
CHAPTER 10 

Micronutrients 

A number of elements that are required by plants in very small quantities are 
known as micronutrients or trace elements. This term usually applies to elements 
that are contained in plant tissues in amounts less than 100 mg/kg. Although trace 
elements have been known to affect plant growth for many years, they have been 
studied intensively since 1950. When other growth factors kept yields at relatively 
low levels, seldom did micronutrients limit growth and yield. But with the advent 
of modern fertilizer technology, irrigation, and new varieties, came very high 
yield potentials. Micronutrient supplies in soils that were adequate for 40, 50, or 
even 100 bushels of corn per acre were not adequate for yields of 200 or more. 
Thus, the need to study soil fertility from the micronutrient standpoint became 
more pressing. 

Our ability to study micronutrients has always been closely tied to our ana
lytical capabilities. Although colorimetric methods have existed for many of the 
micronutrients, they were laborious and often subject to a variety of interferences. 
When atomic absorption spectrophotometry became common in the early 1960s, 
it lent itself well to determinations of the trace metals Zn, Cu, Mn, and Fe, as 
well as other trace metals, such as cadmium and nickel which are potentially 
toxic. Inductively coupled plasma emission spectrographs gave us the ability to 
analyze for many elements at the same time, thus greatly reducing the cost of 
analysis. 

10.1 CLASSIFICATION OF MICRONUTRIENTS AND TRACE 
ELEMENTS 

The micronutrients that are essential for plant growth are zinc, copper, iron, 
manganese, boron, molybdenum, and chlorine. Others such as vanadium, sodium, 
nickel, cobalt, and silicon may have some function in plant growth. It is obviously 
very difficult to purify all growth media to the point of proving essentially for a 
trace element. Consequently, others may be added to this list at a later date. The 
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term trace element may be more in the discussion of certain metals 
that are essential for animal or in fact toxic to either plants or animals. 

Certain trace elements are essential for animal growth and are 
furnished to the animals (including human beings) the material con-
sumed. Included in this list would be cobalt, selenium, iodine, and 
perhaps tin and nickel. Other elements are known to be toxic to 
or both. These include mercury, lead, and cadmium. For many others, the levels 
will determine the toxicity or beneficial nature of the element. For example, 
chromium, which is required in very low levels for animal growth, may enhance 

growth under some conditions. But chromium can be quite toxic to both 
and animals if present in very levels. 

A complete discussion of all trace elements is beyond the scope of this text* 
We will focus here on the identification of soils and cropping systems that are 
likely to be infertile because of micronutrient deficiencies. We will also discuss 
how to identify and correct the deficiencies. The elements covered will be Zn, 
Cu, Fe, B, and Mo. 

Of the six essential micronutrients that we will four- Cu, 
and Fe - exist as cations in soils and two - B and Mo - exist as anions or 
uncharged molecular species. The discussion will reflect these differences. A 

the different that micronutrients may take 
10.1. 

will on the micronutrient and 
of soluble micronutrients 

matter, or addition 
the micronutrient may 

a number of reactions. of the micronutrients will 
soils, A micronutrient may be absorbed a or micrC)OrJgarusxn. 

removes micronutrients from the system. Micronutrients 
which is formed as residues are 

This process immobilizes micronutrients as does other 
nutrients. 

either by soil organic matter or by 
inorganic soil is an important mechanism of removing micronutri
ents from the soil solution. Finally, micronutrients may leach from soils. But 
generally, leaching is a minor component of the mechanisms by which micron
utrients are removed from the soil solution. 

* For those interested, Applied Soil Trace Elements, B.E. Davies (Ed.), 1980, and Micronutrients in 
Agriculture. No.4, J.J. Mortvedt et al. (Eels.), SSSA, Madison, WI, are recommended. 
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1. Soluble salts and 
mineral weathering· 

Mn+ An
SOLUTION 

M COMPLEXES 

Figure 10.1 The general cycle for micronutrients in soils. 

10.2 COPPER AND ZINC 

Both Cu and Zn occur in the earth's crust 

8. Adsorption by 
organic matter 

Af5''"'"''"'"' rocks contain amounts of Cu and Zn than do ""'Hu''""""a.L 
and both elements concentrate more in basalt than in 
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contains on the average 55 ppm Cu and 70 ppm Zn. Soils total 
elemental content from 2 to 100 ppm Cu and from 10 to 300 ppm 

10.2.1 

Except for copper's occurrence in certain minerals, it is bound stron-
ger adsorption, by organic matter, as shown reaction 8 in Figure 
10.1, than by precipitation. Thus, profile distributions of Cu tend to follow the 
organic matter distribution, with higher concentrations in the surface horizon. 
These distributions reflect increases in Cu in horizons that have accumulated 
organic matter (as in spodic horizons). It has been shown that carboxyl and 
groups are important as the functional groups binding Cu to soil organic matter. 
Copper is more strongly bound organic matter than other with the 
exception of Fe and Al. 

The role of organic matter in Cu chemistry is also indicated by analysis of 
the soil solution. Greater than 99% of the Cu in the soil solution is complexed 
by organic matter. This complexing is of great in unuuu:wt!wtg 
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Cu in solution for utilization" Of the 
ion fonn if the solution is less than 6"9" The 

if is above 6"8" CuOH+ does 
the other two 

Deficiencies of Cu are found in mineral soik 
vvll!wuuu15 little ash are more to be deficient When 

soils are any one of a number of Cu carriers are 
the common carriers are listed in Table 10" L The initial '"1-'IJH''"'"'v" 

be banded at the rate of 6 Because Cu accumulates in no 
additional amount need be added for crops that little to Cu after 20 

has been over a of years" This amount needs to be 
cropso 

T!lbie Examples of Copper Carriers 

Carrier 

Basic copper sulfate 
Copper sulfate 
Cupric ammonium phosphate 
Copper EDTA chelate 
Copper HEDTA chelate 
Copper frit 
Cupric oxide 
Cuprous oxide 
Copper chloride 

NaCuHEDTA 

198L 

89 

Much data has accumulated a decrease of Zn with 
But identification of a solid 

Zn 

mean of 60 for 20 soils, "'-'-v<•uw•;; 

The of matter in available Zn in soils is often 
which appears in areas where the surface soil has 

been m for or the 
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Figure 10.2 The relation between the zinc content of clover and soil pH. 

installation of tile lines. Here the effect may also be due to increased 
since removal of the surface very often exposes calcareous B and C 

horizons. 
levels of P in soils have been known to """'"''"'J Zn '"'"'''"'""''Y 

Table 10.2 Interaction of Phosphorus and 

Zinc sulfate 
Residual (1 

Source: Judy, Lessman, Rozycka et al., 1964. 

39.8 
24.3 

The exact cause of the Zn-P antagonism has been difficult to determine. But 
several factors are from a soil The Zn-P an1tag<omsm 
occurs on calcareous soils and may be related to Fe availability. "Mw~'""~'" 
relationship may not be a soil relationship but one within the 
cations of Zn will readily overcome the P-induced Zn deficiency. The Zn 
cations show a considerable residual effect, indicating that total available Zn in 
the soil is very in preventing Zn deficiency (Table 

The experiment was initiated in but severe in the summer of 
1965 eliminated yields that year. Residual Zn was very effective in increasing 
yield, not only the three years recorded here but for several additional 
years. The lower yield for the 3 of Zn banded yearly for this site 
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Table 10.3 Effect of Residual Zinc on Yield of Pea Beans 

Time of Crop yield, bushels/acre 
Zinc, 

None 
3.0 

25 
122 

Carrier application 1966 1967 

ZnS04 

ZnS04 

Clinker 

Yearly 
1965 
1965 

4.2 
17J 
19.9 
17.7 

0 
3.7 

19.0 
18.6 

Source: Brinkerhoff et al., 1966, 1967, and Vinande et al., 1968. 

shows that this rate of Zn was not adequate for this very Zn-deficient soil. Other 
data have shown that banding Zn is a satisfactory method of it if 
sufficient quantity is used. 

Carriers for Zn are given in Table 10.4. carriers have been satisfac-
tory for correction of Zn deficiency. If the less-soluble forms of Zn such as ZnO 
are should be finely ground. There is considerable evidence that the 
less soluble carriers should be broadcast and into the soil, whereas 
the soluble carriers, such as ZnS04 and Zn chelates, should be banded with starter 
fertilizer at time. Rates of 3 to 4 of Zn as carriers 
band with a starter fertilizer each year are satisfactory. Chelated material 

at one-fifth the rate of the carriers. A single broadcast 
"'"'''"'A"~""'v" of 25 for many years. 

Table 1 0.4 Examples of Zinc Carriers 

Carrier Formula Percent Zn 

Zinc sulfate 0 H20 36 
Zinc oxide ZnO 
Zinc carbonate 52-56 
Zinc EDTA chelate Na2ZnEDTA 
Zinc HEDTA chelate NaZnHEDTA 9 
Raplex zinc ZnPF 0 

Source: Robertson and Lucas, 

Considerable success has been obtained 
izers. For ZnO 
soluble and available to 
found to be beneficial in we must question the 
use of starter fertilizer as a carrier of Zn in field situations in which the 
Zn deficiency is induced by high-P soil levels. 

10.3 MANGANESE AND IRON 

To a certain extent, Mn and Fe have similar chemistries in soils. Both will 
exist in more than one oxidation state: Fe2+, Fe3+, Mn2+, Mn3+, Mn4+; 
both are affected drainage conditions of the soils. Both are precipitated as 
oxides and hydroxides, but Fe forms far less soluble compounds. The total 
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concentration of Mn and Fe in soil solution is increased 
colloidal organic matter. 

10.3.1 
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In well-aerated, high-pH soils, Mn is expected to precipitate as and is 
removed from solution as shown by reaction 2 of Figure 10. 1. But as 
decreases, MnC03 becomes the more stable phase. Here a paradox develops since 
high C02 levels develop in soils when drainage is poor, which decreases the 
solubility of Mn due to precipitation of MnC03• But on the other poor 
aeration favors the reduction of Mn4+ to Mn2+ and reduced Mn compounds are 
more soluble. 

Soluble Mn is thought to be in the form of Mn2+ but it has been shown that 
80 to 90% of the Mn in soil solution is complexed with organic matter. Steam 
sterilization reportedly makes Mn more soluble because it reduces and hydrates 
Mn compounds. It is true that steam sterilization releases but the reason 
appears to be that steam alters the functional groups on organic matter. We do 
not know whether altering the functional groups releases more colloidal 
matter to soil solution, which is capable of chelating or whether it reduces 
the soils to adsorb Mn (Table 

Table 10.5 Effect of Steam Treatment on Change in Mn Fractions of a Houghton 
Muck 

Mn 
added Time before Steam Easily 
ppm extraction days treatment Water Exchangeable reducible 

0 5 hours 3.0 8 -8.5 
800 0 none 49 324 107 
800 35 none 0.4 216 
800 35 hours before 50 342 01 

extraction 
800 35 5 hours before 299 

Mn addition 

Source: Calculated from data of Kozakiewicz and Ellis as in Applied Soil Trace 
Elements, 1980, Brian E. Davies, Ed., John Wiley & Sons, York. 

The availability of Mn in the field has been difficult to A 
number of reasons may account for this. Since Mn solubility is related to oxida
tion-reduction reactions in the soil, the availability of Mn is closely related to 
weather. Cool temperatures may slow down the mineralization of organic Mn. 
On the other hand, cool temperatures associated with high levels of rainfall in 
early spring may keep more Mn available due to reduction of Mn oxides. 

There is an interaction between Mn and Fe. High levels of available Fe in 
organic soils or levels of organic matter in sands may lead to Mn deficiency 
because of the high ratio of Fe to Mn within the This ratio is particularly 
important since certain chelated Mn carriers will actually make the situation worse 
rather than correcting Mn deficiency. Data in Table 10.6 shows that the "'1-'IJ"'''"''"" 
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of as little as one Mn per acre as MnEDTA reduced the of 
about 50%. Similar data were observed for onions. The reason is 

that the soil had levels of available Fe and low levels of available Mn. The 
Mn added as the chelate dissociated and was rendered unavail
able, the chelate to complex more Fe, thereby increasing the available Fe. 

Table 10.6 Interactions Between Manganese Carriers, Soil pH and Yield of 
Soybeans 

Mn treatments time Yield of soybeans, bushels/acre 
Mn, pounds/acre Carrier fertilizer pH 6.4 pH 7.5 

0 None Acid 19.2 22.1 
10 MnS04 Acid 30.8 30.1 

1 MnEDTA Acid 17.2 24.1 
0 None Neutral 9.2 24.0 

10 MnS04 Neutral 23.7 30.9 
1 MnEDTA Neutral 10.9 13.4 

Source: Rumpel et al., 1967. 

A number of Mn carriers may be used to correct Mn as shown in 
Table 10.7. sulfate has been the most satisfactory material for most 
situations. The inorganic carriers MnO and Mn frit are not water-soluble carriers 
and must be to be finer than 100-mesh is essential and 
finer than 300-mesh is desirable. MnEDTA is not for soils 
and sands in matter that may contain a of available Fe 
Mn. 

T!ible HU Examples of Manganese Carriers 

Carrier 

Manganese sulfate 
Manganous oxide 
Manganese fril 
Manganese EDTA chelate 
Various other organic 
Manganese complexes 

Frit 
MnEDTA 
Mn-organic 

Source: Robertson and Lucas, 1976. 

12 
5-12 

The recommended rate of Mn application when Mn is 
varies with soil pH and mineral content. Generally, if soil pH is above 6.5, from 
4 to 8 of Mn is recommended for mineral soils. If is from 6.0 
to 6.5, from 4 to 6 pounds of Mn is adequate. In all cases the Mn should be band
placed at time for best results. For organic soils, if soil is above 6.4 
an application of from 4 to 16 of Mnlacre is rec:onlmlc:ncled, ""l~"~''uu•~ 
upon the severity of the If the pH is from 5.8 to 6.4, then 4 to 12 
pounds of Mn per acre is recommended. Foliar sprays with Mn may also be used 
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if they are compatible with other spraying programs or if the Mn ~,.,,m .... u,, 3 

appears after the crop is planted. 

10.3.2 Iron 

Few, if any, soils are deficient in total Fe since the total Fe content of soils 
varies from 1,000 to 10,000 ppm. But the of Fe in soils may be limited 
by the low solubility of Fe hydroxides and Fe oxides in the range in which 
crops are grown. 

Soil conditions which lead to Fe deficiency in include above 
low moisture content, and low organic matter content. These conditions are 
encountered in the more arid western states of the U.S. When Fe deficiency is 
seen in other areas, for example in the north-central region of the U.S., it is 
normally associated with removal of the surface soil and exposure of calcareous 
subsoils. In these areas, iron-inefficient species, pin oaks for example, may exhibit 
severe Fe deficiency. 

Because of the very limited quantity of Fe3+ ions in the soil solution of 
calcareous soils, it is obvious that organic matter must a significant role in 
keeping Fe in soil solution by forming very strong matter vVJllli-J''""''"" 

Plants then obtain Fe from these complexes reducing the Fe3+ to Fe2+ at the 
root surface, as shown in reaction 5 of Figure 10.1, and the Fe 
from the organic -..v'"P'"'-"A· 

The rate of reduction of ferric to ferrous iron has been found to be 
increased when a is under Fe stress. have been devel-

to reveal the location of active 
10.3 shows that the active sites in tomato 
located either on lateral or near the of the 

that are grown without Fe and with P added show much more of the 
A of lateral root hairs confinns that the site of the 

reduction is on the root hair and not on the 
The dark indicates intense on these root hairs of 

an Fe-stressed The plant's to to Fe-deficient conditions 
becoming able to reduce Fe3+ at the root surface is remarkable and uu•uv•cav'""''"''-Y 

accounts for the rather low number of soils that produce with an Fe 
deficiency in the field, even under calcareous conditions. 

Correcting an Fe deficiency is very difficult because it is caused chemical 
conditions within the soil and not from low total Fe content. If soluble Fe is 
added to the soil, it is very quickly precipitated and then is not available to 
Consequently, treatment of the deficiency must be limited to acidification of the 
soil, thereby solubilizing some of the Fe present. It is also possible to add Fe as 
a chelate that is so stable that it does not dissociate in the soil. Spraying 
with a soluble Fe source is another possible Fe treatment. 

The chelates FeEDDHA and FeHEDTA are satisfactory under many soil 
conditions. Soluble carriers are useful for Fe-deficient plants. Some 
information about these carriers is given in Table 10.8. 
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Figure 10.3 Tomato roots showing the location of iron reduction sites in response to iron 
stress in plants. Notice the staining of the lateral roots (darker areas) on the 
- Fe plants. (Photograph courtesy P. F. Bell and R. L. Chaney. University of 
Maryland, the USDA, Beltsville.) 

Figure 10.4 A close-up of iron-stressed lateral root hairs. Notice the staining on the root 
hairs but not the epidermal cells between the root hairs. (Photograph courtesy 
P. F. Bell and R. L. Chaney. University of Maryland, the USDA, Beltsville.) 
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Table 10.8 Examples of Iron Carriers 

Carrier 

Ferrous ammonium phosphate 
Ferrous sulfate 
Fe chelates 

Formula 

Fe(NH4)P04 · H20 
Fe2(S04)3 • 4H20 
FeEDTA 
FeHEDTA 
FeEDDHA 

Source: Robertson, Warncke, and Knezek, 1981. 

Percent Fe 

29 
23 

9-12 
5-9 

6 

10.4 BORON AND MOLYBDENUM 
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Boron and molybdenum are unique micronutrients because they exist in the 
soil as either anions or uncharged molecules. Because they take these two forms, 
their chemistry in the soil and factors that affect their are quite 
different from those of the other micronutrients. Both B and Mo, however, are 
much more strongly adsorbed by soils than other such asCI- or N03-. 

1 0.4.1 Boron 

Boron exists as undissociated H3B03 or as the anion - in soils and in 
soil solution. Either form should be mobile in the soil solution. But both forms 

either Fe or AI h"•'~r,.,.v1liPo 

fewer the number of vAIC'V,>vU 

minerals also adsorb B. 

Boron accentuated when soil contains little moisture. 
Consequently, will very often be observed 
periods, but after the soils are unJ"·'"''''" back to field the new 
growth will not show B deficiency. 

In addition to deficiencies of toxicities must also be considered. Boron 
may be added in irrigation waters or in sludges and wastewaters. Toxicities are 
very crop dependent; beans may show severe toxicity, whereas sugar beets, 
under the same conditions, will not show toxicity. A number of B carriers are 
shown in Table 10.9. 

10.4.2 

Concentrations of Mo in soils are very low. Its is generally limited 
by adsorption of MoOl- rather than by precipitation. Hydrous Fe oxides and 
hydroxides are known to adsorb Mo strongly, which undoubtedly explains why 
Mo deficiencies most often occur on very acid soils. In alone will 
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Table 1119 Examples of Boron Carriers 

Borax 
Boric acid 

Carrier 

Sodium pentaborate 
Sodium tetraborate 
Sodium tetraborate pentahydrate 
Boron frits 

Formula 

Na2B40 7 • 1 OH20 
H3B03 

Na2B100 16 · 1 OH20 
Na2840 7 

Na2B40 7 • 

Frits 

Source: Robertson, Lucas, and Christenson, 1981. 

SOIL FERTILITY 

Percent 8 

11 
17 
18 
20 
14 

10-17 

generally correct Mo deficiency. But in certain areas of the world where lime is 
not available, a few ounces per acre of Mo will substitute for many tons of lime. 

Carriers for Mo are listed in Table 10.10. Usually about one-eight to one
quarter pound/acre of Mo is adequate to correct Mo deficiency. Since this small 
quantity of Mo is very difficult to spread evenly, it is better to incorporate Mo 
with other fertilizer or to use it as a seed coating. 

Table 10.10 Examples of Molybdenum Carriers 

Carrier Formula 

Ammonium molybdate 
Sodium molybdate 
Molybdenum trioxide Mo03 

Source: Robertson, Warncke, and Knezek, 981. 

Mo, percent 

54 
39 
66 

1 TRACE ELEMENTS THAT MAY BE 

A number of the micronutrients and other trace element may be toxic to 
to or to both. There are soils that have 

Se. These soils may pose a threat 
level of a trace element The number of 

but in the case of many soils in the 
western U.S. contain large qwuw•u""· 

Manufacturing processes have left waste materials that have levels of 
many elements including Cu, Ni, Cr, and others. A few of these 
will be discussed to illustrate problems and questions which may come up when 
sludge is utilized as part of a soil fertility program, 

Either municipal sludge or sludge generated as a waste product of 
may be available for disposal on land or for recycling on agricultural land to 
obtain benefit from one or more components of the waste material. The question 
that arises is whether we can safely use the waste material and obtain a benefit 
from it Several rules should be followed before using a waste It must 
be analyzed to determine its exact composition, Normally N in sludges will be 
similar to N in manure in availability and may be used to advantage, Phosphorus 



MICRONUTRIENTS 207 

and other if needed may also be beneficiaL 
micronutrients such as Zn may be and can furnish those. 

~""~"'VJ or waste material will contain other trace metals that are not needed 
crops and are toxic. Here the is how much can be 

to soils before they become a Guides for soil 
and then redefined as more research data becomes available. 
loading based on soil CEC were issued. These and more recent are 
in Table 1 0.11. Loading with Pb is much more restricted under the newer 
lines. The other metals are much less restricted. State and local 
be more restrictive than the EPA 

Table 10.11 Total Amount of Metals Suggested for Agricultural Soils 
Treated with Sewage 

Maximum amount of metal, pounds/acre 503 Cumulative 
Soil Cation loading rate 

Metal less than 5 !H5 >15 pounds/acre 

Lead 500 ,000 2,000 270 
Zinc 250 500 1,000 2,520 
Copper 125 250 500 1,350 
Nickel 50 100 200 380 
Cadmium 5 5 5 35 

Source: Jacobs, 1981. 503.13 CFR amendments Feb. 19, 1993. 

the food grown on 
of Cd are essential. The Environmental Protection 

view and restricted Cd to 4.5 
this has been extended to 35 

very toxic if is held soils and 
does not solubilize and move into roots. This means that Pb and 
may be to soils in than Cd. 

Chromium presents an interesting case. The fonn used in ""'~" ... J 

Cr+6. In this Cr combines with oxygen and exists as 
toxic to both and animals. Since it is an anion, it is mobile in the soil. If 
Cr(OH)l- is applied to the it can move out of the zone and to the 
groundwater. But soils have the to reduce Cr6+ to Cr3+. This reduction is 
favored a high content of matter and a low soil Once .,.,._, ... .,_.,_u, 
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the Cr is held as an exchangeable ion and also precipitated as the very insoluble 
Cr20 3 . In this it is not available to plants. 

10.6 METHODS OF EVALUATING SOIL FERTILITY FOR 

The soil for micronutrients can be evaluated soil sampling, extrac-
tion of an "available" or labile fraction, and analyzing the extract. Also, 
analysis is well adapted to evaluating the micronutrient availability in soils. 

10.6.1 Soil for Micronutrients 

Deficiencies of micronutrients are related to species, and soil 
chemical properties, such as pH and organic matter content, in ways that have 
made it very difficult to develop a single soil extractant for all micronutrients. 
Perhaps the most universally used extractant for micronutrients and other nones
sential trace metals is the DTPA test developed by Norvel and Lindsay 
The extract consists of 0.005 M DTPA (diethylene triamine pentaacetic acid), 0.1 
M triethanolamine, and 0.01 M CaCl2 with a pH of 7.3. The DTPA is a 

agent for heavy metals, particularly Zn2+ and Cu2+. this test 
has been widely shown to correlate well with available Zn in 
less successful in other available micronutrients. 

Some extractants that have been used""''""'""' for micronutrients are listed 
in Table 10.12. For best evaluation and '"'"'vuuuc.m~'"''v must be "v'"ll'"'u 
with soil soil type and local correlation studies. 

Table 10.12 Extractants for Micmnutrients 
Soil 

Zn DTPA 
0.1 N HCI 

Mo Calcium phosphate 
Cu 0.1 N HCI 
8 Hot water 
Mn Phosphoric acid 

0.1 NHCI 
Fe DTPA 

1 0.6.2 Tissue for Micronutrients 

Micronutrient deficiencies may be diagnosed by analyzing the tissue. 
The methods will vary widely with the particular crop and growing conditions. 
Generally, a certain portion is selected (e.g., ear leaf for and a certain 
stage of is used. The tissue is collected and analyzed, and the values 
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obtained are compared with values obtained from high-yielding Some 
data are given in Table 10.13 as general guidelines for the micronutrients. 

Micronutrient 

B 
Cu 
Zn 
Fe 
Mn 
Mo 

Source: Jones, 1972. 

Concentration in leaves, mg/kg 
Deficient Sufficient 

<15 20-200 
<4 5-20 

<20 25-150 
<50 50-250 
<20 20-500 
<0.1 0.5-5 (?) 

10.7 MICRONUTRIENT DEFICIENCY SYMPTOMS 

Deficiency symptoms have been used for a time to deficiencies 
in the field. This has particularly been true for trace element deficiencies. But a 
number of factors make this practice difficult and at times less than desirable. It 
must be recognized that when a nutrient deficiency symptom appears on a 
there has already been a loss in yield for that crop. Correcting the u"''""""~·.Y 
may be for that a reduction is ex]pec:te1:1, 
and it is to to expect in 
Trace element deficiencies are often related to climatic 
these may from year to year. If conditions are not taken into 

conclusions about trace elements can 
become erratic. 

Deficiencies in most often are manifested 
that distinguishing between two or more deficiencies may be difficult In "'~·~AUCVH 
other factors that affect such as chemical and 
damage to crops, may also give similar symptoms. For these reasons, it is 
tant to obtain all possible information from the grower before attemtptJmg 
diagnose a deficiency by symptoms. Once a tentative identification is 
it should be verified by treatment with the element in which the is assumed 
to be deficient. Table 10.14 has been given to help summarize factors which may 
help to identify a particular deficiency symptom. 

Since many deficiency symptoms are similar, identifying where the deficiency 
occurs may be very important. Some trace elements, such as Mo, are relatively 
mobile in plants. When the element becomes deficient in the soil, the Mo in the 
plant is translocated from the old to the new tissue and the deficiency symptoms 
appear first on the old tissue. On the other if the element, Fe for example, 
is not mobile in the plant, then the deficiency appears first on the new growth of 
the 
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Table 10.14 Guide to Nutrient 

Trace Plant 
element mobility 

Zn Partially 
mobile 

Mo Yes 

Cu No 

B No 

Deficiency symptoms Associated growth changes 

in older Iron accumulates at nodes. 
Abnormal shaped 

leaves. Shortened 
internodes of broadleaf 
crops. 

General yellowing, with some Stunted growth. 
mottling and of older 
leaves. 

leaves become Iron accumulates in nodes. 
"olive" and stunted. 
Unusual brittleness of stems, Slow growth. Death of terminal 

of stems, tissue. 
and 

chlorosis of leaves. 

Fe is severely 

Zinc is one of the easiest to under field condi-
tions. It most often occurs on calcareous soils and soils that have levels of 
~--'"'""•'"~'""• either as residual or as a current P In the Zn 

the 

u«,;.;mavv beans if Zn levels are excessive in soils. 
to Zn in different 

The outward appearance of Zn is interveinal tissue. For dicot 
crops such as navy this disorder appears first in the older leaves and to a 
lesser in younger leaves. The light interveinal tissue takes on the appear-
ance of in corn and does not usually affect the older leaves, but rather 
appears first on leaves of intermediate age. In corn and sorghum, the plants win 
have shortened internodes and darkened nodal tissue, indicating 
accumulation of Fe at the nodes. As Zn deficiency develops, the shapes of leaves 
often become in crops such as beans and fruit trees (Figure 

This is very useful in Zn deficiency from Mn defi-
aeJilClenc;y does not result is abnormal leaves. Delayed 
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Figure 10.5 Zinc-deficient corn (left) showing shortened internodes. 

Figure 10.6 Zinc-deficient bean leaf (right) showing light interveinal tissue and an abnormal 
leaf shape. 

maturity is also characteristic of Zn deficiency. The field results witb navy beans 
in Michigan revealed a Zn deficiency so severe that there was essentially no yield. 

10.7,2 Molybdenum 

The deficiency of Mo may affect legume and nonlegume plants quite differ
ently. Mo is required by Rhizobia for fixation of N2 . Consequently, a Mo 
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It then appears 

appearance. 

10.7.3 

often appears as interveinal chlorosis. Unlike what 
leaves appear nonnal for color and show no 

If Mn develops when the is very young, 
may be very unifonn in both young and older leaves. If the 

after the is much it will be much more 
the young leaves. This distribution is uneven, because Mn is 

mobile the In Mn-deficient bean the tissue between the 

surface to lose its waxy 
with sufficient 

is not translocated the the symptoms appear 
For small and com, the leaves appear olive or 

green in and often leaves fail to unroll as emerge. Often the leaf 
win appear as the have been frost and there will be some 

is a wilted or dead leaf or a branch with such leaves on an otherwise 

10.7.5 Boron 

u"'J"~'"'"'dl s•vmpto,ms are seldom observed 
VF.••wv•v crops. In 

restriction of the tenninal 
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Figure 10.7 Manganese-deficient bean plant grown in a greenhouse. 

This restriction gives very short internodes and offers a method of separating B 
deficiency from insect damage, which may give similar visual symptoms, but 
with normal node lengths. Boron-deficient sugar beets develop cross-checked 
petioles and misshapen leaves. The leaf blades grow uneven on two sides of the 
plant and more in the horizontal direction than in the vertical direction. When 
the deficiency is severe, the terminal growth or apical meristem tissue dies and 
the roots may develop heart rot. 

10.7.6 Iron 

Iron is the least mobile of the micronutrients in plants. When the deficiency 
appears, it is on the new growth and may be very severe. The plant leaves will 
first appear yellow interveinally with green veins. But when the deficiency is 
severe, the entire area may appear white (Figure 10.8). It can be demonstrated 
that Fe is very immobile by placing a local spot of Fe solution on the surface of 
a deficient leaf and observing that the leaf will develop a green color in that area 
only. 
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Figure 10.8 Iron-deficient bean plants showing severe chlorosis on the new growth. 
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