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CORRECTLIC ICROIWTRIENT PRCBLE:1S

Yoshincri Kanehire
Dent. of i\gronomy and Soil Science
University of Hawaii

There are 20 eler . s that are thoucht to be essentiaj or functional in the
growth of plants. A1l of these elevients are not required by all plants but all
are needed by some plants. The plant will take up carbon, hydrogen, and oxycen
from carbon dioxide and water. The remaining 17 elancnts are considered mineral
nutrient: and are ordinarily taken from the soil by the plant roots.

ine nutrient elements are often divided into the followino four categories:

1) macronutrients (also called “primary" or "major" nutrients) - nitrogen,
phospaorus, and petassium; 2) secondary - calcium, magnesium, and sulfur; 3) micro-
nutrients (alsoc called "miner" or “trace" elemenis) - copper, zinc, iron, manganese,
boron, and molybdenur; and 4) fuactional - chlorine, sodium, silicon, cobalt, and
vanadium. Sometimes confusion arises because categories or nutrients “overlap";
for example, iron may be placed in the secondary group and chlorine with the ricro-
nutrients. For the purpose of this paper, I uill restrict myself to the micro-
nutrient category as aiven above.

The tern "micronutrients" is today being encourage! to be used more than the
term "minor elements" because the latter tern connotates that the minor clements
play a minor or less essential rcle than the nacronutrient and secondary nutrient
elements, In fact, the micronutrients are just as important as the racronutrients
in the health and arorth of plants. It is only that micronutrients are needed only
in small or "trace" quantities.

liicronutrients have hecome of increasing concern c¢urinc the past 20 years or
so. This has been due to several reasons: 1f in sone cases crop reroval of the micro-
nutrients has lowerad their concentration in the soil below that required for
normal arcwth; 2) inprovad crop varicties ant fertilizer practices have greatly ** -
increased the level of production, causing the micronutrient removal; 3) the trend
toward high analysis fertilizers has tended to eliminate the use of impure salts
which formerly contained some micronutrients: and 4) man's increased knowledge of
plant nutrition has helned in thn ¢iagnosis of micronutrient deficiencies which
heretofore ray have qone unnoticed. CUndoubtediy, one can keep adding to this list
of reasons. -‘nst of thase rcasons will Le directly related to the increasing demand
that the farmer nlaces on tha snil in his quest for increased food an¢ fiber
nroduction, counled with skiinking a~ricultural lands.

Before helping to correct nicronutrient problems, it is necessary that we
first recoqnize some of the probleiis and their contributing factors. In discussing
these probiems, applications to Hawaii situations will be made wionever possible.

fireas and Causes of Micronutrient Deficiency

Except for iron, micronutrient elements are found in small amounts in nost
soils. Their availability to plants is often very low. Therefore, even though the
removal by plants is small comparzd to the macronutrients, the cumulative effects
of intensive crop production rmay rapidly deplete the original limited reserves.
Some of the qeneral situations there micronutrients are most Tikely to be a problem
are: 1) highly leached, weathered acid soils; 2) very high ph (alkaline) soils;

3) soils vhich have been intensively cronped anc heavily fertilized with macro-
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nutrients only; 4) soils which have their surfaces removed through erosion or land-
leveling; and 5) organic soils. In Hawaii, micronutrient deficiency is usually
associated with one or more of the first four situations.

Strongly leached, acid soils tend to Le low in micronutrients bLecause acid
Teaching has removed much of the small quantity of these elements.originally present.
In soils where the surface has been renovecd and where the subsoil is exposed, the
deficiency problem usually becomes more acute because much of the micronutrients are
held in the naturally chelated form in the soil organic matter. Organic matter is,
of course, much higher in the surface than in the subsoil. Table 1 shows vegetative
yield and zinc concentration data on corn arown in a greenhouse test, using surface
scil and subsoil from a zinc-deficient area of Paaloa soil (now classified as Tropo-
humults formerly Humic Latosol) in Helenmano, Oahu, with and without the addition of
zinc sulfate. You will note that growth (as measured by yield) was better and con-
cegtrq%ion status higher in the corn plants groun in the surface soil than in the
subsoil.

High pH (alkaline) and calcareous conditions can bring about a deficiency in
five (copper, zinc, iron, manganese, and boron) of the six microelemcnts concerned.
In Hawaii, a hioh pH situation is usually-associated with coastal soils derived
frem coral parent material. A good example is iron deficiency found in sugarcane
qrowing in Eva near the beach area. Under acid conditions where the concentration
of one or nore of these five microelemcnts may be hich enough to bo toxic to plants,
liming will reduce the solubility of these ions. In the case of molybdenum, an
oppesite situation prevails as far as the effect of pH is concerned; that is, acid
soil conditions have a depressing effect on the availability of this element. -
Molyhdenum deficiency has been found in certain acid soils in.Hawaii; e.g., alfalfa
nas responded to the application of molybdenum in the Uahiawa seil (now classified
2s a Eutrustox, formerly a Low Humic Latosol) at the Poamoho Station (Younge. and
Takahashi, 1353).

The oxidation state of a soil affects the valence status of three micronutri-
ents: iron, managenese, and coprer. The lover-valence states (or reduced states)
are encouraqed by Tow oxygen and hich moisture conditions. High pH aenerally favors
oxidation, while low pH favors reduction. The oxidized states of iron, manganese,
anc copper are qenerally much less solubls than the reduced states at pH values
common in most soils. A combination of hich pH, good drainage, and aeration in tho
soil sometimes causes deficiency of available iron and manganese. In Hawaii, iron
aeficiency is also found in acid soils under well-drainad conditions,even in the
nresence of hioh amounts of total iron. This situation arises because soluble iron
is rendered insoluble in the presence of higher valence oxides of manganese. San-
ford (1969) presented the following oxidation-reduction reaction to show this con-

version: : .
2 Fe'? & n*l = 2f™d T+ w2
Soluble Fe Insoluble d¥n . Insoluble Fe  Solutle Mn

"Pahala blight" of sugarcane at Pahala, Island of Hawaii, has served as a clas-
sic example of manganese deficiency. With manganese, the problem in some of the
Cxisol in Hawaii is one of excessive amounts (Sherman and Fujimoto, 1946). 1In the
latter situation, lining the soil would 1ikely be the most practical method in de-
creasing manganese availability in rmost situations. Reports on copper deficiency
have been increasingly noted in recent years in the Islands. Hori (1970) reported
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"soft onfon", a disorder which was eliminated by the application of copper at tula,
laui. Olney (1969) reported response to copper aprlication with some agricultural
and ornamental crops of Hawaii.

The application or the prasence of large cuantities of certain elements can
reduce the availability of several of the micronutrients, Excessive phosphates
often cause Towered iron and zinc untake. Table 2 illustrates this situation with
zinc, using corn arown in zinc-deficient Hoolehua (ystropepts formerly Low Humic
Latosol) soil (IsTand of Lanai), with and without nich rates of phosphorus. You
will note that zinc concentraticn keeps decreasinc as the race of phosphorus goes
up in both no-zinc and 27-pound-zinc treatments, Heavy nitrogen fertilization may
intensify copper deficiency. Excess copper may, in turn, together with high manga-
nese and zinc, adversely affect molybdenun uptake. Boron deficiency is known to be
accentuated by hich potassium and calciun. Since micronutrients are recuired in
small amounts, control of the quantities addad is highly essential in maintaining
nutrient balance.

Recoonizina Ficronutrient Deficiency Symptoms

Unless severe, micronutrient deficiencies are not easily detectable. One may
find it necessary to evaluate qrowth and yield in considering the possibility of
a micronutrient deficiency. Symptons also vary from plant to plant. Furthermore,
young plants displavina deficiency sympteoms may outgrow thesz symptoms vith time.
This is especially true of rarginal cases of deficiency. !hat this usually means
is that, as th2 plant matures, there is a larger distribution of roots vhich, in
turn, means greater accessibility to the available micronutriont. When deficiencies
are severe, however, plants often exhibit characteristic symptoms. The following
are some of the symptems associated viith deficiency in:

1. Iron. Terminal leaves first show vellowing between the veins, with veins
remaining areen. As severity increases, entire leaf turns yellow. Leaves are also
much smaller than normal. Plants are spindly and weak,

2. Mancanese. At first therae is oradual fadino of green color along outer
edges of Teaves. Fadinng moves up betwicen m2jor lateral veins, with veins and areas
next to them remainine dark green. In severe cases, light-green color may become
gray or whitish, Sometimas small necrotic spots develop on leaves.

3. Zinc. Rosetting of the terminal -rovth of larger types of plants occurs.
This condition is also called “1ittle leaf’. Interveinal areas of Tecaves become
mottlec yellaw, extendina to the edge. Veins and areas next to then remain green.
Plants are stunted in severe cases.

4. Copper. Terminal leaves grou short cistances. There is a cieback of grow-
ing tips in severe cases. Rosetting often precedes dieback. Leaves are curled and
become rolled in certain plants. In sonc mild cases, only edges of upper leaves
dry up and plant takes on a liahter color,

5. Molybdenum. There is a mottled yellovish color between veins and around
the margin of the Teaf. Tissue in affected arnas ray die, leaving dead spots be-
tween veins and a scorched rin around the leaf margin. Leaves often curl unvard,
giving cupped appearance. Plant 15 stunted in severe cases.
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6. Boron. Symptoms vary greatly frcm plant to plant. In some the top leaves
turn red or yellow. Boron-starved plants may become stunted and appear bushy.

Ine color slides presentec in the talk will help to illustrate these symptoms.
As much as possiblie, exariples are those of local crops and situations.

Corrective Measures

- A program-of corrective ineasures for micronutrient deficiencies is quite heav-
ily hbased on a “trial and error” anproach. This is because soil and plant testing
and recommendations for the ricroelanents is still nore of an empirical art than a
sctence. The lack of quick, routine and reliable soil tests, plus the lack of good
interpretative data for many crops, particularly to cover various stages of growth,
handicaps a recormendation projram. 0F late, thases needs ar2 beinn increasingly
recognized at the national level, as evidenced by such publications as “"Soil Testinn
and Plant finalysis. Part I. Soil Testing. Part II. Plant Anmalysis", (1967)
and “iicronutrients in Agriculture" (1972). These cor:prehensive publicaticns re-
sulted from two symposia sponsored by the American Society of Agronomy., '

icronutrient fertilization to correct deficiencies can be done from different

approaches and methods. To cope with thase differencas, fertilizer manufacturers
nave come up vith many kinus and types of fertilizers. iicronutrients can be applied:
1) as a sinale microelement fertilizer, 2: in a combination mixture of microelements,
or 3) as a supplemental addition in a macronutrient or primary fertilizer mixture.
Micronutrients can also be applied to the soils, sprayed on the plants, or applied

in the irrication wataer. They can also be used as the incrganic salts or as the
chelated, fritted, or otiier forms. Let us discuss some of these corrective mea-

sures.

Jne way to correct micronutrient probleus is to use the "shotoun mixture"
aperoach. In this approach the idea is to have insurance against any deficiency
arising by using a fertilizer mixture vhich contains all the micronutrients. Quite
often the grover is forces to take this auproach for lack of a better way. If
enoumn interpretative soil and plant data arc available, however, this approach is
not recomnenced because this practice may risk upsetting the balance of plant
nutrients in the soil. 1It, of course, is also wasteful if the element(sg is not
needed, or it may even contribute te toxicity. lherever possible, it is better
to establish that a deficiency does exist and then to determine the effective rate

to apply.

Micronutrients can be anplied to the soil (broadcasted, drilled in, or in the
irrigation vater), or to the plant as a foliar spray. Soil application may be nore
desirable, practical, and econcmical in many situations. Under certain conditions,
e.g., in an orchard vhere the trees are so larce that movement of a spray rig Se-
corles almost impassible, soil application may be the only practical method of apnli-
cation. Another advantage of soil application is that a heavier rate can be applied
at a time so that frequency of applications can be reduced. Table 3 aives recom-
mended rates from two sources. -You will note that Sauchelli's recommended rates
ar2 lower than those of Buckman and Brady. I am inclined to go along with the latter
rates under most tawaii conditions. Ccrmonly used inorganic carriers are listed in
Table 6 to supnly th2 dasired nicroelenenis. There are, of course, other carriers
that ray be used in nlace of those listed. ‘hatever is used, however, it is impor-
tant that ve note the chemical formula because ihis will determine the percentage
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of microelenent found in the compound which, in turn, determines the required amount
necessary to provice the desirad microelenent weight. For example, if Zn SOp.7Ho0
(molecular weight of 297) is used as the carrier, this means that it contains 22.8
percent zinc, and it further means that it will take 4.4 pounds of Zn 50,.7H 0 to
provide 1 pound of zinc. .low, if we were to use Zn S, .H,0 (molecular wéight of 179)
the zinc percentace will be 3G.4 and it i1l take 2.7 Joufids of this carrier to pro-
vide the comparable 1 pound of elemental zinc.

Foliar spray is becoming morc popular today. The biggest advantage is that
micronutrients can be conveniently included in sprays with macronutrients and otner
materials, such as insecticides. .lumecrous examnles of responses to ircn, manjanese,
and zinc have beer found and, to a lesser extent, copper, boren, and molybdenuri.
The recent develepments in sprinkler irrigation raises the possibility of greater
incorporation of micronutrients (and macrcnutricents) into spray-irrigation programs.
Hetting agents may increase effectiveness of these sprays for most crops. Enough
pressure should be supplied in the sprayer so that a fine mist can be obtained to
?iv$ g?od4coverage on the foliace. Suggested foliar application rates are given

n Table 4.

Risk of injury to plant fcliage sometimes accompanies foliar feeding of nutri-
ents. There are sunqested concentrations of micronutrient sprays in Table G. The
concentrations in this table sheculc be modified, dependine on local cenditions,
kinds of plants, stage of plant arovth, and other factors. For examplz, spraying
durine midday »i11 risk greater foliar injury than during merning hours. I hot,
dry spell also intensifics this risk. Younc scedlings are likewise more susceptibie
to injury than older established plants. Scmetimes it is nzczssary to take stock
of one's disease and pest sprays hecausc occasionally scme of these materials al-
re3d¥'contain a micronutrient, e.g., bordoaux mixture, is mace up of copper sulfate
and lime,

The use of chelates of iron and zinc for soil and plant applications and to a
lesser extent of mangancse and cogper has been steadily increasing in recent years.
To give you an idea of the increasing popularity and availatility of chelates,
Sauchelli (1960) lists five main synthatic chelating agents that are now available
for agricultural and horticultural use, based on the following acids:

ECTA: Ethylenadiaminctetraacetic acid.

HEEDTA:  Hydroxvethylethylunetliaminetriacetic acid.
DTPA: Dicthylenetriaminepontaacetic acid.

EDDHA: Ethylenedianina di-o-lydroxyphenylacetic acid.
APCA; Miino polycarboxylic acid.

EDT.. and HEEDTA have provad most effoctive in making iron and zinc
EEB%Aable to plants in acid te slighitly alkaline soils. OTPA and
A are suitable for use in ca’icarcous soils.

A chelate is an organic compound which combines with and protects metallic
cations, including iron, zinc, manganese, and copper. These rretals lose their
usual ionic characteristics and, therefore, are less likaly to take nart in re-
actions with other soil constituents. The protected cations are not as subject to
precipitation and other reactions; conscouently, the desired metallic element re-
mains in solution for lonrer neriods of time, which increases its availability to
the plant. Since chelated micronutrients do not behave as cations and are less re-
active in both fertilizer and soil, they can be effectively incorporated into many
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fertilizers that would render inornanic sources unavailable to plants. Because of
these aforeiienticnec properties, many micronutrients, especially iron and zinc, are
more effective than the inorganic forms. Figure 1 shows the results of a green-
house test with corn on the effectiveness of chelate vs. sulfate sources of zinc.
The data show that vegetative yields vere areater at 20- and 40-pound rates when’
the source was chalate as compared to the sulfate source. On the ninus side of
chelates is their higher cost as compared to the inorganic salts. Vhen, hovever,
they are compared on the basis of effectiveness, they appear quite competitive on
a per acre, net cost basis (Sauchelli, 19¢9). Chelating agents are decomposed by
sunlight (Sauchelli, 1969) and thus this becomes an important consideration in a

spray prodram,

In additon to the inorganic salts and chelates, frits and polyflavonoids are
coming into the market as sources of micronutrient fertilizers. Both of these types
are classifiéd as the slowly available type of carriers. In frits, tihe microelements
are held in a matrix of finely ground glass particles. Iiicronutrients are released
in the soil as the matrix disintegrates, and control ovcr the rate cf release is
made possible by varving the hardness of the glass and its particle size. Poly-
flavonoids are byproducts of the wood pulp industry. They are water-soluble cori-
plex materials of hich molecular weight. They are nonphytotoxic but are less bio-
logically stable than are synthetic chelates. Because of these properties they arc
more useful as fcliar sprays than as supplaments to soil-anplied fertilizers.
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Table 1. Vercetative yield and.zing analysis of corn
grown in surface and subsoil (Paaloa Silty Clay)

Treatment Surface soil Subsqf]

No' Zn 22 10
Veg, yield (g/pot) 25 16
In (ppm)

18 1b. Zn
Vag. yield (g/pot) 33 23
Za {ppm) 33 28

Table 2. Effact of phosphorus and zinc on the zinc
Content %ppm) of corn gron in Hoolehua
Soil (average of threc replicates)

P, 1L/acre Si¢. diff. for
1u/acre 0 43C 1308 Zn treatments
9 14.3 10,3 7.0
27 37.3 27.3 10.7 7.2

Sig. diff. for P treatnents 8.2
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Table 3. Common'micronutrient fertilizer rates for soil application

1b/acre (expressed as the elemen*)

iiicronutrient Buckman and Gradyl/ Sauche11i2/
Iron 15 - 50 0.5 - 10.0
ilanganesa 15 - 30 g.3 - 20.0
Zinc 5~ 50 0.35 - 20.0
Copper 2 -~ 50 1.2 - 25.0
doron 5«30 0.25 - 10,0
bolybdenum loz- 2 C.C2 - 2.4

Tabla 4. Micronutri7nts to apply as sprays. (High volume: 50-150

qgal/acre)3
1b/acre
Micronutrient (expressed as element)
Iron 4 - 12
ltangancse 1- 2
Z'“'IC 0.3 - 007
Copper 0.3 - 3.5
Bbron 0.1 - 0.5
().05 - 00]

tlolybdenum

1/8uckman, I, 3. and Lrady, . C.
Soils. The ‘acmillan Company. .lew York.

2/Sauchelli, V. 199,

1969,

The {ature and Properties of

Trace Elemants in Agriculture.

Van iJostrand

Reinhold Co.

dev York,

Q/Hittwek, S. H. 1967, Foliar fpplication of Nutrients. Plant Food

Peview. Vol.

13, No. 2, p. 14
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Table 5.. Commonly used éarriers to supply micronutrient elaments and the amounts
needed to supply a pound of the micronutrient element.

% micronutrient Pounds of carrier

Form used Symbol Commonly used Chemical element needed to give
:ifcronutrients by plant of forr carrierl/ formula in carrier 1 1b. of element
Iron Cation Fe'™ Iron sulfate Fe SO¢.7H20 20.1 5.0
iflanganese Cation Mntt Manganese sulfate Mn 504 36.4 2.8
Zinc Cation Zn™t  Zinc sulfate Zn S0,.7H,0 22.8 4.4
Copper ‘Cation cutt’ Copper sulfate Cu 504.5H20 25.4 3.9
Boron Anion B,.05~  Sodium Na,B,0,.10H,0 28.3 3.5
_4 7 tetraborate 247" 2
("borax*)
Molybdenun Anion MoOE' Sodium molybdate  Ha,lo0, 46.3 2.2

1/0ther carriers may, of course, be used to supply the desired micronutrient element. It is also important to
note the chemical formula of a carrier (e.g., "zinc sulfate" can be marketed as: 1) Zn S04.7H20; 2) Zn S04.Ho0; or
3) Zn S04), since the chemical formula will determine the values in the two right columns.
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Table 6. Suggested concentrations of micronutrient sprays

16/100 gal
iiicronutrient Carrier water
Iron Iron sulfate 1-10
Manganese ﬂanganese sulfate 3
Zinc Zinc sulfate 2
Boron Sodium tetraborate ("borax") 0.5
ilolybdeium Sodium molybdate 0.2

Copper Copper sulfate 2
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Figure 1. Effact of to sources of Zinc on
dry matter yield of corn. 1/

%/Md. T. Amed. A study on the effuct of chelates and chelating agants
n releasing zinc and other micronutrients in Hawaiian soils. M.S. Thesis
196y, University of Hawaii. Honolulu. MI. .



