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ABSTRACT OF THESIS

EFFECT OF SOIL MOISTURE ON EXTRACTION OF SOCIL
- AND PLANT IRON

by

Abdel-Monem ‘Mohamed Elgala

| A greenhouse investigation was conducted to determine the
relationship of soil moisture level to extractable forms of plant and
soil iron. - Soybean plants (Glycine ﬁix), variety Lee, grown on Ade-
lanto loam soil under two different soil moisture levels were used in
this study. '

Plants grown under 120 percent moisture equivalent level were
chlorotic, while those under 75 percent moisture equivalent‘ were norm-~
ally green in appearance. .

The chelating agent EDTA extracted less iron from the soil at
the high moisture level, |

The total plant iron concentrations were much the same in
chlorotic and nonchlorotic plant tissues. The water-soluble and 1.0 N
hydrochloric acid-soluble leaf iron (active iron) fractions were less in
chlorotic_than nonchlorotic plants. The chlorotic and nonchlorotic tis-
sues did not differ in their Wé.ter— and salt-soluble nitrogen compounds.

The presence of low amounts of "active iron'' and Water—Soluble
iron in chlorotic soybean plants grown oh a calcareous soil under a
high soil moisture level were explained as an indirect effect of high

moisture level on the chemical forms and distribution of plan't}iron,
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INTRODUCTION

The prevalence of iron chloros1s on plants growmg in calcareous
.s0ils has become known as lime- 1nduced chlorosm - Chlorosis is be-
lieved to be aggravated by high levels of soil moisture. Iron deficiency
symptoms are cheracterized by a &ellowing of the entire lea.f surface
with the exceptlon of the ve1ns Wh1ch tend to remain green except in
severe cases. In very seyere cases of iron chlorosis the yellowed
_leaves may abscise and die-back may result., The economic importance
of this nutritional disorder is evident throughout the World in arid and
_sem1ar1d cllmates,, |

- While no very convincing explanation of the lime-induced chlor-
0sis phenomenon.has been adx}anced, it is claimed that deficiency of .
iron is accompanied by van excess of certain interfering :tons in the soil.
. On the other hand, lime'—induced chlorosis i,S' believed to be iron inacti- -
vation or failure of iron metabolism: within the plant itself. - 'i‘here is !
still much confus1on in attemptlng to separate causes from effects.

-In spite of the general recognltlon of the 1mportance of soil
moisture as a factor 1n high-lime chlorosis, 11tt1e is known about the
specific effects,' Hence, it Will he"of inlportance to know the etfect of
_ changes in soeil moisture content on eXtractable plant and soil iron.

1



The purpose of this research is to investigate further the rela-
tionships of soil moisture level to chlorosis and the effect of such
moisture treatments on extractable forms of plant and soil iron. This

relationship was studied using soybe;in plants (Glycine max), variety

Lee, grown in a calcareous soil at 75 and 120 percent moisture equiva-

lent Ievels.



LITERATURE REVIEW

* The Relation of Soil Moisture to Plant Growth
~ in Calcareous Soils = -

‘Burges and Pohlman (9) ‘were the first investigators to show the
| effect of soil moisture on i'ron-induced chlorosis, In field studies in
Arlzona they found that the common practice on 1rr1gated lands of mam—
ta1n1ng soil mo1sture close to the field capac1ty level was one of the J
pr1nc1pa1 causes of chlorosis. - Chapman (12) observed that iron chlor—
osis often develops under the influence of 1rr1gat10n practice. He sug-
gested that this may be in part the result of gradual coatlng of iron
minerals with 1nsoluble carbonate the latter derived from the bicar-
bonate present in most 1rr1gat10n Water Reuther et al (40) found 1no
chlorosis on any. of the citrus plants dur1ng the summer regardless of
'm01sture treatment, but durlng the W1nter and, early sprlng chlor031s
increased very markedly on plants havmg hlgh s0il moisture and only
“shghtly on plants in s01ls of normal m01sture

Burtch et al. (10) conducted a greenhouse exper1ment to study
the effect of light, soil mo1sture and soil temperature on 11me 1nduced

chlorosis. In general, they found that the higher the level. of soil



.mOisttlre maihtained, the greater _the degree of Chlorosiso The com-
bination of high so0il moisture and low temperature Were the environ-~
»mentaltconditions most' conducive to the occurrence of» lirhe‘»chlorosis;

Lime—ti'nduced chlorosis is an important'physiological dist_drh-
ance of citrus ‘on calcareous soils Haas (16) -s.uggested that the‘prOb-; .
lem is mtlmately related to the soil moisture status and pH valué of
the- 5011 which in turn are related to the physmal status of the soil.

Water supply may 1nﬂuence the vegetatlve growth More growth
was obtalned. Wlth maize (32) and citrus plants (40) grown under hlgh
moisture level than that under low moisture lev_eL . Bur;tch et al. (10)
found that the stem length and oven-fdr'y Weight of bean ]olants increased
by increasing the soil rhoisture lex‘/.*el, |

Avallable Soil Iron and the Interactmg Factors
' ' Related to Soil M01sture

There are many different methods'for extracting -soil iron. -
Olson‘ (34) found that' ammoniﬁm acetate ad'juste'd. to pH 4.8 dissolved
amounts of iron from so1ls that var1ed from 0.15 ppm. in alkahne soils
to 20 ppm. in ac1d soils. Water extracts of iron from neutral or a]ka-
line :soils ylelded negllgrble‘qu_antltles of 1norgan1vc, iron. A few parts .
per,mill_ion of iron was extracted as soluble organic matter. Olson.
,cohcluded that the soil pH val_ue» is not the only factor d'etermining the

solubility of iron in-soils or the ahility of soil to supply iron.



Viro (49) showed that'ethYlenediaminetetracetic acid (EDTA)

~ is a more. effect1ve extractmg agent for exchangeable ions than ammon-
~ium. acetate in acid so1ls He concluded that EDTA can dlssolve watet
.soluble carbonates that are not a part of the exchangeable compleX

The chelating agent EDTA was found to extract less iron than ethylene—.
diamine di- (o—hydroxyphenyl acetic ac1d), ”EDDH.A " from calcareous
soils (50), The equilibrium of. FeEDTA in the presence of excess cal-
cium ion is sh1fted S0 that ferr1c hydrox1de prec1p1tated more read1ly
than it does in the absence of the calcium ion (28). Wallace (50) sug-
sested the use of 10 4 M EDDHA as an extracting agent to give approx-
- imate information on the status of soil iron. He indicated that the
ability of the plant to accumulate iron is modified by other environ-
mental factors such as pH value,. phosphorus, calcium_, and bicarbon-
ate concentrations, all of which influence chelation (as a result of com-
petition). Phosphorus may be’ considered as a liganclwhich eompetes
with the chelating agent for iron (28) | | o

" Using available iron supply as an index to iron deficiency in
plants Olson and Carlson (35) found that ammonium aoetatevextra‘ctable
'soil iron producmg chlorot1c sorghum Was ”statlstlcally less' than
from so1l producing green plants. Brown and Holmes (5) stud1ed the
-response of three plant t‘jrpes grown on three soil types: which differ in
their iron supplying power, They postulateol that chlorosis was related'

to the avai_lable»soi‘l iron suoply; however, the latter could not be used



as an absolute index to the occurrence of deficiency. Lindsay and
.Thorne (23) found that the soil solution from chlor.otic areas had a
higher.concentration of bicarbonate and.calcium ions than that from
adjacent. areas producing green plants. Under certain conditions micro—
organisms may also offer. ser.ious. competltion to higher.plants -for-
available iron (51). Kliman (21) observed a marked lncrease in extract-_
able ferrous iron and an assoc1ated decrease in ferric iron When the
soil was compacted or. mamtamed at higher mo1sture content. Brown
and Holmes (5) postulated that the difference in calc1um carbonate
organic matter, bicarbonate, phosphorus and the moisture content of
'the soil ,beside the fact that plant‘ species differ in their capacity in
utlhzmg dlfferent forms of iron, may limit the value of data pertammg
to ava11able iron supply as an index to iron def1c1ency
Sml 1ron may be 1nact1vated in the so11 as a result of the excess

of other elements - Lindsay and Thorne (23) observed that bicarbonate
ion reduced the movement of rad1oact1ve iron into the leaves and stem

and accentuated its accumulatmn in the bean plant roots. H1gh concen-
~trat10n of calcmm in the so11 have »been thought (51) to be a major caus-
at1ve factor in iron chlorOS1s Brown et al. (7) noticed that the 1nc1dence
of iron chlorosis in soybean was related more to the phosphorus concen-
tration than to the bicarbonate concentration in'solution culture. .Tiffin
et al. (48) considered phosphorus,'as: a ligand Which -competes.With the

-soybean roots for iron. Brown et al. (6)4reported that phosphorus is
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considered to be a maJor contrlbuting factor to chloros1s in calcareous
soils. They postulated that calcareous 'soils are frequently high in
phosphorus, and the variable contents could possibly account for varia-’
tion observed-in the severity 'of chlorosis Whlch occurred on _different
‘calcareous soils. | | |

The proportion,of some soil elements was investigated in rela~ -
tion to soil.moisturev_level° Reiteineier (39) studied the eftect" ot.-'soilzl
Water ratio uponthe composition' of Water -extracts of the soil,_r He con-
cluded that the water-soluble phosphorus was proportlonal to the soil
moisture content. Haddock (17) found that low soil m01sture tensmn
increased phosphorus uptake by“sugar;beetso He explained this as
indirect effects of: soil temperature .and carbonic acid concentration in
the soilsolution of moist scils on,prornoting phosphorus uptake.

-Metwally and Pollard (30) .showed th-at’ phosphorus nitrate and calcium

| contents of the 5011 solution (per unit dry soil) 1ncreased With the

increase of water content of the 5011 The pH value of the s011 solut1on

was not affected by the change in water supply.

Plant Iron and the Interaction Due to Soil Moisture .

There is'a disagreement as to whether there is any consistent
difference in the total concentrat1on of plant iron and the development
of green or chlorotic leaves. Many 1nvest1gators have shown that the

total concentration of iron in.chlorotic leaves is less or more‘tha.n that



of nonchloerotic lea;%res of the same plant (51, 52). On the other hand,
an equal amount of inférmation has beén presented showing there is no
' cénsistent correlé,tibn betWeén thé fotal concentration of leaf iron and
the degree of chlorosis. (22 , 23, 36).

.Atfempts ‘were made‘fo fihd fhe, reiation betWeen plant extracted'
iroﬁ énd the degreebf chlorosisa Linder and Haﬂey (22) found no con- '
sistent correlation between total, Wat_er séluble and HCI (0.1 N and |
1.0 1}{) soluble lééf iron anéi the~degree of chlorosis. Thefe was no dif-
ference between chlorétic and nonchlorotic leaves i‘n the iron concen-
tration of the cytoplasmié protein (water soluble) (36, 37, 52).

. Ose.rkowsky'_(%) found that 1.0 N hydrochloric acid extracted
iron,''active iron!)’ was propo,rtional to the chlorophy'llv cbht'enf of the
1eaff., Many investigators found this correiation to be true with differ-
ent plants (1, 33, 46). . "Active iron" is a specific form of iron that is
ac*uéive in chlorophy].(l formation and greaﬂy"exceeds the amount of iron
extracted with water (36). The 'levell of ""active iron' in three species
of plants :decreased to about one —hélf its levél atv vthe late growing stage
but remained always higher the greener the leaf (1). Reuther and |
Crawford (40) showed that the plants grown under hormal moisture
level,ha,-s_ about 40 percent more chiorophyﬂthah the high moisture
treated plants at the early gtage ofr'.gxb'ow’ch° There was only about 12

percent difference at the late stage of growth.



Lindner and Harley (22) found that over half the amount of iron
in the leaves was pres'ent in a form insoluhle in 1.0 N hydrochloric
acid (inactive iron) presumabl;;t as iron-h.ematin, iron-nucleo-protein
or in other oomplex organic compounds, Bennett (1) postulated- that |
the vdevelopment' of chlorophylldepends on the amount of irou that is-not
absvorbed by the re.sidual proteiu in plaut'tiseues.,

The presence :of about equal amounts of total iron concentration
in both chlorotic and nonchlorotic leaves had led to the idea of i_na'ctiiraQ
.tiou of iron within the plant. Chlorosis of plants growing in alkaline
calcareous soils may be a matter of irori aotivity.within the plant
rather than a failure of the plant to take up iron from the soil (33).

- Warnock (52) found in general that the iron content of plants grown on
noncalcareous soils was greater_ than those plants grown on oalcareous
| soils. l—lale and Wallace (18) found that the bicarbonate and phosphate '
each competitively inhibit iron accumulation and trauSIOCatiou from the
root to the leaves. In 1ime-‘induced chlorosis iron may be immobilized
within the plants and tend to accumulate in the stem (217, 52)

Biddulph and Woadbmdge (2) showed that as the phosphorus
content of the nutrient medium isinoreased, root, stem and leaves
continue to build up in phosphorus content.,‘ The excess of phosphorus
may be responsﬂole for 1mmoh111z1ng iron and other ions. They postu—
lated that phosphate reacted With ferric iron which had already com- | |

bined with 1mmobile organic molecule Miller et al. (3 1) found in



10
solution (;lilturé studies thaf the development of i_ron chlorosis on soy-
beans was more related to phosphorus concentration. in solution or that
absorbed by the plant than‘bicar:_fo'ona.té édﬁcentratiqn in solution. . The
bicarbonate only incr'ea'se'd the soluble phosphorus concen‘fration in
solution. Calciurh was found (8-, 47) to stimulate root growfh, increase

.'t’he4 absorption anci translocation of phosphorusr and calcium to the above
grqund parts; Increé;fsing‘ phOSphorus and caléiuin’ in plant.tissue allowé_ |
for greater competition with iron‘, which Ihay inaictivate iron intern‘allyl
(8). On the other hand, “Wal];acre and Lunt (51) postulated that chelation
With_naturally'occurring compounds that accumulate under abnormal
conditions is a contributing factor to iron chlorosis. High soil .mois-
ture, poor aeration and cool,t’émperature Werereported by Thofne gi; al.
(47) as a possible cause for ‘c.llis-turbihgbp__lant meté;bolism which ma.,y,. '

| result in fi;iiing planf iron in formsl of low biological a'ctiivi_ty., -

The effect .of soil moisture on the acCumﬁlation of - these i_nter—
fering ions‘ in the plant has beqh .studiéda The uptake of phosphorus, .
nitrate and calcium by barley (30) a,nd apple (29) plants pér unit dry
matfer Wé,S greater with higher Water. supply. Phosphortis gontent was
high in trees grown under low moistufe stréss; and the fluctuation in
phésphorus composiﬁqn of leaves Waé directlj correlated to'chahg'es
in soil moisture (4). The indirect effects of soil temperature an_d car-
boxﬁc acid concentration in the soil solution of ﬁloist soils may promote

phosphorus uptake (17).
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Nitrogen MetabolismA in Relation to Plant Iron _

- Iron chlorosis is thought tovbe a disturbance 61:' nitrogen metab-
olism as well as iron metabblism .énd that the two are iﬁtimately :
%’élated '(1-), Certain ,protéins are. apparently synthesized inywhen
certain trace elements 'such'as iron become availé,ble (14). Iijin (20)
report_ed that the nitrogen metabolivsm of chlordfic plants in calcareous
soils is unbalanced. uSuch_un‘ﬁbalance is reflected in the modif.ic'ation'
that'occufs iri certain hitrogenous compounds, especially in tofal nitro-
gen, solﬁble nitrogen," protein nitrogen and residual nitrogen. Such
distﬁrbance may effect the process of chlorophylllforr.nation. Buélova
(11) found a close relafionShip among iron 'protein and chlorophyl syn-
thesis. | Perur et al. (38) fbund-no appr}eciable differehce in proteins of
the water soluble fraction of corn and soybean‘ leaves. Iron chlorosis
caused about 82 percent reduction in the protein content of the chloro-
plastic fract.ion'of the cofn leaf. Many investigators have reported an

increase in the free amino acids of chlorotic leaves (15, 20, 39, 47).



MATERIALS AND METHODS

Several preliminary experi.menfs were conducted to select the

soil and the test plant that'together ‘would produce iron deficien'cy symp-

toms. Soybean plants (Glyc1ne ma.x), var1ety Lee, and an Adelanto

loam SOll were used for the main experlment

: Soil-Analysis

.Adelante leafn «soi_l, 0 f,o 12_ incnes, fnem the cit-r‘usv experiment
: station, Temne, .Afiiona; lwas air dried and passed through ;1 10 mm
size.pvlas'tic screeno ‘The pH value, eonductivity of the saturation
extfacf, calciuln eannonate_equi\falent and the moisture equiValent_ for
.‘i":he_:soil.are shown_‘ in table 1. - » R

- Fertilizers Were added to the ,,soi_i at the rate of 300 pounds per
acre nitfegen as NH 4NO$ e,nd 100_pound$ pef ‘acre phospnorus as
KH,PO, which contained. .pot‘asSiuxn at the rate of 85 nounde nen acre.

For testing the effect of soil moisture level on .soil iron, 500 gm.

»of the soil was mixed with-a spec1f1c amount of the fertlllzers in a
» plastlc twin- shell blender for 15 mmutes The s011 fert111zer mlxture

was placed in a cardboard carton _c_o_ntalner (3 inches in height and 4

12



Table 1. Some Characteristics of Adelanto Loam.

13

f

Paste ? Sll.:lg Séc;llslion ' ilfgjigvit . C?, C03 . Moisture '
pH value ' ° pens ! Y Equiva- Equiva-~
.y PH value : ' v an
o . lent v _lent
mmhos/cm. % %

7.95 8.95 1.6 3.5 14.3
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1nches in dlameter) A perforated plast1c tube was 1nserted in the
mlddle of the soil as a means of mamtammg equal dlstrlbutlon of m01s—
ture w1th;n the soil when water was added. Three containers were pre-
pared for each of the tvtré moisture treatments,' namely, .75 percent |
"and 120 percent moisture equivaient (M.E.). Each ef the Cardboat'd_
cartons was brought to its respective moisture level by adding the pre; .
calculated deionized water. .The moisture treatment continued for a
month through which the .meisture levels were checked twice a tiay by
Weighiﬁg the soil eontaiﬁer and adding ‘the necessary water -throdgtl‘the :
| perfofa-ted iplastic tube. - At the end of the month the soil samples were
air—dried, vsieVed through a 10-mesh sieve and kept in a carton éo'né

- tainer for‘Subseque‘nt analysis.’

Iron extractlons and determlnatlon

The soil was extracted Wlth delomzed Water delomzed water

plus ‘anion exchange resin (Dowex 2- X8 chloride form), 10 -4 M EDTA

(sodium salt), 10 -4

M EDDHA (sodium salt) and 1.0 M ammonium ace-
tate. The pH values for aIi the extractingv agents except ammoniﬁm '
acetate solution were adjusted to pH 6.0. The pH value of the ammtm-

“ium acetate was adjﬁsted to pH 3.0. Dilute acetic acid and ammonium |
hytirexide solutions were u-sed-_ for adjusting the pH

The extractable iron was determined by shaking 10 gm. of the

soil with 100 ml. of extraeting agent in a 250 ml. Erlenmeyer flask for
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6 hours on a Burrel Wrist-Action Shaker. Inthe case of the water plus
anion exchange resin _eXtractiori,' 10 gm. éf chloride saturated résin
‘were added with the water. - At the completion pf the 6-hour extraction
the soil suspension was centrifuged*‘ fbr 15 minutes at 1500 X G. The
supernatantrwas passed through a j0.45 1 Millibore-filter paper (42) to
ensure the presence only of the soluble combounds_ih the ext'i‘éct,‘ The
filtrate was takén to dryvne'ss and the residue was oxidi‘zed bjr the use
of a mixture consistihg of 10 ml. deiqniZéd water, 10 ml. eonc;e’ntratedv
nvitvric acid and 10 ml. of 60 to 70 percent perchlorvic acid solutiéns;

The residue was dissolved in 10 ml. of 0.1 N HNO and filtered. The

3
Afil’trate was collected in a 25 ml. volumetric flask diluted to the mark,
and iron was determined ‘c‘oloi"imetrically by the modified o-iphemn-

throline method (25, 41).

| Plant Analysis

Techniqlie of growing the plants :

| Soybean plants var1ety Lee, were grown in pots under green-
house conditions. Two kllograms of the so11 fertilizer mlxture pre-
par;edA as mentioned prev1ous_1y were placed in glazed pots (7 inches in

height and 5 inches in diametér) .' A perforated p'llasticv tube was

The Internatmnal refrigerated centrifuge Model PR 2
- was used for all centrifugation work. ‘ ;
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vertically placed in the middle oi the soil. Twelve pots were prepared
for each of the two moisture treatments.

: Precalcui_ated deionized wa:tei' was added to each pot to give
100 percent moisture equivale_hto . Soybean seeds presoaked in water
- for 2.4‘ hours were planted 10 seeds to a pot iri the soil at a depth of
approximately 15 mm. The soil was moistened and a brown paper.cov-
e'riflg was placed over the pots to decreéSe moisi;ure iosse

Seedling emergence started on'the fifth day after planting. The

75- and 12(}»—p_ei-__centmoisturé equivalent treatments were startéd‘after
‘complete emergence. The weight of the pots was cheéked twice a day
and the ‘necessarvy' water was added through the perforated tube. An -
approximate value of the plant weight was iaken in consideration. Two
Wéeks after pianting, the plants were thinned to six per.pot.

- Plants Wlere harvested at two stages of growtha The first}
- sampling was 37 days after planting, while the second sampling was
57 days following planting. The above ground portions of the soybean
plants in two pots were Aharves‘ted as one sample; : Three* repiications'
were harvested for each treatment. The leaves and stems of each' ,
‘replication were sépara:ted, dipped in .0,000i-ﬁ hydrochloric acid for
a few seconds to remove surface contamination, and rinsed twice in
deionized water to remove the acid. The separated plant organs were

placed in polyethylene bags and quick—frozen with dry ice.



17

The frozen plant mé,terials were dried under vacuum in a
refrigelfa.ted lyophilizer, and the lyophilized dry weight was recorded
for each sample. The driéd planf materials Wére ground'in a Wiley
mill using a 60-vmesh .stainless steel screen, mixed and stored in a

- polyethylene container at 0° F.

Determination of iron in plant tissues

Iron was determined by the o-phenanthroline method following
- wet oxidation with water and nitric and pevrchloric acidé as mentioned;:
previously (2577 41). - |
Total iron concentrati‘o'rf of both stem and leaf ‘.tisvsues was deter-
mined by oxidizing a 200 mé.Qs'é.mple.
| -"Active iron'' was determined on a 500 mg.-sample by Oser- "
kowsky's procedure (36). | |
| The extré,ction of plant iron was accomplished as follows: cold ‘
deionized water, pH 7.0, and 0.2 M sodium chloride buffered to pH 7.0

by .02 M NaH PO4 (13) were used as extracting solvents for plant iron.

2
Each of the two solvents was used in the homogenization of a separate
subsé.mple of each tissue weighing 500 mg. for leaf and 250 mg. for

_stem tissues. The leaf tissues were homogenized with 30 ml. of the

cold solvent in a Kontes glass homogenizer. The sample was homogen- .

ized by passing a teflon pestie through the mixture 10 times for 10 min- o

utes at a Powerstat sétting of 70. A Virtis ""45'"" homogenizer was used
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to homogenize the stem tissue in 30 ml. of cold solvent for ten minutes
_ at“a Powerstat eetting of 80. Homog’enization was conducted in.;a cold
room at 36° F. | | o o
.After_homogenization, the-homogenate was centrifuged at
24,000 X G for 10 minutes and then passed throngh a 0.45 p Millipore
filter paper to enSure the presence of enly soluble compounds in the
extract 42). The filterate was evaporated to dryness and iron deter-

mined on the re81due as descr1bed previously.

Iron and nitrogen fractions in the plant tissue extracts

7 Svensmétrk (45) reported that the color tieveloped in the protein -
determ‘inatiqn_by the Folin phenol method 'using spinal finid sample is
due to the reactions of proteins' and other nitrogenous compounds -such
as amino ac1ds Hoch et al (19), Bisset (3), and Singh (43) showed
that 5 to 20 percent of trichloroacetic a,c1d (TCA) can be used to separ-
ate protein from nonprotein nitrogen ;compounds Without protein dena-
tnration, |

Thus, in this work the regular Folin phenol reagent method (24)
_ Wes ueed for determining total nitrogen containing ‘eubstances in plant
extracts. Protein nitrogen was determined on the TCA precipitate
using the same method. The nonproteln nitrogen was calculated from

the chfference between total nltrogen containing substances and protein

n1trogen,
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The previous procedure for homogenization and extfaction was
~ utilized oﬁ a larger subsample weighing 750 mg. for both stem and leaf '
tissues. Thesolution tﬁé,t' passed through the Millipore filter papér was-
diluted to a final volume bf 100 ‘mlo_ A 5 ml. aliquot was used for deter~
mining total nitrogeﬁ confaini'ng--Substances and protein nitrogen. - The
remaining solution was used for determining total soluble. iron or TCA- |
insoluble iron v.comp'ounds. o
o Total cold water and 0.2 M sodium chloride soluble iron was
determined on the whole exfi'act, In another sample extract, VTCA-
insoluble iron conipouhds Weré separated bjr adding '_I‘C,Alt(_'). the sblutioﬁ
to give a ".tO‘percent',fi_nal COncehti‘ation’ (W/ V) The inixture was incu-
bated for one houz: at 36° F and fh’e'precipitate;was separated by pass-
ing .fhé solution thi‘ough Ié, 0 .45. M';Miliipore' filter paper. Iron was 'deter-'v
mined on the .’.I‘C.A—insoluble' components. T_CA-soluble :fti*on 'cpmpounds"
were ‘fig'ured from fh’e difference be_‘twéen total soluble and TCAfiI?SOI‘
uble iréfn | | | |
| Working cur\}es for determini'ng “total’ nitrogen containing sub-
Stance'and. protéin nitrogen were prvepvz-a.r-ed from c,fjrstalline bovine -
albumin standard sblutién ’(ZOOY\'{ péi’ ml.).
A-toté.l,nitrogen containing" substances quking,curve was pre-
pared by é,dding 2 ml. of the é]kaiine .coppei" solution (Reagent C) to a
standard soluﬁon sample in a 10 ml. test—fube that contained prqteih

in the range of 2 to 140y . After 10 minutes, 0.2 ml. of diluted Folin
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reagent (Reagent E) was added and mlxed very rapldly The final
volume 'was made to 4 ml. and the: percent transmission was read at
750 mp. In 2 0.5 ml. sample _‘of the cold water and 0.2 M sodium chlor-
- ide extract the above procedure'wa:s ..follow,e'd to determine‘total nitrogen
containing ’su'bs't_ances . |

A protein nitrogen working curve was developed by addmg 2.0
ml. of 20 percent TCA to a sample of the protem standard solution in
a 25 ml. plastic tube that contained protein in the range of 2to 140¥. ‘
The sample was mixed and incubated at 36° F for one hour, The TCA
precipitate was separé.ted by. centrifugation at 10, 000 X G for ‘10 mm~ ’
utes. . The supernatant was discardedv and the precipitate was washed
vwith 5 ml. of 5 percent TCA and ':r"ecentrifuged as above. Special care -
was taken- nof to pour,off or remove -protein particles in the process of
precipitating and Wa.shing‘° To the. protein precipitate in the same tube,
0.3 ml. of 1.0 N;—sddiurn ny'droxide was added, mixed and left for 1/ 5
hour.to dissolve the protein. Two ml. of the carbona-te copper solution
without sodium hy‘droxide' (Reagent D)’- was add‘ed and mixed Welle " After
10 minu-fes, 0.2 ml of reagéent' E was added and mixed rapidly. The
solution was then transfe_rred to a test-tube and the final volume Wa.SV
made to 4 ml. The _transmitré.ncy readings were recorded after 30 min-
utes. The above procedure was followed to determine protein nitrogen

in a 1.0 ml. sample of the cold water and 0.2 M sodium chloride extracts.
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Ndnprotein nitrogen was-calculated by subtracting the proteinr
nitroge‘n. from the total nitrogen containing substances.
- Blanks were concurrently conducted for all determinations.
Transmittancy readings Were reéLd .on a Bausch and_ Lomb ’S'pec—
‘tronic 20 Spectrophotometer.
Pertinent data were analyzed statistically by the 't test value"

(44).



'RESULTS

Results of Soil Analysis

An experiment was conducted with Adelanto loam soil to detere

mine the effect of different soil moisture levels oh chemical forms of
soil ‘iron, : Concentrations of iron extracted from the soils held at trvo
moisture levels, by 1.0M ammonitim acetate, water, water plus anion
exchange resins , 10-4 M ethylene‘diaminetetracetic acid (EDTA) and

10 4 M ethylenedlamlne di (o-hydroxyphenyl acetic acid) are shown in
taple 2. The pH values for all soil extracts except ammomum acetate ‘
ranged from 7.6 to 8.0. The pH value of ammonium acetate soil extract
was 3.5. The data for extracted soil iron in relation to soil rnoistu-re
level are,‘represented graphically irl figure 1.. The data show a signif-
icant difference at the 5 percent level for EDTA extractable-soil iron
as a ftmctiqn of soil moisture level. Iron soluble in EDTA was signif-
icantly less in the soil with the high mciStﬁre' level. Soil iron extracted
With ammonium acetate, water, water plﬁs anion exchange resin or

EDDHA showed no significant difference as a function of moisture

treatmento

22
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Table 2. Concentration of Soil Iron Extracted by Different Extractmg
. Agents as Affected by S011 Moisture Level.

Extracting ' m% iltux"le .+ Irom cdhcentration.
g ' v v ST T -
agentsr " level - _ E'{epl}mates: A _ ! Mean
_ 1 2 , 3 ' ,
% of M.E.  =-mm=m=mn-n \-_-"-——'--‘ppr'n.‘-————4—--’—---5--—-,—
1.0M 75 . 040  0.056 . 0.5 - 0.20
Ammonium S, B .
__acetate 120 00 0.0 - 0.0 0.0
' Water 75 - 173 1.98 2.01 1.90
B 120 - 193 2.13 193 . 2.00
water 5 0.38 043 048 043
- and _ o . ‘
Anion exch. 120 0.68 . - - 048 - 0.33 0.49
resin : » o : | =
1074 Mm 75 3.20 2,70 2.70 2.86
EDTA © 1200 1.20 - 1.60 1.20 133
1074 M 75 6.25 815 © 9.5 7.88

EDDHA 120  6.55 6.55 6.85 6.65

The data are expressed on basis of aii‘-dry soil.
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Fig. I-Average concentration of extracted soil iron by different ex-—
tracting agents as affected by soil moisture level.
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In generalQ iron extracted with either ammonium acetate or
- water plus anion exchaﬁge resin was less than that extracted with water.
On the 6ther hand, chelating lagénts EDTA and EDDHA extracted more
iron than Water;' -Soil iron extracted with EDDEA Wa_s significantly
greater than that extracted with EDTA. =

An imporfant difference was observed in the)‘c_:olor of the water
~and water plus anioﬁ exchange resin extracts. The water extract had a
yellowish color, while the water. plus anion exchange resin Was com-

- pletely colorless.

Results of Plant Analysis

Vegetative growt}i and yield

There was a;;striking interaction of moisture treatments on the
‘amount of vegetatix;e-growth and the incidence of chlorosis. Plants
-grown under 120 percent mqistﬁre equivalent level were chlorotic while
‘those with 75 percent moisture equivalent were green in'app‘ea,rancen
- On the other hand, more vegetative growth vs)as produced by the piants
gfown under high moisture level than with those grown under low mois-
ture level. There was a Signi;f.i'ca;nt difference in the ovén dry—we‘ighfgs.
of the plants with respect to the moisture treatment level as shown in
table 3 an;i figure 2. The OVén _dry—Wéight of the plants grown in the

soil in which the high moisture level had been maintained were greater
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Table 3. Oven- dry ’Welght of Soybean Plants at Two Stages of Growth
as Affected by Soil Mmsture Level.

«Age} of ' guil . \Qifen—dfy weight
plants g " — e - _,
from ' Hig:;tlure‘, ‘Replicates : t Mean
planting -t ' 1 : 1 J T 2 ot 3 t
days P OE ML.E. -mmmmmmmmmm et G mm e e S -
37 (early 75 5.67 . 7.66 - 6.22 6.51
stage) 499 9.25 9.8 .  8.28 9.12
57 (late 75 .7.15 - 7.89 8.84 7.96

stage) 399 1342 1121 @ 13.86 12.83
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at each stage of growth as compared to those plants grown with the

low moisture level.

- Concentration of total iron in stem and leaf tissues

There was no signifiéant_ difference in the concentration of iron
in stem 'tissues‘ of chiorotic and rr(_)nchloroticsoybean plants at the two
stages of growth. These data a’re-»present.ed in table 4 énd figure 3 |

Leaf tissues of chlorotic and nonchlorotic plants also did nét
differ. significantly in their> concentration of total iron at the two stages
of growth. The total iron concentrations of leaf 'tissugs are shown in
table 5 and figure 4,

Previous investigators '(2-7*,  52) have shown that in some plants
the productionl,of iron deficiency"'chlorosis‘Symptoms in the leaves is .
related to the immobilization of iron in the stems. Thé daté, in table 6
show the ratio of tbtal leaf-iron‘.t-o totalxstem—irqn per pot of chldrotic-
(120% M.E.) and nonchlorotic (75% M.E.) plants. The data show that
the leaf-stem iron ratio did not differ,significantly. with respect to
soil moisture lévelv.ovr pres.en'ce of chlorosis. The data ax‘e represented

graphically in figure 5.

Water soluble iron of stem »and'...le'-af tissues
‘There was no significant difference in the concentration of -
water soluble iron of stem tissues in comparisons between chlorotic

and nonchlorotic plants. The concentration of water soluble iron
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decreased significantly only in stem tissues from chlorotic plants in
the late stage of grthh (table 4 ahd figure 43). In order to evaluate
water-soluble iron concentrations in relation to the total concentration
of iron in the stem, table 7 é,nd ,figure 6 show the data for the‘- percent
water—so.luble iron ini proportion to the total iron in stem tissues. The
data show that the perbent water-soluble iron Was significantly less in
chlorotic plants than nonchlorétic plahts at the late stage of growth. |
Also, the percén‘t Water—solublé irbn significantiy decreased only in
chlorotic plants with increasing plaﬁt age. |

The concentration of water-soluble iron in the leaf tissues at
the two stages of growth are shown in table 5 andfigure 4. The Watér—
soluble iron conecentration Was-'significantly less in chlorotic leaves
than nohchlorotic leaves at fhe early stage of growth. - No signiﬁc_ant
difference was detected at the late stage. Thepégcent of the total iron
which was water-soluble was significantly less for chlorotic leaves as.
.comp;a,red’to nonchlorotic leaves‘ at the early stage (table 8 and figure
7). No _significant_ difference was detected for plants harvested at late

stage of growth.

-Salt=soluble iron in stem and leaf tissues

Two-tenth molar sodium chloride solution was used in extract-
ing plant tissues in an attempt to find a difference between chlorotic

and nonchlorotic plants with respect to other forms of iron. The data
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- in table 4 -and figur'e' 3 show the concentration of salt-Soluble iron of

: _'stem t1ssues The concentratlon of salt soluble iron was the same 1n

'chlorotlc and nonchlorotlc stem tlssues The percent of the total 1ron

_ .repr,esented by the vsalt»-s,oluble iron fractlon also did not d1ff_er 51gh1f—
: iCantiy in'chiorotic and nohchlorotic stem tiss_ues at the.two 'stages of
: growth (table 7 and f1gure 6).

The nonchlorotlc leaves did not show a s1gn1f1cant d1fference in |
the concentratlon of salt soluble iron.as compared to chlorotlc leaves
at the two stages of growth However thls 1ron fraction decreased
) 151gn1f1cant1y in both chlorotlc and nonchlorotic leaves w1th 1ncreas1ng

plant age. These data are presented in table 5 and figure 4. The per-
‘c’en‘t values'of the salt-soluble. iron did not differ significantly between'
'c.h1v0rotic and nonchlorotic leaves but the values generally decreased

“significantly in the second stage of'_growth_(table 8 and figure 7).

erydrochlorlc ac1d soluble leaf iron

Leaf 1ron soluble 1n 1 0 N hydrochﬁtorlc acid termed ”actlve

' iro,n” by Oserkowsky (36), was determmed _111 both chlorotic and non-

~ chlorotic lea.f”ti'sshes,_ ’I—‘he data are presented in table 9 and figure 8.
: The active iron concentratlon was S1gn1flcant1y hlgher in nonchlorotlc
leaves than chlorotlc leaves in the early stage of growth The level of

actlve 1ron decreased 51gn1ﬁcant1y in nonchlorotic leaves a‘t the late.

growing stage; however, it remamed higher than that in chlorotlc



Table 4. Concentratlon of Total, Water soluble and Salt soluble Iron of Soybean Stem Tlssues at
“Two Stages of Growth as Affected by Soﬂ Mmsture Level.

Forms ' .Soi‘ls_ ] | Concentratmn of 1ron SR O :
of ! ?01 ! Early stage - E .~ Late. stage
iron ' Wre -Replieates.. -~ - "' _~ SRl Replicates - !
N leve’lw7 I S .;,V;‘,U3 y -Mean -y — 75 T3 v~ Mean
% OfL MLE, === mmm e e e el e e PP, = = == = e e e
Total 75 75.8 - - 75.9 62.5  Tl4 - 649 55.8 79.9 66.8
| 120 52,6 . 97.9 64.9  71.8 . T7.2 716 100.1 85.0
water 75 201 - 189 153  -2l1 a2 1Ll 122 118
soluble 120 12.0  18.8 22.3 177 9T 65 109 9.0
Salt 75 17.8 25.5 175 203 221 22.2°° 245 22.9
soluble 120  19.6 19.9 178 19.1 237 25.1 10.9 19.9

The data are expressed on oVen—dry weight basis.

15
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Table 5. Concentratlon of Total ‘Water-soluble; and Salt soluble Iron of Soybean Leaf T1ssues at
Two Stages of Growth as Affected by 8011 Moisture Level.

Foi?ms ' i(())iils_ ' o Concentratlon of 1ron
of ! tu ! Early stage R o " Tate stage
iron ' OX€ Replicates S ' . Replicates- . ¢ ! -
r level 1 1 2 T3 t Mean | T 2 P 3 , Mean
% Of ML.E. =m=msmmmmmmmmmmmSmm e PPINL, == == -
Total 75 1443 1271 1342 1352  107.8  110.1 1182  112.0
120 130.2 126.7 - 99.4  118.8 151.1 97.2 1147  121.0
Water 75 36.6 347 339 8.1 307 244 387 313
soluble 120 22,6 ~ 24.2  27.2 247 23.7 33.5 23.7 27.0
Salt 75 415  36.0 38.0 385 205 223 2Ll 213

soluble 120 35.0 33.2  29.3 325 217 19.2 18.9 21.0

The data are expressed on oven-dry weight basis.

€¢
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Table 6. Average Ratio of Total Leaf Iron to Total Stem Iron of Soy-
bean Plants per Pot at Two Stages of Growth as Affected by
Soil Moisture Level. :

17

Stage ' S oil K ' Iron rath (leaf/stem) |
of ' moisture ' - . . , ! .
growth ' level ' Repllcaj:es - ' Mean
. v | 1 ) 1 2 | T 3 !
% of M.E. |
Early 5 275 2,63 3.28 2.88
-stage ‘ 120 S 3.7L 1.93 2.20 2.61
Late 75 2.73 2.94 2.56 2.4

stage 120 - 2.96 1.81 1.74 - 2.17
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Table 7.

Water-and- salt-soluble Iron in the Stem Tissues at TWO Stages of Growth as Affected
by Soil Moisture Level. ‘

- soluble

- t
Forme . Soil Iron as percent of the total . ,
of ' .Ei?f_ ' Early stage ' N ' Late stage
: 1 1 1. - [ 3 .. . N
ron  level 1 ',Repélee. t,e,s_, 3 ——r Mean ., T ,R eplz}eates' 3 . Mean
% of M.E, ==~===e=== e e e percent-—-————-——-----————--; ------------
- Water 75 38,35 24.87°  24.55° -~ 29.25 ~ 18.84 19.99  15.33 18.05
soluble 120 22.75  19.24 34.27 25.42 1254 8.42 10.85 = 10.60
Salt 75 23.41  33.65 28.05 - 28.37  -34.28 40.01 ~ 30.70  '35.00

120 3725 20,30 2742 28.35 - 30.70 32.31 110.84  24.61
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Fig.6—Average percentage of water- and salt-soluble iron in soybean
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ture level.
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Table 8. Water and-salt-soluble Iron in Leaf Tissues at Two Stages of Growth as Affected by
Soil Moisture Level.

1 T
, Soil L Iron as percent of the total |
Fo;‘fms ' Iﬁﬁ'les- ! ’Ear‘ly stage = - Yo Late stage
. ! U Replicates Co Lot Replicates '
‘iron , level T 5 CRE -Mean~ ., 7 5 T Mean
% of M.E, ==~-=n- SO S - PETCENt =~ === === === = o e
Water 75 - 25.34 27.31  25.25 25.96 28.48' 22.14 32.75 27.75

soluble 120 17.35  19.23  28.44  21.67  15.68.  34.50  20.66  23.61

Salt | 75 28.73 28.29 28.34 28.45 18.98 20.24 17.82 i 19.01
soluble 120 26.84 26.37 29.45 27.55 14.33 19.72 16.47 16.84
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Table 9. Concentration of ".Actix%;é Iron' in Soybean Leaf Tissues at
Two Stages of Growth as Affected by Soil Moisture Level.

Stage ' Soil ' ' Concentration of active iron

of " moisture ' . ' ! '

growth ' level ' )Rephcates | ' Mean
' ' ' 1 T 9 T3 ' j

% of M.E. e mmmmmmm e PP === ===

Early 75 57.9 - 58.0  66.9 60.9
stage 120 - 39.9 45.8 41.8 42.5
Late 75 50.7 46.2 45.0 473
stage 120 - 39.4 47.1 32.8 39.8

The data are expressed on oven-dry weight basis.
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Fig.8—Average concentration of “active iron' in soybean leaf tissues at

two stages of growth as affected by soil moisture level.
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leaves. The content of active iron in the chlorotic leaves did not
changé appreciably with .increas-ing plant age.

- Also, the percent of the tofal iron which was active was signifi-
cantly less than ,thafc in nonchlorotic leaves only at the early stage of
growth as shdwn in table 10 é.nd figure 9. The percent values for this
iron fraction did not change inuch in chlorotic leaves With respect to

the stage of growth.

~ Water-soluble nitrogen compounds of the fleaf and stem tissues

Soluble nifrogen compounds Which are associated with physio-
logical changes in plant cells was determined in chlorqtic and non-

chlorotic plant tissues.

- The percent total nitrogen containing substances (total N), pro
tein nitrbgen (protein N) and nonprotein nitrogen (nonprotein N) in the
Watér extract of the stem tissues are shown ih table 11 and figure 10.
There was no sighificant difference in the percentages of the nitrogen
forms extracted »With water in chlorotic and nonchlorotic stém tissues.
The percent water-soluble nitrogen compounds dici not change apprec-
iably in the stem With respect to the age of plants.

The pefcentages of Wafer-soluble nitrogen compounds in the
leaf tissues were much higher than those in the si:er-nw‘.tissues° The -
percent total N, protein N and nonprotéin N in the leaf tissues are

presented in table 12 and graphically shown in figure 11. The nitrogeh



Table :10

.- "Active Iron" in Soybean Leaf Tissues at Two Stages of
'Growth as Affected by Soil Moisture Level.

44

Stage

‘Soil

_ Percentage active iron of the total

stage

120

26.1

48.5

T 1 :
¢ T,
of ' moisture ' " 7
growth ~ ' level ' Repllcates Mean
. LI 1 1 q 2 : [ 3 )
% of M.E. =m=mmmmme e e percent---=-=-=-==me=-——--
Early 75 40.1 45.6 49.8 45.2
stage 120 - 30.7 36.4 42.1 36.4
Late 75 47,0 41.9 $38.1 42.3
28.6 344
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Table 11. Water-soluble Nitrogen Compounds in Soybean Stem Tlssues at Two Stages of Growth
as Affected by Soil Moisture Level.

'

2.12

, :

Forms ' ,Soi.l ' Nitrogen_ compounds -

of , mois~ , - Karly. stage - ! Late stage
‘nltrogen ture ., Replicates = . o ! Replicates - .-
level ,— i g — 3 Me‘an T —3 8 3 . Mean
% Of M.E, =====mmmmmm e e e e e - percent-----=-~--—mmmm e e

Total N 2.63 243  2.52 2,54 2.26  2.49 2.40  2.38
_containing _
substances 120 2.61 2.44 2.45 2,50  2.42 2.41 2.34 2.39
Protein 75 0.37 0.41 0.37 0.38 0.21 0.24 - 0.24 0.23

N 120 0.28 0.30 0.31 0.30 0.30 10,29 0.29  0.29
Nonprotein 75 2.26 2.02 2.14 2.18 2.05 .25 2.16 -~ 2,15
N 120 2.33 2.14 2.14 2.20 2.12 2.05 2.10

9%
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Fig.10—Average percentage of water-soluble nitrogen compounds
in soybean stem tissues at two stages of growth as affected
by soil moisture level.



Table 12. Water-soluble Nitrogen Compounds in Soybean Leaf Tissues at Two Stages of Growth
as-Affected by Soil Moisture Level.

' - 1 - : iE
Forms ' So@l . Nitroyge»n compounds .
of ' 111:1)11‘:- v " Early stage ' .~ Farly stage
: 1 1 : . - T, S 1. : : 1
nItrogen yaver 1 %ephcra‘_te% — g Mean,—y— Egephg?at;esé g%+ Mean
% of MLE, ~-=mm=immsmmmmmmimm e e ——— percent-=-=-=---= m————— e
Total N 75 167 177 177 1807 177 145 0 122 13.9 145  13.7
containing . A : :
cobstances 120 18.7 18.9 19.8 18.6 19.6 - 13.3 4.0 101 122 124
Protein 75 10.61 11.2  12.0 - 10.9 11.1 7.7 52 7.3 7.0 - 6.8
N 120 120 121 1.9 125 121 65 7.6 53 6.6 6.5
Nonprotein 75 6.1 6.5 5.5 68 62 68 7.0 61 15 1.0
N 120 6.7 6.8 6.8 6.6 . 1.1 6.8 6.4 5.4 5.5 6.0

The'data are expressed on oven-dry weight basis.

*
Replicate No. 4 is a combination of the remaining plant material of replicates 1, 2, and 3.

8%
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Fig.11—Average percentage of water—soluble nitrogen compounds in
soybean leaf tissues at two stages of growth as affected

by soil moisture level.
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fractions for chlorotic and nonchlorotic leaf tissues did not differ. In
general, total N and protein N decreased significantly at the late stage
of growth regardless of plant appearance; however, the nonprotein N

remained the same at the two stages of growth.

Salt-soluble nitrogen compounds of leaf and stem tissues

The salt-soluble nitrogen fractions'-of stem tissues are shown o

in table 13 and figure 12.
| The salt solution extra cted more n'itrogen compounds from the

- stem tissues than did water. However, no significant difference
occurred with respect to the nitrogen content of the salt-soluble frac-
tion in the stems of chlorotic and nonchlorotic plants. The data show
a significaﬁt decrease in salt-soluble nitrogen compounds from the_
early to the late stage of growth. |

The salt solution did not extract more nitrogen'compounds from
leaf tissues as it did with stem tissues. No significé.nt difference was
detected with respect to salt-soluble nitrogen fractions in chlorotic
and nonchlorotic leaf tissues. In general, there was a;significant
decrease in thé total salt-soluble nitrogen compounds as well as the
protein fracﬁion with the increase in plé,nt age. However, the nonpro-
tein nitrogen fraction r.emained the same. The data are shown in

table 14 and graphically presented in figure 13.



Table 13. Salt-soluble N1trogen Compounds in Soybean Stem Tlssues at Two Stages of Growth
as Affected by Soil Moisture Level.

' Forms : Soil , o Nitrogen coiﬁpounds ,
Cof ! T&l‘:' ' Early stage e ~ Tate stage
i ' T ~ Replicates T o " Replicates =~ '
n1trogen' level |, T ' P 5 7 Mean - T B B S— Mean
% Of MLE. ==mm=m=mmmmmmmmm e mmcmmma o e percent--~-=sn~~-esmunn ———————————
Total N 175 3.17 3.29 3.03 = 3.17 2.45 258 259 2.54
Comalne 1a0 328 313 3.03 314 254 265 243 254
Protein 75 0.77 . 0.86  0.80 0.81 - 0.55 -  0.50 10.50  0.52
N 120 0.75  0.86 0.77 0.79 0.52 0.56 0.43  0.50
Nonprotein 75 2.40 2.43 2.23  2.36 . 1.90  2.08 209 2.02

N 120 2,53 2,27 2,26 - 2.35 2.02 2.09 2.00 2.04

The data are expressed on oven-dry We.ight basis.

I8



T
— Soil Moisture Leveils (1) Total N
a A ota
(ID ; %’ I725°//° ::E ; (2) Non~protein N
™ ;-O [~ [/ o= | (3) Protein N
/]
= | |
> L/ |
1
o - j Early Stage ; (] 5 Late Stage
L 1 - | ’
/ 7 I %
- 1| | /
a1
O 2or 1 |1 | ‘Hi
i 1 110 |
a ; § l /
s | |IH |IF Rl
Z j ? [ j
3 | (I I |
a 1
L/ | /
3 o |01 Y
o g | /]
© ‘Bl L
s L laianm +ole
© sl | ¢
o i / / l % -
o g 5 l ¢
E sllS | /
= / '
% % | /]
% / | 9
1 p.

(1) (2) (3) (@ @)
NITROGEN FORMS AND STAGE OF GROWTH

Fig.12—Average percentage of salt-soluble nitrogen compound in soy—
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Table 14, - Salt-soluble Nitrogen Compounds in Soybean Leaf Tlssues at Two Stages of Growth
as Affected by Soil Moisture Level ‘

Forms ' Soil Nitrogen coinpound_s. .
of ! IEIT;_ ' Early stage . R " Late stage
. t f TF t o . s -
_nltrogen | level Rezphca'tes s Mean,~——— ;eplfca{t(;s —— Mean
% of M.E.. ——--_-----‘-—----f-—-‘——-‘-——:—-—--—-—-percent-—Q------—---—-'*-—;—-——-5 —————————
Total N 75 18.9 189  '18.0 187 18.7 140 139 139 145 141
containing . : o :
substancos 120 18.7  20.9 20.3 - 208 202 13.3 4.3 13.0  13.9 13.6
Protein 75 - 10.9 11.4 2.1 11.8 115 7.6 10.7 7.5 7.2 8.3
N 120 13.0 13.2 12.9 13.5 13.1 7.8 8.6 7.8 7.5 7.9
. Nonptotein— - 75 - 80 B 58 el ke B 8% o 6.4 7.3 5.8
N 120 5.7 77 7.3 - 74 71 55 57 - 5.2 6.4 5.7

The data are expressed on oven-dry weight basis.

Replicate No. 4 is a i;ombination of the remaining plant material of replicates 1, 2, and 3.
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The percent ,solu'ble iron ‘Q_n soluble protein nitrogen basis

Bennet (1) has suggested the use of protein nitrogen as a basis
for calculating iron in plant tissues instead of the use of oven-dry
weight where the weights were found to differ in chlorotic and nonchlof—
otic tissues.. |

- The percent water and salt-soluble iron on a protein nitrogen
basis of the extracts were calculated. Table 15 and figure 14 show this
relationship in extracts from stem -tissues, The data show a significant
decrease in the percent of water-soluble iron of chlorotic stem tissues
as compared to nonchlorotic tissue at the second stage .of growth. The
iron percent .on'protein basié decreased significantly only in chlorotic
stem tissue with increasing plant age. The perc‘ent iron oﬁ the salt
extract increased significantly only in nonchlorotic leaves }at the late
stage of growth, No significant difference was detected between chlor-
otic.and nonchlorotic stem tis_sues with respect to the percént salt-
soluble iron on protéin hitrogen basis.

The percent irbn on protein nitrogen basis of the water and salt
leaf tissue extracts are shown in ta,ble 16 and figure 15. The data show
a consistent relationship between water-soluble iron of the leaf tissues
and the degree of green color develbpment when iron was expressed as

percent of protein nitrogen. The percent iron was significantly less in



Table 15. Percent Water— and Salt-soluble Iron on Soluble Protein Nitrogen Basis for Soybean‘
Stem Tissues at Two Stages of Growth as Affected by Soil Moisture Level.

) t 1 . . _2
Forms ' ol ‘Iron/ protein N X 10 | |
of ' tl(l)ré T Early stage o ot o - Late stage
. N ¢ t _ B .1‘. T - - ¥ I — ) Repl fes - T
iron . level 1 — epjz}ca‘ €8 I Mean . ,—— T ;epzlca-e's 3 8 Mean
% of MLE. ====m=-commm—emne e PELCENE == === =~ =~ e e

Water 75 78 46 41 55 58 46 52 52
‘soluble . 120 42 62 72 59 32 22 38 31
Salt 75 23 29 - 22 25 40 45 49 45
‘soluble 120 26 . 23 .23 24 45 44 25 38

Method of calculating iron in plant tissues.
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Table 16. Percent Water- and Salt-soluble Iron on Soluble Protein Nitrogen Basis
for Soybean Leaf Tissues at Two Stages of Growth as Affected by Soil
Moisture Level.

1 1 .
Forms ' S0l Iron/protein N X 102 |
of rtrlli(;,les- v Early stage ' T Late stage
3 o ' : s R t ) ] t
iron  level | v_f;eph'ca‘t_esz . Mean — 1Rep1}cat§s | Mean
% of M.E. o
Water 5 21 22 2l 3.8 2.3 3.1
soluble - 120 3.1 1.1 1.2 2l 2.1 21
salt T . 2.2 2.4 2.3 2.1 2.8 2.5
soluble 120 1.6 1.6 1.6 2.1 2.4 2.4

Method of calculating iron in plant fissues.

8¢
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chlorotic leaves than nonchlorotic ones for Water4solub1e iron. The
.- percent iron on protein basis of the salt extract was low in the chlorotic

leaves only at the early stage of growth.

Trichloroacetic acid-soluble and ingoluble iron in water and salt
extracts from leaf tissues

][i‘on was determined in the trichloroacetic acid (TCA) fractions
of water and salt extracts in an effort to determine the fraction that
caused the diff_erent:e in chlorotic and nonchlorotic total soluble iron.
The total water-soluble iron, TCA-soluble iron and TCA-insoluble iron
values are presbented in table 17 and figure 16. The data show fhat the
éoncen‘t' of TCA-insoluble iron compounds was the same in chlorotic
and nonchlorotic leaves, while the calculated TCA-soluble iron fraction
was high in nonchlorotic leaves. Thé salt-soluble extract of the leaf
tissues did not show any appreciable difference in the TCA,—ii‘on frac-
tions in chlorotic and nonchlorotic leaves, table 18 and figure 17.

Negligible amounts of iron wére found in the TCA-insoluble
fraction of the water and sé,lt extracts from stem tissues. ,Th'erefore,
most of the water and salt-soluble iI_‘Ol‘l‘ in the stem tissues '-Was. Vin:a

form soluble in TCA.
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Table 17. Water-soluble, Trichloroacetic acid-insoluble, and
Soluble Iron in Soybean Leaf Tissues at Two Stages of

Growth as Affected by Soil Moisture Level.

Forms ' Soi.l . Iron concentration
of ' r,:lll(;ls-' Early stage Late stage
iron ' '  Replicates ' Replicates '
. level , 1 5 - Mean ; 1 5 , Mean
% of M.E. =-===s-cmmmmenmm- PPM. == === e e e o
Total 75 22.6 23.6 23.1 23.8 17.0  20.4
soluble 120 16.2 13.1 14.7 16.1 13.7 14.9
Fe
TCA 75 3.0 3.0 3.0 5.4 2.9 4.2
insoluble
Fe 120 5.8 2.1 4.0 5.3 2.1 3.7
TCA 75 - - 20.1 -—— -—- 16.2
soluble 190 --- --- 107 --- -e- 112

The data are expressed on oven-dry weight basis.
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Table 18.

Salt-soluble, Trichloroacetic acid-insoluble, and

63

Soluble Iron in Soybean Leaf Tissues at Two Stages of
Growth as Affected by Soil Moisture Level.

Forms ' Soil , Iron concentration
of I::;":_' Early stage ' Late stage
. 1 1 3 1 4 ] 3 1 ]
iron " level | Repl‘lcates | Mean | Rep'llcates Mean
1 2 1 2 '
% of MLE, ~====-omonmmeeeeae 198 B
ST:I';:&I 75  26.9  23.6  25.2 229 214  22.1
soluble 120 20.6 20.5 20.6 20.6 19.0 19.8
Fe
TCA 75 9.9 4.0 7.0 2.9 2.9 2.9
insoluble
Fe 120 2.9 2.9 2.9 2.0 2.0 2.0
TCA
soluble 75 -——- -—— 18.2 19.2
Fe 120 -—- -— 17.7 -—- -— 17.8

The data are expressed on oven-dry weight basis.
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DISCUSSION

Soil iron

The results of the extraction of soil iron by EDTA and EDDHA
agree with the studies of Wallace (50) for a calpareous soil. It has been'
reported that EDTA extracts less iron than EDDHA due td the great
affinity of the ‘former for calcium (50) or as a result of more hydrolysis
of FeEDTA in the presence of calcium iohs (28). Metwalley and Pollard
(30) found an increase in calcium content of the soil solution with increés-.
ing water content of the soil. Thus, the significant decrease reported
here for soil iron extracted with EDTA from soil at the hiéh moisture
level could be attributed to a relative increase in the free calcium ions. .

The decrease in the amount of iron extracted with amfnon,ium
acetate, pH 3, ‘as compared With water, pH 6, could be attributed to
iron forms that were ,insoluble,é,t the lower pH. Soluble organic forms
of iron var.e usually soluble at high pH values. Water plus anion exchange
resin also extracted less iron than water. This difference could be due
to organic iron formv or forms which possess a net negative charge and
were held on the anion exchange re‘s.in_.‘ T}‘lusv, deqomposing organic mat-

ter in calcareous soils under different moisture levels may result in

65
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different amounts of soluble organic matter being produced which differ

in their chelate stability for iron. The difference in stability of these

‘organic iron forms may influence iron availability for >p1'ar_1ts,

. Plant iro

- The development of lime-induced chlorosis of soybean plants
growﬁ under 120 pércent moisture eciuivaient 1eve1 is in agreement with
the interaction observed to occur under high soil moisture -levels (9,
10,40,

The data have shown that the iron concentrations of leaf and
stem tissues were the same in ,chiorotic and nonchlorotic plants. - Also,
the ratio of total iron in the leaves to total iron in the stem of chlorotic -
plants did not differ from nonchlorofic plantso This indicates.vthat lime-
induced chlorosis is neither a matter of total iron in the tissues nor to
impaiféd translocation of iron from stem to leaves. However, this
may be in agreement with the hypothesis th:'a,triron is ndt equally active
within chlorotic é.nd nonch'lo'rotic plants (6, 8, 36). The pér-cent of the
total iron which wasrwatér-soluble Waé significantly less in chlorotic
steﬁ tissues than nonchlorotic stem tissues at the late stage of growth.
Water-soluble iron in leaf tissues Was s‘ivgnificantly less (on both con-
centration and percent; of the total iron basis)v only at thev early stage of |
growth. In generali,- the v-alues-of water-soluble iron were less in

‘chlorotic tissues than nonchlorotic when the iron was expressed on-a
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protein nitrogen basis. Maier and Catteni (26) postulated that the
decrease in water-soluble iron in}'chlorotic tissues could be attributed
to a difference in the chemical forms of iron or to unequal distribution
-of iron in plant cells. . Perur (37) found that iron accumuiated in the
cell wall ffaétion of soybean and corn leaves as compared to the chloro-
plast or cytoplasm fré,ctionu

The salt-soluble iron values did not show any signifiéant differ-
ence between chlorotic and ﬁonchlo.rotic tissues even when the values
 were expressed on a protein nitrogen basis. The lack of difference
between chlorotic and nonchlorotic tissues in the amount of salt-soluble
iron as it was found in water exfract may be due to the precipitation or
insolubility of certain iron cdmpounds in the salt solufiono However,
the salt solution may dissolve iron compounds which are not soluble in
water. |

The data presented here for 1.0 N hycirbchloric laéid-soklublev
iron in leaf tissues showed that the active iron fraction of chlorotic
leaves was less than that of nonchlorotic leav.es;v This indicates that
the iron fraction soluble in 1.0 N hydrochloric acid was correlated with
lime—iﬁduced chlorosis developed under high moisture level. Since
the.data‘ have shown that the amount of active iron exceeds the amount
- of iron extracted with water, which represénts the cytoplasmic protein
(26, 38), it is cléar. that. part of this active iron is present in another

fraction of the cell. This portion of the cellular iron may be in the
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chloroplast fraction. Perur (37) in his fx;actionation studies of corn
and sojrbea.n leavesAfound that the differehce in iron content between
chlorbtic ‘and nonchlorotic leaves‘was observed only in the chloroplast
fraction. Bennett (1) also suggésted that active iron is associafed with
| active protein in th'le-chloroplast fraction which is active in chlorophyll _
formation.

The decreése in active -iron level in nonchlorotic leaves at the
late stage of growth is in agreement with that found by Bennett (1).
-Since Reuther and Crawford (40) showed that plants grown under '4‘norma1‘
moisture level have about 40 percent more chlorophyllthan the h1gh
moisture treated plants. Thus, the development of 11me 1nduced chlor-
osis in soybean plants may indirectly be related to the effect of high
moisture on the amount of iron that is active in éhlorophyllformationo
~_Several investigators (2, 8, 31) have reported that iron can be inacti-
vated internally in plant tissue by increasing phosphorus and calcium
content in the tissue. . Phosphorus and calcium uptake from the soil by
different plants was reported (4, 17, 30) to be increased by high mois-
ture level. Thus, an increased uptake of these ions by soybean plants
grown under a high moisture level may possibly r,esuit in a physiolog-
ical ‘disturbande which could lead to the accumulé.tionof"inactive forms
of iron" within plant tissue. The inactive fraction which could be

orgainic or inorganic may accumulate in the cell wall, and consequently
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the iron content of the protoplasm of chlorotic plant cells ‘would bé
low. |

With respect to soluble nitrogen compounds, the percentage
water-soluble nitr_égen fractions were much the same in chlorotic and
nonchlorotic plant tissues. This is in agreement with the studies of

- Perur. et al. on soybean and corn plants (3_8)., AThAe salt solution extracted
~ more nitfogenous compounds than did water from stem tissues; how:
ever, all the nitrogen fractions were the same in chlorotic and non-
chlorotic tissues. . Also, there was no differeﬁce between chlorotic and
Ii_onchlorotic leaves with respect to their nitrogen éontent of the salt-
soluble fraction.

AThe data for the} TCA. iron fraction of water Aextrarcts Showed
that the concentration of TCA-insqluble iron compounds was the same
in chlorotic and nonchlorotic 1eaves ‘while there wés a ‘difference in
~the TCA-soluble fraction. «The concentration ofy TCA-soluble iron frac-
tion was less in chlorotic than nonchlorotic leaf tissues. Increasing
the concentrationpf the TCAV—;soluble iron m ’phe Wat_er extract of the
ieaf tiséues may be a characteristic of nonchlorotic leaves. The TCA-

soluble iron fraction in the salt extract of leaf tissues was about the

same for chlorotic and nonchlorotic leaves.



- SUMMARY

'EXperiments were conduéted to determine whether soil moisture
- level atfected the chemical forms of iron in plant and soil. . Soybean
plants, variety Lee, were grown on Adelanto loam soil undér green-
~ house conditions. Two different moisture levels, namely 75 percent
and 120 percent of the moisture equivalent, were maintained in soil
samples placed in individual containers. The same moisture treatments
“were used for,Vseparate s'oil sampleé on which the plants were grown.

- Soybean plants grown ﬁnder the high _moisture level were chlor-
‘otic while thpse under the low moisture level were normally green in
appearance. . Plant samples were taken at two stages of growth.

: Extractable soil iron Was_ determined in.; the moisture treated
soils by uéing diffgre;it geﬁ;tracting agents. | There was a significant

4 M EDTA from soil at the high

decrease in soil iron extracted with 10~
moisture level which could be attributed to a relative increase in the
iree calcium ions.

' Chlofotic and nonchlorotic leaf and stem tissues Weré analyzed

for total iron, water- and salt-soluble iron, and 1.0 N hydrochloric

acid~-soluble leaf iron '(”actiVe” iron). In the‘water_— and salt-soluble

70
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) extracts from leaf and Stem tissues, the nitrogen compounds as well
as the trichlbroacetic acid-soluble and -—ihsdluble’ ir.on fractions were
determined.

The chemical analysis showed the presence Qf equal amounts of
total iron and lelss amounts of vfater-soluble and ”abtive” iron in chlor-
otic tissues as compared to nonchlorotic tissues. The difference_fouﬂd
between chlorotic and nonchlorotic .pliants in the améunt‘ of iron in the
water extract of the leaf tissues was in the trichloro.acetic'acid.-éolublae
fraction. The content of Watér and salt-soluble nitrogen coinpounds
were é.ppr()ximately fhe same in chlorotic and nonchlorotic plants. This
indicated a possible difference between chiorotic and nonchlorotic
planté in the chemical forms and/or distribution of iron within plant.

.. The development of lime-induced chlorosis by the use of high
moisture levels could be attributed to an indirect effect oﬁ the chemical

forms of iron by increasing the plant uptake of interfering ions.
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