very favorable 'fo‘r crop growths These soi;s
were originally forested with oak, elm, pecan, hackberry and e.sb but
have been cleared for culﬁi#ati}ifop. The chief crops grown on the.s'e’ eoﬁs
are corn, cotton, aILfalfa_, Smali greins, sorghums and broomcorn. These

50ils are very fertile and are highly productive.,
Greenhouse .l?roeedure and Soil; Treatments .

Two-»gallon, glazed, non—porous pots were used. Each\pot wazs ‘thor-
oughly washed and rinsed with d:.stn_'l.led water. The dra:_n holes were closed

w:.th rubber stoppers and 8,500 grams of SOll were placed 1n each pot.

lExtablished Serles » Division of Soil Survey, BPISAE, ARA, USDA
Unpublished data.
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After studying the analyses oi‘ the soils, it was decided that appli-
cations of nitrogen, phosphorus a.na potassium were necessary to prevent
them from becoming a limiting factor. Analytical grade salts of ammonium
nitrate, mono-calcium phosphate and potassium chloride were psgd in making
the solutions for N, P and K applications. Enough of each soiﬁtion waé
applied in cross-hatch bands three inches below the surface in e’sach pot
to bring the N, P and K to an optimum level. These basal applications.
were applied approximately one week before the date of seeding.

In this experiment there were eight treatments with three zfeplica-
tions of each treatment. ‘Both chemical and physical treatments were
used. The treatments and rates ;:f application are given in Table I,

The compacted layer used in: treatments 7 and 8 was synthesized by -
removing 6 inches of soil’frqm_tjhe pots and placing a sheet of Wéxed '
paper over the remaining soil. Then a 2 inch layer of soil was put om
the waxed paper, Wetted‘with_distilled water and packed with a ﬁampjng;
trod about three inches in diame‘bér. Another sheet of waxed papér 'ﬁavs |
placed over this layer to retain: as much moisture as possible in the
wetted zone., The remainder of the soil was returned to the pots- and af=-
ter U8 hours, the top L inches of soil plus the piece of waxed péper were
remaved. The compacted zone was again wetted, packed and dried, This
step was repeate.d three times to insure the formation of a.dense‘ pan.
After drying and hardening, the top four inches of soil were returned to
the pots and the other steps in I'bhe procedure were. carried on.

The chemical treatmehﬁs 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 pianted without direct contact of the

fertilizer salts.



TABLE I

TREATMENTS USED IN GREENHOUSE POT STUDIES
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NUMBER TREATMENT RATE OF APPLICATION (1bs./A.)
1 Check
2 Minor element mixture
Fe as FeSQ).THp0 21.6
Mn as MnS0), ,Ho0 21.6
B as NapB .EHZO 4.0
Zn as ZnS0),.7H,0 1.5
Cu as CuSQ), 45Hy0 1.5
Mo as HpMoO), 0.5
3 Chelated iron (HEEDTA) 21l.6
N=hydroxyethylethylenediamine=-
triacetic acid
L Manganese  as MnSQ) +H,0 21.6
Chelated iron (HEEDTA) 21.6
5 Iron as FeSQ)47TH,0 21.6
Manganese as MnSO),4Hp0 21,6
6 Iron as FeS0),THpO 21.6
Manganese as MnSO}, +Ho0 21,6
(Spray applicationg
7 Compacted layer plus chelated 21.6
iron (HEEDTA)
8 Compacted layer




21

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 wereharranged in a randomized
block design along the east bench in the green@ouse. .To eliminate light
and temperature differences, the blocks were rotated every two weeks,
When a complete stand was assured, the cotton plants were thinned to' three
per pot. Distilled water was used to water'thé cultures throughout the
experiment. On May 28, 1956, the cottonnbolls)were harvested and yield
Weights were recorded. The yields were anélyzgd statistically according

to the methods of Snedecor (70) and Duncan (222.

Laboratory Tests

Initially, the four soils were characterized by chemical and physical
analyses., & sufficient quantity of each soil was air-dried and then proc-
éssed by crushing the soil aggregates wiﬁh a b;ass roller and sieving
£hfough a 20 mesh screen. Determination of thé soil texture was made by
the Bouyoucos hydrometer method using a 100 gram sample (10)e The reac-
tion of the soil was measured with the Begkmaﬁ-glass electrode pH meter
using the procedure outlined by Peech and English (go). The organic
matter content and total nitrogen were determined by the methods of Piper
(61). Available phosphorus and available potassium were run according to
the methods outlined by Harper (31). The cation exchange capacity and
total exchangeable bases were measured by the 4.0.A.C. methods (L3), Ex-
changeable calcium'andlnagnésium were détérminéd’withﬁghé?éeékﬁaﬁ“qﬁéfﬁif“"
spectrophotometer, Avéilable iron and manganese were determined essen-

tially by the methods of Peech and English (60) which were modified for
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use with the Cenco photelometer, T:hese procedures used sodium acetate
e}s the extracting agent. The amount of iron wa_is measured by developing
the color with ortho-phenanthroline and ‘the amoéunt of manganese was
determined by developing the color with sodium bismuthate. Peech and
Englis}_l believed that this method measured the exchangeable and water
soluble forms which were available for plant use, The results of these
é.nalyses are shown in Table II, |

At the conclusion of the greenhouse expér:i;nent, soil'sarnpleé were
taken with a hand probe from each pot which received an iron or man-
ganese treatment. These samples were taken to the laboraﬁqzjr, ‘airv-dried
and processed for analysis. Available iron and manganese i;ere de’pemined
by  the methéds of Peeéh and English (60) which were modii‘ied for'use. with
the Cenco photelometer.

Plant samples from both the pot and nutrient culture experiments
were prepared fér analysis by thoroughly Washiﬁg with distilled Waterb
and drying in a forced-draft oven at 65°C. These samples were, then ground
in a silica ball mill to prevent iron contaminétién. Each sample was
ashed with a 3:1 nitric-.-‘pe:ré_h;o‘ric“év.cid mixture and diluted to 100 mil-
liliters., Iron and mang_a;;esej,,ZWéféA’determined e%écoiﬁing tq the methods |
of Toth et al, '(77). Iron was measured by devgloping the color with
ortho-pliénanthroline and reading the percent ‘lj:.ght transmission W:.th a
Genco photelometer, Manganese was determined by developing the color
ﬁith potassium periodate and measuring the light transmissioh with the

Fisher colorimeter.



TABLE II

ANALYSES OF THE FOUR SOILS USED IN THE
GREENHOUSE POT STUDIES
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ANALYSTS

SOIL D

SO0IL A SO0IL B SOIL C
Mechanical Analysis Wi 5% Sand  U48,5% Sand  8L4.75% Sand 90.5% Sand
38.25% Silt 36.5% Silt  6.45% Silt  3.7% Silt
17.25% Clay 15.0% Clay  8.80% Clay  5.8% Clay

Textural -Class Loam Loam Loamy Sand - -Sand

Soil Reaction (pH) 643 6.9 -~ 643 6.5
Percent Organic Matter 1.51 1.76 0.146 0.32

Percent Total Nitrogen 0.07 0,07 0,02 0.02
Cation Exchange Capacity 9.8 10,4 L,8 3.3
(meeo/100 grams) ) . . .

TOtal Exchangeable Bases 8.35 9,10 )i.OL 2.34
(mee./100 grams) -

Exchangeable K .88 .99 .35 «20
(m.eo/100 grams)

Exchangeable Mg 2.3 2,79 1.10 .78
{(mee+/100 grams)

Exchéngeable Ca .09 Loi3 1.89 1.30
:gm,e./loo grams)

Available P 7243 7847 5.8 o
(lbs. per acre)

Available Fe 5.1 1.3 3.3 Lk
{(1bs. per acre)

Available Mn 70 78 L0.5 L5

(1bs. per acre)
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Nutrient Soiution 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. The

- following stock solutions were used for preparing the various nutrient

solutions.
(1)
(2)
(3)
(L)
(5)
(6)
(7)
(8)
(9)

(10)

(11)

1.0 Molar calcium nitrate (Ca(NQ3)2.hH20).

0.05 Molar mono-calcium phosphate (Ca(HgPOh)Q).

NO;Ol Molar calcium sulfate (CaSOh:éoluble anhydrité).

1.0 Molar potassium nitrate (KNO3);
1.0 Molar p&tassium di-hydrogen phosphate (KHoPO))e

0.5 Molar potassium sulfate (KpS0)).

‘1,0 Molar magnesium sulfate (Mggoh;7H2O).

1.0 Molar ammonium di-hydrogen phosﬁhate (NH),HoPO),) o

Minor element mlxture ofs
boric acid (H3BO ; 2 86 gms./llter.
manganese chlornge (MnCl JLH20) . 1.81 gms ./liter,

zinc sulfate (ZnSﬁg.?H 0422 gms./liter,
copper sulfate (C §H20) 0408 gins./liter,
molybdic acid (HQMbOh , 0,02 gms./liter.

Minor element mixture (same as above except without man=-
ganese). .

0.5% iron éoluti@n‘made from an iron chelate (N-hydroxy-
ethylethlylenediaminetriacetic acid, HEEDTA),

The nutrient solutions were made according to the directions given

pyﬂHdégland and Arnon (33); -There were eight different solutions used

with four replications of each treatment. The treatments are given in

Table III,

The solution containers were'three-liter, glass battery jars which

had ‘Been reinforced witi sheet aluminum and painted on the 6utside with
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aluminum paint to eliminate as much light as possible, The containers
were covered with one-half inch plywood covers to prevent as much contam-

ination as possible,
TABLE III

TREATMENTS USED IN NUTRIENT SOLUTION CULTURES

Treatment No. Treatment

1 Complete

2 Minus Nitrogen

' Miqus Potassium
Miﬁus'fhésphorus
Miqus Calcium
,MiduS‘Magnesium

Minus Manganese

o N O vl =W

Minus Iron

Healthy plants for the cultures were obtained by starting the seed-
lings in silica sand., First attempts to start seedlings in vermiculite
were futile due to heavy seedling disease infeqtions even though‘the seeds
were treated., Although the process for making vermiculite is essentially
a sterilization process, the handling and bagging methods émplcyed prob-

- ably permits excessive contamination. After one week, the plants started
in the silica sand were about three inches_high and appeared to be growing
normally, Plants with two good cotyledon leaves were selected for trans-
fer to the mutrient cultures. On March 29, 1956, the stems of the desired
plants were wrapped with glass wool and suspended through the plywood cov-

ers into the nutrient solution containers,
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The nutrient solutions were aerated by means of a small air compres-

sor ﬁhich pumped air through a series of rubber and glass tubing, which
is illustrated in Figure l. Aeration was first attempted through extrac-
tion thimbles, but this method proved unsatisfactory. 'A‘ three inch piece
of 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 switche The
switch was set for 75 minute time intervals, thus, the solﬁtions Were aer-
ated for 75 minutes followed by a 75 minute res?b period.'N

All cultures were Tchanged at weekly intervals for the first four
weeks and twice weekly for the remainder of the study in order to main-
i;ain a better lonic Balance among the nutrienté, The pH wags checked and
adjusfed daily to a valﬁew of 6¢Oto 6.8“;1sing‘ éiternal indicators. The
pHv of most of the solutié;is shlfted contj_nously. Some solutions became
écid in 24 hours while others y’m;;-ne.d‘ Basic. Only a few solutigns remained
:i_jcgj_’ohe neutral range. |

Daily observations were made. and pictures were taken periodically
to record any deficiencies that occurred. The plants were grown in the
nutrient solutions f_o:b a period of two months., ’ Dui-ing the later part of
May, the 'piants began to wilt even though the battery jars contained a
sufficient amount of solljrb:ih.on. The eJCpefjJnent was terminated on May 28,

1956, because of the extreme temperatures in the greenhouse,
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Fig. 1. Aeration system of the nutrient solution cultures,



IV RESULTS AND DISCUSSION

Greenhouse Pot Studies

Effect of all Soils on Cotton Yields

The yields of cotton grown on four soils in the greenhouse are
found in Table V, These data indicated that there was a difference
among soils. The analysis of variance test showed that the total
yields of cotton displayed a difference 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 prdbability level, given
in Table VII, indicated a significant difference between each soil,
Cotton yields on soil D were significantly higher than the yields on
the other three 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 same area. Confidence intervals for
the true difference between soils at the 5'percenp probability level
are shown in TaBle v,

TABLE IV

CONFIDENCE INTERVALS (5% P-level) FOR
THE TRUE DIFFERENCE BETWEEN SOILS

Soils Lower Limit : - Upper Limit
Soil D minus Soil C .8554 2.3206
Soil D minus Soil B 2.L05) 3.8706
S0il D minus Soil A 3.L92} 11,9576
Soil € minus Soil B - 817U 2.2826
Soil C minus Soil A 1.904L 343696
Soil B minus Soil 4 «35kLk 1.8196

28
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TABLE V

THE EFFECT OF VARIOUS TREATMENTS ON GOTTON YIELDS
(Expressed in grams per pot) OBTAINED FROM FOUR
SOILS IN THE GREENHOUSE

o e Soils L -

Treatments n B . o] . D TOTALS

1 25.h% 29.9 23,5 36.0 114.8

2 25.0 25, u 17.9 23.4 91,7

3 2k, 6 29.8 2746 28,9 110.9

""4 2201 '5003 . 2607 3009 11000

5 2L,6 1842 224 - 2663 91.5

6 17.8 2942 276 20,2 9L.8

7 17.6 11.7 19.h 26,1 The8

8 19,4 23,1 20,1 18.5 81.1
Totals 17665 197.6 185,2 210,3

#Bach figure represents an average of three plants per pot and an aver-
age of three replications,

Key to Treatments

1, Check

2. Minor-element mixture,
21.6 #/A. of Fe as FeSOu.?HéO
21.6 #/As of Mn as MnSO),.
_ .0 i/ . of B as NasB Te EHQO
1.5 #/A, of Cu as CuS ), 0 5Hp O
1.5 #/A. of Zn as ZnS0),,THo0
0.5 #/A, of Mo as HZMO%h

3. 21.6 #/A, of Chelated Iron (HEEDTA)
o 21.6 #/As of Mn as MnSQ).HyO + 21,6 #/A, Chelated Iron (HEEDTA)
5. 21.6 #/A. of Mn as MnSOj.Hy0 + 21.6 #/A, Fe as FeS0)4THy0.

6o 21,6 #/A, of Mn as MnS0),.Hy0 + 21,6 #/A. Fe as FeS0).THy0 (Spray
Application).

7o Compacted Layer + 21,6 #/A. of Chelated Iron (HEEDTA)

8. Compacted Layer
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TABLE VI

ANALYSIS OF VARIANCE OF COTTON YIELDS OBTAINED
FROM FOUR SOILS IN THE GREENHOUSE

Source defe SeSe M.S. F.

Total 93 52L.01

Block 2 60,58

Total Treatments 31 270,20 8.7161 2. 706l
Soils 3 27.17 9.0566 2.8121%
Treatments 7 123,56 17.651k4 5.4809%%
Soils x Treatments 21 119,47 5.6890 1, 7664

Error 60 193.23 3.2205

¥Indicates significance at the 5% level of confidence.
s Indicates significance at the 1% level of confidence,



TABLE VII

A MULTIPLE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCES IN COTTON
~ YIELDS DUE TO THE EFFECT OF SOILS IN THE GREENHOUSE

A, Standard Error of Mean: Tror Hean Square = ,3663 (def. = 60)
» No. of items in Soils . )

B. Shortest Significant Ranges:

' Range: (@ (3) ()
(5% level) P = 2,83 2,98 3,08

RP = 1,036 1.092 1,128

Soils: A B C D
Means Ranked in Orders 22,063 23,150 24,700 26,288

Note: Any two means not underscored by the same line are significantly different.
Any two means underscored by the same line are not significantly different.
A solid line underscore indicates a similarity of soils at the 5% probability level,

T€



These confidence intervals depicted more difference between soil
C and soil D than between soil A and soil B, The true difference be-
tween soil A and Soil B was less than any other two soils in this ex-
periment,

Effect of Trea@ments on Cotton Yields
Obtained from Individual Seoils

The yield data in Table V indicated a difference among the effects
of treatments on the differenﬁrsoils. From these data, an individual
analysis of each soil seemed justifiable., The analysis of variance test
of the treatments on soil A gavé no significant difference in cotton
yields among the treatments (Table VIII), The analysis of variance test
on soil B found in Table IX diselased §ignificant differences in treat-
ments at the 1 percent level of confidence., The multiple range test
showed that the check, chelated iron, chelated iron plus manganese, and
the inorganic iron plus manganeéei(spray application) treatments were
similar at the 5 percent level of confidence (Table X)» The chelated
iron plus manganese treatment was slightly better than the check, che-
lated iron and inorganic iron plﬁs manganese (spray application) treat
megys, At the 1 pereent level of confidence the check, minor element
migtureg chelated iren, chelated iron plus manganese, and inorganic iron
plué manganese (spray application) treated pots were similar, The minor
element mixture and compa¢ped layer treatments were similar at the 5 per-
cent level of confidence and:ﬂergisignificantly lower then the chelated
iron plus manganese, check. chelated iron and inorganic iron plus mangae=
nese (spray application) treatments., The inewganic iron'piﬁs manganese
and compacted layer plus chélated'iron treated pots were significantly
different at the 1 percent level of confidence and were significantly

lower than all other treatmentse



TABLE VIII

ANALYSIS OF VARIANCE OF COTTON YIELDS SHOWING
THE EFFECT OF TREATMENTS ON SOIL A

Source dafe S.8. M.S. F.
Total 23 108,24
Blocks 2 L5.51
Treatments T 25,90 37057 1.8172
Error 1l 28.55 2,0392
TARLE IX
ANALYSIS OF VARIANCE OF COTTON YIELDS SHOWING

‘THE EFFECT OF TREATMENTS ON SOIL B
Source d.f. S.8. M.S. " F.
Total 23 155,25
Blocks 2 1,10
Treatments 7 106,32 15,1885 Ly Ly 573
Error 1 L7.83 3.416L
weIndicates

significance at the 1% level of confidence,
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TABLE X

A MULTIPLE RANGE TEST OF COTTON YIELDS SHOWING
THE EFFECT OF TREATMENTS ON SOIL B

A. Standard Error of Mean: %.gﬂ% = 1,06715 (dof. = 1L)

B. Shortest Signifigaii‘t; Ranges:

Range (2) ‘ (3) (L) (5) (6) (7) (8)

" (5% level) P =3.,03  3.18 3.27 - 3.33 - 3.37 3,39 3.1
RP = 3.2335 3.,3935  3.4896 3.5536 3.5963  3.6176 3.6390

(1% level) P = L.21 L2 .55 Le63 L.70 .78 .83
: RP = L.Lb927 hL,7168 18555 L9409 5.0156 5.1010 5.1543

Ce Resultsﬂz

Treatments: - 7 5 8 2 6 3 1 L

Means Ranked in Order: 1,7 18,2 23.1 25.4 29,2 - 29,8 29.9 3043

— s M e o e - e —— — e S e S e o — e G e e -

Note: Any two means not underscored by the same line are significantly different,
Any two means underscored by the same line are not significantly different.
A so0lid line underscore indicates similarity at the 5% probability level.
A broken line underscore indicates similarity at the 1% probability level,

L3
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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
confidence, 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 were
significantly better than all other treatments (Table XIII).‘ The check
and inorganic iron plus manganese treatments were similar and were sig-
nificantly better than the minor element mixture, compacted layer plus
chelated iron and compacted layer treatments. The compécted layer plus
chelated iron, compacted layer, and minor element mixture treated pots
were similar and were significantly lower than all other treaiments,
The analysis of variance, on soil D gave significant differences among
treatments at the 5 percent level of confidence (Table XII). The mul-
tiple range test in Table XIV showed that the check pots were signifie-
cantly better than all other treatments. The chelated iron and chélated
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 inorganic iron plus manganese and com-
pacted layer plus cheiated ironytreated pots were similar, but thé che-
lated iron and compacted layer plus chelated iron were significaﬁtly
dii’fere’n‘bo The minor element mixture and compacted layer plus chelated
iron treatments were simiiar and were better than the inorganic irénrblus

manganese (spray application) and compacted layer treatments.
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TABLE XI

ANALYSIS OF VARIANCE OF COTTON YIELDS SHOWING
THE EFFECT OF TREATMENTS ON SOIL C

Source d.f. S.5. M.S. F.
Total 23 117.57

Blocks 2 59.36

Treatments 7 34.60 h.9428 2,9309*
Error 1 23.61 1.686L

#Indicates significance at the 5% level of confidence,

TABLE XII

ANALYSIS OF VARIANCE OF COTTON YIELDS SHOWING
THE EFFECT OF TREATMENTS ON SOIL D

Source d;f. S.5. M.S. F,
Total 23 115.78 |

Blocks 2 L9 .

Treatments 7 76417 10,881k 3.8942%
Exror i 39.12 | 2.%9&2

#Indicates significance at the 5% level of confidence.



TABLE XTIT

A MULTIPLE RANGE TEST OF COTTON YIELDS SHOWING
THE EFFECT OF TREATMENTS ON SOIL €

A, Standard Error of Means | /\/Ermr Mean Square o= GTW973 (defe = 1)

No, of items in Soils

B. Shortest Significant Ranges:

Range (2). - (3) (k) (5) (6) (7) (8)

(5% level) P = 3.03 3.18 3.27 ~  3.33 3.37 339 3.4
RP = 2.2717  2.,3841  2.4516 2.L966 2.5266  2.5416 2.5566

Co Results:

Treatmentss 2 7 8 5 1 L 3 6
Means Ranked in Order:  17.9 19.4 20,1 22,k 23.5 26,7 27.6 27.6

Tote:

Ay two means not underscored by the same line are significantly different,
Any two means underscored by the same line are not significantly different.
A solid line underscore indicates similarity at the 5% probability level.

LE



TABLE XIV

A MULTIPLE RANGE TEST OF COTTON YIELDS SHOWING
THE EFFECTS OF TREATMENTS ON SOIL D

/Error Mean Square = 9651 (defe = 1L)

A. Standard BError of Mean: 1
= — “N No, of iftems in S~iie~

B. Shortest Significant Rangess

%

Range = (2) (3) (L) (5) (6) (8)
(5% level) P = 3,03 3,18 3.27 3.33 3.37 13.39 3.1
RP = 2,9243  3.0690  3,1559 3.2138 3e252L 33,2717 3.2910
Treatmentss 8 6 2 7 5 3 L 1
Means Ranked in:Order:: ‘iB.sS 20,2 234 26.1 26.3 28,9 30.9 - - 36.0

Note: Any two means not underscored by the same line are significanﬁly Jifferent,
Any two means underscored by the same line are not significantly different.
A solid line underscore indicates similarity at the 5% probability level,

g€
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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 wercent level of confidence, The multiple range test, showed
the significant differeﬁces 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 li) 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 mikture
treatments produced cotton yields which were not significantly different
at the 1 percent level of confidence, but all of them were significantly
lower than the check, The compaqted layer plus chelated iron treated
pots were significantly lower iﬁ yields than the compacted layer treate
ment at the 5 percent level of confidence, but were not significantly
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 true difference between s;gnificantly different

treatments at the 1 percent probability level arefgiven in Table XV,

TABLE XV

CONFIDENCE INTERVALS (1% P-level) FOR THE TRUE DIFFERENCE
BETWEEN SIGNIFICANTLY DIFFERENT TREATMENTS

Treatments Lower Limit . Upper Limit
Treatment 3 minus Treatment 7 746471 10.L029
Treatment i minus Treatment 6 2.4221 51779
Treatment I minus Treatment 5 3,271 60029
Treatment 1 minus Treatment 5 Lo hili7d 742029

Treatment 5 minus Treatment 8 1.2221 39779




TABLE XVI

A MULTTIPLE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCES IN
.COTTON YIELDS DUE TO THE EFFECT QF TREATMENTS

A, Standard Error of Mean: ’N/EifoifMiizmiqgi?zreatments = ,5180 (d.f. = 60)

P,

B. Shortest Significant Ranges:

Range (2) (3) (L) (5) (6) (1) (8)
(5% level) P = 2,83 2.98 3,08 31k 3.20 3.24 3.28
RP = 1.L66 1.54kL 1.595 1.627 1.658 1.678 1,699
(1% 1evel) P = 3076 3.92 heOB 13-0-1-2 helT he23 haz?
RP % 1.948 2,031 2.087 2.13L 2.160 2,191 2,212
C. Results:
Treatments: 7 7 8 5 2 6 L 3 1

Means Ranked in Orders: 18,700 20,275 22,875 22,925 23,700 27.500 27.725 28,700

e e e e e R

- Note: Any two means not underscored by bthe same line are significantly different.
' Any two means underscored by the same line are not significantly different.

A so0lid line underscore indicates similarity at the 5% probability level.

A broken line underscore indicates similarity at the 1% probability level,

o7
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These confidence intervals indicated that: there was less difference
between the inorganic iron plus manganese and compacted layer treatments
than any others which were comparea. 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 1limits for significant differences, even at the 1 percent level of

confidence.

Laboratory Tests .

Effect of Treatments on the Iron Content
of Soils and Plants

The available iron content of the soils (before and after cropping)
used in the greenhouse pot studies is shown in Table XVII, The value
for the available ix;n content of the soils before cropping was composed
of the native avaiiable iron plus 21.6 pounds per acre added in the dif-
ferent treatments. The native available iron content of soil A, B,LC,
and D was 5.1, 1.3, 3.3 and 1.L pounds per acre, respectively. The
iron amendments caused only a slight variation in the available iron
content of each soil after cropping. The soils which were higher in
gvailable iron at the beginning of the study were alse the highest at
the temination of the experiment. The theoretical fixation of iron was
slightly lower on the chelated iron treatment, The theoretical amount
of dron released on the check pots was approximately'equal to the émouﬁt
absorbed by the plants and was slightly greater on the chlorotic soils
than on the non-chlorotic soils. The chelated iron and incrganic iron

plus manganese (spray application) treatments resulted in slightly
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TABLE XVII

EFFECT OF TREATMENTS ON THE IRON CONTENT
(Expressed in pounds per &acre)
OF SO0ILS AND PLANTS

Before Crop Theoretical  After  Theoretical
Treatment _ “ropping Removal  Difference  Cropping Fixation

onl 26,7 7.8 18,9 3.0 15.9
34 2647 13,3 13.h L5 849
LA 26,7 7okt 19,3 3.8 15.5
SA 26.7 90)-1- l? 03 3-0 1)403
7A 26.7 9oll- 1? 03 Ll-ol 1302
2B 22,9 Te3 15.6 2.2 13.4
3B 22.9 12,3 10.6 3.0 Teb
LB 22,9 748 15,1 2,2 12.9
5B 22,9 962 13,7 2.1 11.6
7B 22,9 10,0 12,9 2.9 10,0
20 24,9 Teb 17.3 3.2 L.l
30 2).].99‘ 1.205 lzch. h.h. 800
LC 2.9 Te2 17.7 Lol 13.6
5C 2L, 9 849 16,0 2,6 13,4
7C ) 2L|‘o9 902 15 07 )-1«7 11,0
2D 23,0 To3 157 249 12,8
3D 23,0 12,1 10,9 2,9 8.0
LD ‘23,0 To5 15.5 3.1 12.l
5D 23.0 8.7 1,3 3.0 11,3
™ 23,0 9.1 13.9 3.6 10.3

lNumbers designate treatments and letters designate soils.
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higher uptake of iron by the plants. When manganese was supplied in ad-
dition to iron, 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 P}ants
The available manganese content of the soils, before and after
crepping in the greenhouse, is given in Table XVIII, The available 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 manganese (spray
application) treatments had an addition of 21.6 pounds of manganese per
acre, The native available'manganése for soil A, B, € and D was T70.0,
7840, 40.5 and 45.0 pounds per:acres respectively, The available mane-
ganese content of the soils after cropping showed only small variations
due to the effect of treatments, There was no trend established for any
particular treatment on the soils. The theoretical fixation 6f menganese
was greater when manganese was added at the beginning of the experiment.
| The greatest amount of fixation occurred on soil B, The compacted layer
plus chelated iron treatment resulted in slightly higher uptake of mane
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 plantse
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TABLE XVIII

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

Before  Crop  Theoretical After “Theoretical
Treatment Cropping Removal Difference Cropping Fixation or Releasei
onl 91.6 162 87.4 730 <lluk
3A 70,0 5e2 6l,8 69.0 L2
LA 91.6 5.8 85.8 59.0 -26,8
5A 91.6 6ol 85,5 - 58,0 -2745
TA 70.0 6.9 63.1 T 59.7 - 3.
2B 99-6 l—!—oz 950}4 )-1»103 "'Sb-ol
3B 78,0 6.0 72,0 34.0 -38.0
4B 99.6 3.8 95.8 Lo.7 -55,1
5B 99 .6 Te3 92,3 31.7 6046
7B 78.0 8.8 69.2 L6 7 -22,5
2C 62,1 562 5649 39.3 =17.6
3C 10,5 665 34,0 38,7 4,7
L[.C 62-1 308 5803 h503 “‘1300
SC 62»1 5«7 56'0)4- h903 - 701
7C 10,5 769 32,6 40,3 Te7
2D 6606 ho? 6109 3603 "2506
3D L5.0 648 38.2 39.0 .8
Ll.D 66.6 )4-02 62.1[. h?.? "'MO?
5D 66,6 5.9 60,7 L8.0 -12.7
7D 45,0 765 37.5 38.3 o8

# A negative sign indicates the amount of fixation.

lyumbers designate treatments and letters designate soils.
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Nutrient Solution Cultures

Deficiency Symptoms

Although plants are unable to talk, they have a means of express-
ing their needs through abnormalities that are often called "deficiency
symptoms" or "hunger signs". There are many conditions, other than
nutritional, £hat can cause symptoms to occur, therefore, all signs of
abnormalities should not be interpreted as actual nutritional deficien-~
cies without further investigation, 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, the deficiencies produced were probably of the most
extreme nature they should bevof @onsideréble value to.those who are inter-

ested in the role of various elements in cotton nutritione

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 of the leaves appeared to become
lighter in color. The leaf margins became yellow, while the remainder of
the leaf turned a pale green color a few days later, By the end of the
fifth week, the oldest leaves had turned yellow and the cotyledon leaves
were Eeginning to absciss as depicted in Figure 2. Nitrogen deficiency
symptomns started in the lower leaves of the plant and progressed upward as
the plant became older, which indicated that nitrogen was translocated
from the older leaves to the terminal 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



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

COMPLETE  —-N

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

Phosphorus. 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 fole
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 exibited an upward cupping
and the greasy spots became necrotic (Figure L), Shortly thereafter,-the
cotyledon leaves were shed followed by the abscission of successively
yoﬁnger 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 rootse. Reddish areas also were found on the lower

mainstalk in these plants,

Potassium, These plants developed deficiency symptems within ten
days. They were dwarfed and were much darker in color than those grown
in the complete solutigns. The potassium déficieqt leaves were much
sharper at the apex than non-deficient leaves, After two weeks, necrotic
areas began to occur around the margins and between the veins, As the
deficiency progressed, these areas becéme larger and especially pronounced
on the cotyledon leaves, The terminéi tissue remained green which indi=-
cated that potassium was translocated frdmftﬁe older to ‘the younger leaves.
The symptoms moved upward with each successive leaf. The plant leaves

assumed a clustered appearance due to drooping as shown in Figure 6. Root



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

-P

Fig. 5. Root growth of cotton after 60 days in a complete and a
minus phosphorus nutrient colution,
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COMPLETE

Fig. 6. Top growth of plants aiter 38 days in a complete and a
minus potassium nutrient solution.

L

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-
re 7)s Figure 8 is a comparison of the characteristics of cotton plants

grown in complete, minus nitrogen, minus phosphorus, and minus potassium

nutrient solutions.

Calcium, Deficiencieé of caleium, which occurred in four days, were
the first symﬁ%oms to be observed, The plants-made only very limitéd
growth and, at most, produced only two true leaves, The leaves had a
wilted appearance and the petioles seemed to be very weak allowing the
leaves to hang very limp. The terminal tissue turnéd pale green in color,
soon became necrotic and died, Although the termihal tissue was almost
dead, the cotyledon leaves retained their green color indicating that
calcium was not translocated.(Figure 9). The signs were very severe at
the end of three W%éké and by the fifth week the piants were dead and were
beginning to decompose. The roots were very dark énd made very little

growth, if any. before the deficiencies oecurred.

Magnesiumw The signs ofiéhiorosis began on the ninth day for the
deficient plants. As in the other hunger signs, reduced growth was one
of the first noticeable characteristics, Plants grown in a nutrient sol-
ution lacking magnesium exhibited one of the most striking of all defi=-
e¢lency symptoms observedﬁ The true leaves first faded to a pale green
and then to yellow with the veins remaining green. As the signs became
more severe, the leaves tended to elongate slightly and become necrotic
around the margins0 After the necrotic margins appeared, the leaves
cupped upward and began to droop‘slightly (Figure 1Q), Finally, the af=-
fected leaves became entirely necrotic and started to absciss. 4s in the

~case of calcium deficiencies, magnesium is probably not mobile in plants
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Fig., 8, Top growth of cotton plants after 38 days in a complete so-
Iution and ones lacking nitrogen, phosphorus and potassium.

COMPLETE -Ca

Fig. 9. Top growth of cotton plants after 16 days in a complete
nutrient solution and one which lacked calcium,.



JOMPLETE -Mg
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since the cotyledon leaves remained green while the rest of the leaves
turned chlorotic. Figum 11 portrays the reta:?ded and very black roots
of magnesium deficient plants. These symptoms differed slightly from

those described by Coo’pef ('2@),

A

Tron, "Deficiencies of this nutrient were the second ones to occur
in this study. Retarded growth and a general chlorosis of tile terminal
tissue were noted in seven _glgys. The new leaves were light E.di-bred and
soon changed to a pale yellow which was almost white., As.more terminal
growth occurred, each suceeeding leaf was much whiter in appearance.
Within four or five days after emergence, the teminal tissue became very
necrotic and ragged due to the disappearance of leaf tissue. The chlorotic
leaves were very small., They cupped downward in the early s tag"es 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 iron was
not mobile in the cotton plant, Figure 12 illusti‘ates the new growth
which occurred from the axils of the cotyledon leaves during the eighth
erk’ This tissue was also chlorectic, but was still living at the termi-
nation of the experiment, However, signs of necrosis were begimning to
appear. Root growth in the iron deficient plants was limited, but some

elongations did occur (Figure 13).

‘M.anganese. Symptoms of manganese starvation appeared to be the
least severe of all the deficiencies in the experiment. Manganese defi=-
. ¢iencies were evident in 16 days., Reduced ’growth"‘ and a2 slight yellowing
of :Ehe leaves were the first signs noticed., At the end of three weeks

‘the symptoms were more pronounced, The younger leaves became a pale green



Fig. 12, Top growth of cotton plants after 60 days in a complete
nutrient solution and one which lacked iron,

Fig. 13. Root growth of cotton after 60 days in a camplete 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 1)), As the plants became older the younger
leaves appeared to regain some of their green color, but they still dis-
played the wrinkling., At the termination of the experiment, there were
no apparent differences in the color of the older and younger leaves,
Figure 15 shows that the root growth in the manganese deficient cultures
was a’pproximately as good as ‘that found in »the complete nutrient sol-
utipns. With the exception of the plants grown in complete solutions
the manganese deficient plants were the only ones to produce any squares,
Iron and Manganese Content of Cotton Plants
Grown in Nutrient Solut:_i.on Culfcures

Plants grown in complete, minus manganese, and minus 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 andlyses occurred
among ‘the replications in the experiment. Plants grown in solutions
which lacked manganese accumulated slightly more iron than those grown
in the complete solutions, Plants grown in complete nutrient solutions
contaihed approximately six timés as much iron on a percentage basis, és
those grown in iron deficient solutions, Plants grown in the minus iron
solutions accumulated much more manganesé percentagewise than the plants
grown in complete solutions, The mangahese content of the manganese
deficient plants was quite variable. These manganese contents indicated
that some contaﬁination‘may have occurred, This cbuld possibly explain

the partial recovery of the plants growm in the minus.manganese solutions.
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COMPLETE -MN

Top growth of cotton plants after 16 days in a complete
and a minus manganese nutrient solution.

Root development of cotton after 60 days in a complete nu-
trient solution culture and one which lacked manganese,



TABIE XIX

IRON AND MANGANESE CONTENTS OF COTTON PLANTS
GROWN IN NUTRIENT SOLUTION CULTURES

57

Treatment- Replication Percent Iron Percent Manganese
Complete 1 0,186 04395
Complete 2 0,19k 0,410
Complete 3 0,173 0,430
Complete I 0,165 0.380
Minus manganese 1 0022l 0,040
Minus manganese 2 0,206 06050
Minus manganese 3 0,19 0,035
Minus manganese Iy 06206 0,060
Minus iron 1 0,035 3.35h
Minus iron 2 0,034 24789
Minus iron 3 0,02L 1.56L
Minus iron L 0,023 1,589




V  SUMMARY AND CONCLUSIONS

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 Brownfisld soil, Various chemical amendments (in=-
cluding iron and manganese applied in different forms and by different
methods) and a physical treatment of an artificial compacted layer were
used, Nutrient solution cultures were conducted to observe and record
some of the symptoms of cobton caused by a lack of certain essential
plant food nutrients. From the results of these experimenﬁs, the follow-
ing conclusions seem Jjustifiable: f

1. Each soil exerted a different effect on the cotth yields in
the greenhouse pot sfudies, The yields of cot%oﬁ were sig—n
nificantly higher on the chlorotic soils. from a given aréa
than those on the’nenuchlorotic soils frem the same erea,

2o The influence of the'tfeatments on the yields of'cotton varied
with each soil, The chelated iron and chelated iron plus in-
organic manganese treated pots produced yields which were similar
to the checks but were’significantly bet#er than all the other
treatmente in the over-all analysis_of tﬁe experiment. The
compacted layer treatments depressedvyields more thaﬁ any other

treatments used in this studyo

58
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The iron amendments caused only slight variations in the avail-

able iron content of the soils after cropping. Likewise, man-
ganese additions created only small changes in the amount of
available manganese in the soils after cropping. |
The chelated iron and inorganictiron plﬁs manganese (spray
applicatibn) treatmenté resulted in slightly greater absorption

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

content of plants, 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 éontaining a
compacted layef.

Iron, magnesium, and calcium were immobile iﬁ the cotton plants
grown in the nutrient solutions. Vwaever, potassium and nitrogen
were translocated in the deficient plants.

In the nutrient eulture experiment, a iack of calecium or iron

caused the most severe deficiency signs. The symptoms developed

by the magnesium deficient plants were the most striking. Whereas,

the growth of the cotton was least affected in the minus manganese
solutions,
Under optimum conditions of temperature and moisture in the

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

rosis. Under field conditions, cotton chlorosis has been observed

on soils with low moisture and high temperature levels, Further
enlightenment on this subject could possibly be obtained through
a study of varying the temperature and moisture levels as well

as other soil conditionse
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