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CHAPTER I 

INTRODUCTION 

The research reported in this dissertation is divided into four 

chapters, each a manuscript prepared for publication in a professional 

journalo These manuscripts appear just as they will be submitted for 

publication, except for minor modifications. 

Interest in the relative effectiveness of nitrogen sources is 

continually renewed by changes in the marketing structure of the 

various sources. In recent years interest in wheat forage production 

has increased because of low grain prices and high livestock prices, 

thus changing the trend of source, time and rate of N applications. 

Optimum N application dates depend on climatic factors, especially 

rainfall. In areas of high winter precipitation, spring applications 

are probably more efficient than fall applied. However, fall versus 

spring N applications, for grain production, is variable in the South

ern Great Plainso A comparison of N sources, forms of N, rates of N .. 

and method of application on important wheat producing soils were the 

objectives of the study discussed in Chapter II. 

The effect of adding carbonaceous materials and major fertilizers 

(N,P,K) to soils which are Fe deficient with small grains is discussed 

in Chapter IIIo Also changes in available soil Fe and Fe concentra

tions in plant tissue during the growing season is reported. Iron 

deficiencies in certain crops and shrubs are not uncommon on calcareous 

1 



2 

soils. Iron deficiency in sorghum is frequently observed i'n the Southern 

Great Plains and reduces yields in western Oklahoma. Small grains are 

less susceptible to Fe deficiency than sorghum, but Fe deficiency in 

small grains was observed in Oklahoma in the early 1950's. The amount 

of Fe chlorosis has increased rapidly since that time. 

The effect of P and Fe source combinations on Fe deficiency in 

small grains is discussed in Chapter IV. Additions of inorganic Fe 

compounds to the soil are usually ineffective, since these compounds 

are rapidly converted by soil reaction to forms unavailable for plant 

uptake. Additions of chelated Fe materials to the soil is more effec

tive1 however the high cost is a deterrent to use on low value crops 

such as wheat. Phosphorus and Fe combinations have not previously 

been compared on small grains, since Fe deficiency in small grains are 

not observed in surrounding states. 

A quantitative evaluation of the effect of N, P and Kon the 

intricate relationships of the heavy metals is valuable in studying the 

Fe deficiency problem in small grains. Additional information is 

needed concerning the relationship of Fe, Zn and Mn on each other for 

uptake by wheat. The objectives of the study reported in Chapter V 

werei to study the effect of N, P, K fertilizers on Fe uptake and 

availability to winter wheat 1 and to determine the effect of Fe, Zn 

and Mn additions on the concentration of the heavy metal ions in the 

plant tissue. 



CHAPTER II 

A COMPARISON OF NITROGEN SOURCES FOR THE 

PRODUCTION OF WINTlffl, WHEA~ 

Abstract 

Three sources of N (urea, ammonium sulfate, and ammonium nitrate) 

were compared at selected rates and application times.,.for the produc-
l 

tion of wint,er wheat (Triticum aestivum .L.). In one set of experiments, 

sources.were compared at various rates with two applicationimethods 

(broadcast on surface and drilled.into the soil). l;n another experi-

me,nt solid sources were c.ompared with N solutions. 

Differences .in grain yields as affect.ad by sources were small and 

non-significant in most studies with the exception of one study where 

ammonium sulfate was inferi0r to either urea or ammonium nitrate. 

Diffei-ences between fall preplant applications and spring topdressed 

nitrogen were small and of little practical significance. Summer N 

applications (post-harvest) resulted in less response than either fall 

or spring applications. 

Additional Key Words for Indexin6': fertilizer application, protein 

contents, Southern Great Plains. 

1/ Article co-author.ed with Billy B. Tucker and John M. Baker and 
to be submitted for publication in Soil Science Society of America 
Proceedings. 
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Introduction and Literature Review 

Sources of fertilizer N for the production of various crops have 

been compared experimentally for years. However, as the economic 

factors and marketing structure of the various sources change, interest 

is renewed in the relative effectiveness of sources of nitrogen. 

The effectivenes.s of N applications on winter wheat is influenced 

by a number of factors including the time of application. Numerous 

studies have been conducted in the winter wheat belt comparing fall. 

preplant applications with spring topdressing (15, 16, .. 33, 35, 37, 44). 

Results from these studies vary depending primarily upon weather, 

especially rainfall and temperature. Optimum application dates varied 

between locations and between cropping seasons at specific locations 

due to the weather and other cultural practices. In areas with high 

winter precipitation and relatively warm soils, spring-applied N may 

be more efficient than fall applied. For example, Doll (15) suggested 

from experiments in Kentucky that if winter rainfall exceeded 10-12 

inches, fall-applied N was 1ess effective than spring-applied N. 

Researchers in Iowa (30) and Illinois (42) are in general agreement 

that spring applications of N are more effective than fall applications. 

Results of fall versus spring N applications for grain production in 

the Southern Great Plains have been more variable (16, 35, 37, 42). 

In recent years, interest in wheat forage production for live

stock grazing·has :i.nc~eased becaus.e of low grain pricelil, and '.p.igh. 

livestock prices. This trend has aroused concern about previous 

conclusions drawn from time of N application experiments when grain 

yields were used as the crit.erion for effectivenss. Bqth timing of N 
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applications and resources need to be re-evaluated as forage production 

becomes more important. 

There seems to be general agreement among researchers as to 

effectiveness of N sources for wheat grain production. In general, N 

sources have proven to be equally effective when properly applied (21, 

22, 25, 35, 37). However, research by Volk (39) and Ernst and Massey 

(17) show the potential for soil ammonia absorption is decreased when 

urea is applied under high temperatures, high moisture levels and high 

soil pH. 

The objectives of these studies were to compare N sources, forms 

of N and rates of N, and method of application on winter wheat growing 

on "key" wheat soils. 

Experimental Procedure 

Experiment #1 

Two experimental studies were conducted. Exp. 1 was a source, 

time and form of N study. This experiment was started in the summer 

of 1959 and continued through five crop years at the Wheatland Con

servation Experiment Station, Cherokee, Oklahoma, on a Grant silt-loam 

(a Udic Argiustoll) with a 1% .slope. The soil and climatic conditions 

at this location are typical of those in a large portion of the wheat 

belt of North Central Oklahoma and South Central Kansas. Stubble 

mulch tillage was used in this five-year study. 

Two sources of N [ammonium nitrate (33% N) and urea (45% N)] were 

applied in granular and liquid forms in this study. The liquid mate

rials were applied and evaluated because of increased use of N solutions 

in the wheat belt. Each source and form of N were applied at the rate 
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of 45 kg N/ha at three dates: (1) summer, following harvest but prior 

to the initial tillage operation (approximately June 15), (2) fall, just 
:: 

after seedling emergence (approximately November 1), and (3) spring, 

prior to the initiation of. spring growth (approximately March 1). The 

first application (pre-tillage) was chosen as "ideal" conditions for 

maximizing N losseso 

Another phase of this experiment was initiated in 1964 and con-

tinued through three crop years. This portion of the experiment was 

conducted on the Agronomy Research Station at Perkins, Oklahoma, on a 

Teller loam (a Udic Argiustoll) with a 1% slope. Ammonium sulfate 

(21% N) was included, rates of N (37 and 67 kg N/ha) were added, and 

form of nitrogen deleted. 

Experiment #2 

We questioned how far the five-year data from Cherokee could be 

extended. Therefore, sources and rates of N were compared at 20 

locations in Oklahoma in 1964 on "key" soils representing a large 

portion of the wheat belt. The location, soil phase, pH, and organic 

matter content of the soils are presented in Table 2.1. The soil 

texture ranged from sandy loams to clay loams. Soil reactions ranged 

from strongly.. acid (pH",4.6) to neutral (pH 7.3). Organic matter varied 

from 0.5% to 2.4% in the surface. Some locations were dry when the. 

materials were applied; at other locations, the soil was moist. 

In this study, two sources of N (ammonium nitrate and urea) were 

compared at five rates (o, .22, 45, 67, 90 kg N/ha) as a topdressing in 

February using two application methods: (1) broadcast on the surface, 

and (2) drilled into the ground. Drilling was used to determine if 
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this method could be employed when conditions were conducive for losses 

of surface applied N. Since there was no difference in the zero N 

treatment for broadcast or drilling, they were averaged together in 

the Figs. 2.2 and 2.3. 

At seven selected locations, forage yields and nitrogen contents 

were measured approximately one month after nitrogen application. 

These locations are indicated by an asterisk in Table 2.1. 

Another phase of this experiment was initiated in 1965. Ammonium 

sulfate was included as a source of nitrogen and one method of applica

tion (drilling) deleted. These sources and rates of nitrogen were 

compared at 10 different locations on "key'! wheat soils. The experi

mental sites in 1965 are reported in Table 2.1. The N content of the 

wheat grain was measured in all of the experiments to obtain the yield 

of N. 

Results and Discussion 

Experiment #1 

The five-year averages of grain and N yields for source, form, 

and time of application of N from Cherokee are plotted in Fig. 2.1. 

It was evicil.ent throughout the study that climatic factors, particularly 

rainfall, influenc.ed grain yields and N yields more than the differences 

in N treatments. There was a significant difference between years 

probably due primarily to amount and distribution of rainfall. 

Ammonium nitrate and urea did not differ significantly in their 

influence on the grain or total N yields. Grain from the urea plots 

contained a higher percentage of N than grain from the plots fertilized 

with ammonium nitrate. 



8 

TABLE 2.1 

Soil Characteristics of Experimental 
Locations (1964 and 1965) 

Location Soil Phase E!! 2!ID.!. 

12M 
Walters Foard clay loam 5.1 1.19 
Granite* Miles sandy loam 5.5 0.52 
Arapaho* Carey silt loam 6.3 1.37 
Mutual Carey silt loam 6.9 0.87 
Newkirk* Tabler silt loam 4.8 1.31 
Cherokee* Grant silt loam 4.8 1.63 
Sumner Port silty clay loam 5.3 1.37 
Snyder Norwood loam 6.8 1.08 
Dill City St. Paul siltloam 5.4 1.40 
Vinson* Weymouth clay loam 5.8 1.13 
Buffalo Mansker clay loam 7.3 1.51 
Carver* Pond Creek silt loam 5.2 1.65 
Hunter* Bethany silt loam 4.6 1.50 
Medford Kirkland silt loam 4.9 1.69 
Oklahoma City Dale silt loam 5.3 2.37 
Hess Tipton.loam 6.4 0.93 
Hinton Minco silt loam 5.3 1.23 
Manitou. Tillman silt loam 6.o 0.75 
El Reno Norge loam 5.2 1.35 
El Reno Vanoss silt loam 4.9 1.49 

1222 
Buffalo Mansker clay loam 5.8 1.66 
Orienta St. Paul silt loam 6.1 1.18 
Avard Grant silt loam 7.1 0.91 
Alva Weymouth fine sandy loam 5.7 1.35 
Wakita Tabler clay loam 
Wakita Pratt sandy loam 4.0 0.38 
Medford Renfrow silt loam 4.8 1.59 
Newkirk Tabler clay loam 6.6 0.80 
Sumner Port silty clay loam 5.5 1.74 
Cherokee Grant silt loam 5.8 1.33 

*Forage yields were determined at these locations. 
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The solid forms of urea and ammonium nitrate were significantly 

better than the liquid forms in increasing grain and total N yields, 

but the form had no effect on per cent Nin the grain. 

10 

The fall applications of N were significantly better than the post

harvest applications in grain and straw production and total N yields. 

The time of application did not appreciably affect the per cent Nin 

the grain. There was no difference between fall and spring applications. 

The three-year averages of grain and N yields on source, rate, and 

time of application of Nat the Perkins location are shown in Fig. 2o2. 

The three-year averages indicate that at any one rate or time of appli

cation there is no difference in grain yields or N yields between the 

sources of N. There was no difference in grain yield between dates of 

application when pooled over the three-year period. The 67 kg rate of 

N gave a higher grain yield regardless of source and time of applica-

tion. 

There was a significant difference between years, probably due to 

rainfall. Yield differences between years are not unusual in Oklahoma 

since rainfall and temperature patterns and other climatic factors are 

erratic, with variations between and within years. 

Experiment #2 

The average grain and N yields for source, rate, and method of 

application from the 20 locations in 1964 are shown in Fig. 2.3. The 

actual yield response to N was not as great as it had been in previous 

years when comparable yields were produced. This low response may be 

attributed to the extremely dry spring which prevailed at most locations. 

The results.from the 20 locations are in general ag;reement with the 
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five-year study conducted at the Cherokee Stationo Based on grain 

yields the differences between the sources of urea and ammonium nitrate 

are quite smallo Again urea appears to give a slight advantage over 

ammonium nitrate in N yieldo There was no.difference in grain yields 

between rates of N. Yields from the 22 kg rate were as high as the 90 

kg rate. There is, however,, an increment increase of N yield through 

the 67 kg rate. Nitrogen drilled into the soil did not give signifi

cantly different results from that broadcast on the surface at any of 

the locations. 

Yields were substantially increased by N applications at eight 

locations o At el.even of the locations, yields were unaltered by the 

application.of N. Yields were decreased.at one location which could 

probably be attributed to more soil moisture stress during flowering 

stage of growth on the plots receiving N. The nitrogen application 

caused greater growth of the wheat early and consequently, faster 

moisture use. The severe moisture stress during the critical flowering 

stage caused sterility to thetips of the spikeso 

Only at three locations were yield differences between sources 

significant. At no location were yield differences between sources 

great enough to be of practical significance. 

Per centtNin the grain increased with added Nat all locations 

except two. Nitrogen content was extremely high at these two locations 

without added No 

Forage yields were taken on April 15 at seven locations. The 

results, including forage yield and yield of N, in the forage are 

shown in Fig. 2.4. The results were quite variable, but in general, 

forage yield increased with increasing rates of N. There was no 
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significant difference in forage yield to source, rate, or method, when 

pooled over locations. However, higher yields occurred with increasing 

rates of Nat three of the seven locations. 

The yield of N from the wheat forage was less variable. There was 

a significant increase in N yield with increasing rates of N over 

locations. Also, N yield was significantly greater in response to 

increasing rates of Nat six of seven locations. There was no differ

ences in N yield between sources and methods of application. 

The effects of sources and rates of Non the averages of grain 

and N yields from 1965 are shown in Fig. 2.5. The grain yield response 

to nitrogen was better than in 1964 with good overall yields. Grain 

yield increased as a result of applied Nat nine of the ten locations. 

At one location yields were unaltered by application of N due to the 

high natural fertility of the soil. 

Statistical analysis indicated no significant difference between 

ammonium nitrate and urea over locations. There was a significant

difference between these two sources and ammonium sulfate over loca

tions. However, analysis by location revealed a significant difference 

between sources of Nat only three locations. Ammonium ,nitrate and 

urea gave significantly higher wheat yields than ammonium sulfate at 

two of these locations. Ammonium sulfate gave significantly higher 

yields than ammonium nitrate at only one location, with no difference 

between urea and ammonium sulfate. 

The wheat yields increase~ significantly with increasing rates of 

applied N through the 90 kg rate.. The nitrogen yields also showed 

increment increases to rates of N. There was no significant difference 

in N yields between sources of N. 
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CHAPTER III 

INFLUENCE OF FERTILIZER AND ORGANIC AMENDMENTS 

ON CORRECTING IRON DEFICIENCIES 

IN SMALL GRAINS1./ 

ABSTRACT 

The influence of the major fertilizers (N, P, K) and carbonaceous 

materials on available soil Fe and changes in available soil Fe and Fe 

concentration in the plant tissue during the growing season was studied 

on soiJ.s which are Fe deficient for winte.r wheat (Tri ticum aestivum L.). 

These soils were moderately.high in,pH, low in o.m. content, and low in 

available Fe. 

Wheat grain yields, visual observations, and soil test values 

indicated that a.ddi tions of carbonaceous materials at the rat.e applied 

did not significantly change the available Fe status of these soils. 

The additions,of manure show some promise. for relieving the Fe defi-

ciency symptoms. The major fertilizers (N., P, K) did not change the 

available fe status of these soils under the experimental conditions 

tested. The DTPA,soil test for available Fe .appears to be correlated 

with Fe actually available for uptake by small grains. The concentra-

tion of Fe in plant tissue fluctuated during the growing season, 

1./Article co-authored with Billy B. Tucker and John M. Baker and 
to be submi t_ted for publication in Agronomy Journal. 
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probably due to changes in rate of Fe uptake, growth rate of plants, 

soil temperature, and moisture. 

Additional Key Words: available iron, chlorosis, calcareous soils, 

micronutrients. 

Introduction 

18 

Iron deficiency of certain crops, shrubs, and trees are not un

common on calcareQus soils. Several investigators have reported a 

variation in susceptibility between plant species and even varieties 

within .species (3, 5, 6, 7). Iron deficiency in sorghums is frequently 

observed in the Central and Southern Great Plains and has reduced yields 

in Western Oklahoma for years on some Entisols and Inceptisols. Since 

small grains were less susceptible to Fe deficiency than sorghums, the 

soils on which sorghums were chlorotic havetraditionally been planted 

to small grains as an alternative crop. However, in the early 1950's 

Fe deficiencies were observed in small grains on some of these soils. 

The amount of Fe.chlorosis observed.in small grains has increased 

rapidly since that time, until approximately 50,000 acres are now 

affected. Iron deficiency of small grains has been noted in 10 

counties in Okla}loma, but it is most severe in Custer, Washita, 

Beckham, Roger Mills, and Dewey counties. 

Iron deficiency in small grains occurs on soils which are classi

fied as Ustifluvents or Ustochrepts a:nd in the fine or fine-silty, 

mixed (calcareous), thermic families. These Ustifluvents are young 

soils which in the past received sediments from calcareous parent 

materials deposi.ted by the Washita River. Some of the soil series 
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affected would be Clairemont, Mangum, and Spur (old classification). 

The Ustoch:cepts on which Fe deficiency of small grains occur are the 

Vernon, Weymouth, Woodward, and Quinlan series. Iron deficiencies are 

observed in small grains on these soils, especially in sloping areas 

where erosion is a problem. 

The causative factors of Fe deficiency in various crops have been 

studied by several investigators (5, 7, 19, 40, 41). 

Carbonaceous materials such as crude oil and natural gas have been 

reported to increase available Fe in soils when these were absorbed by 

soils as a result of accidental spillage and pipeline breaks (1, 8)0 

The influence of carbonaceous materials on plant growth is probably the 

direct result of biological activityo Previous investigators (5, 7, 19, 

41) have also indicated high P levels are a potential causative factor 

in Fe deficiency. 

The objectives of the studies reported in this paper were: (1) to 

determine the effect of added carbonaceous materials on the yields of 

wheat grain, uptake of iron by the plants, and the soil-test Fe values 

of an Fe deficient soil, (2) to determine the influence of major ferti

lizers (N, P, K) on iron availability, and (3) to monitor changes in 

available soil Fe and Fe concentrations in plant tissue during the 

growing seasono 

Materials and Methods 

Experiment #1 

Four field experiments were initiated in the fall of 1969 on soils 

known to be Fe deficiento The soil at the Foss location was a Vernon 

silt loam (an Ustochrept) with a 4% slope. The soil at the Hammond and 
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Cheyenne locations was an Ustifluvent (Spur silt loam, old clas,sifica

tion system) with a 1% slope. The soil at the Cordell location was a 

Vernon silt loam with a 2% slope. The experimental design was a 

randomized block with four replications. The treatments consisted of 

various carbonaceous materials and N and P fertilizers applied broad-

cast approximately 30 days prior to planting. The treatments and 

locations are reported in Table 3.1. Nitrogen was applied with the 

carbonaceous materials to give a 1:20 N:C ratio and then incorporated 

into the soil. The N and P treatments were also applied broadcast and 

incorporated preplant. Sixty-seven kg N/ha were applied as a topdress 

application to the carbonaceous and P treatments in .February. 

Additional information concerning the carbonaceous materials are: 

Nap 31 - a petroleum .oil, unstable, breaks down easily, mqstly unsatu

rated aromatics; Vis 50 - stable oil, breaks down slowly, mostly 

saturated, low in aromatics; Nap 600 - an .intermediate oil between the 

other two; coal - contaihetl.-72% carbon; manure - dry, somewhat decom-

posed, from dairy.lot and ~ontained 1500 ppm Fe. 

Winter wheat '(Tri ticum aestivum L.) was seed~d on all plots in 

late September of each year at rates from 67 to 84 kg/ha. 

Experiment #2 

Soil samples were periodically collected and analyzed for avail

able Fe during-the 1969-70 growing season at all 4 experimental loca

tions. This.,e;Jeperiment was continued.during the 1970-71 crop year at 

three locations: FossH (Huls .Farm), Ha.mnion'13 (Brown Farm), and Hammon~ 

(Harding Farm). The analyses were expanded to include available Zn and 

and Mn in the soil. Also, the concentrations of Fe, Zn, Mn, and P was 
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determined periodically in Fe deficient wheat plants growing on these 

soils (2 locations). These concentrations were compared with that in 

plants at the same location which received adequate Fe from a fertilizer 

application banded with the seed at planting time. 

Laboratory 

The Fe, Zn, Mn, and P concentrations and soil analysis were 

determined by the Oklahoma State Soil Test Laboratory. Available Fe, 

Zn, and Mn was determined using the DTPA (Diethylene triamine penta

acetic acid) method of extraction developed by Lindsay in Colorado (24)o 

Experiment #3 

The effect of fertilizer materials on available Fe was determined 

in the laboratory. Soil from a Spur sj.l t loam (an Ustifluvent) was 

brought into the laboratory and passed through a 0.5 om screen. The 

soil was not dried, since preliminary investigations indicated that 

drying of these soils changed the available Fe status. The treatments 

consisted of N (alone), P (alone), [3 P sources: 18-20-0 (DAP), 

0-20-0 (CSP), 15-26-0 (APP)], N + P (same 3 P sources), N + P + K 

(same 3 P sources), manure, H2so4 (pH of soil adjusted to 7.0) and 

H2so4 (pH of soil adjusted to 6.5) with 3 replications. The N1 P, K 

and manure were applied at the rate of 40, 18, 33, and 5000 ppm, 

respectively. The fertilizer treatments were thoroughly mixed with 

the soil and the moisture status maintained at a constant level. The 

soil was sampled and analyzed periodically to determine available Fe, 

Zn, and Mn. 



The treatments were statistically analyzed using a protected 

(S~gnificant F). LSD (12). 

Results and Discussion 

Field Studies 
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Preliminary investigations of the Fe deficiency problem in small 

grains suggested the following three~causative factors: (1) low organic 

matter (o.m.), (2) relatively high pH, (3) low available Fe. Since an 

economical means of decreasing the pH is not available, two major areas 

remained as poss;j,ble solutions to the Fe deficiency problem: increase 

the o.m. content., subsequently increasing available Fe; and/or ferti

lization with.Fe compounds. 

Based on t.he observations of previous workers ( 1 1 34), experiments 

with carbonaceous., materials were initiated. High P additions were made 

to determine the effect on Fe deficiency in small grains. The treat-

ments and yield results of the experiments are presented.in Table 3.1. 

The relatively low yields and lack of response at Hammond and Cheyenne 

were the result of an extremely dry spring. Visual observations during 

the growing season suggested good forage growth response to the P and 

manure treatments. Thus, the lack of response could probably be 

attributed to higher moisture stress during the flowering and grain 

filling stages of growth, resulting in lower yields. 

Yields from the Foss location were relatively low. However, good 

response was obtained from the P and manure treatments. The degree of 

Fe chlorosis indicated that these treatments relieved the Fe deficiency 

to a certain extent. ,The fact that Fe d..eficiency symptoms were not 
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TABLE 3.1 

Carbonaceous Treatments and Wheat Grain Yield 
as Affected by Treatments (4 Locations), 1970 

Yield .Kgm[Ha 
Rate Wheat Oats 

Treatment (Kg/ha) Cordell Foss Hammond Cheyenne 

1 Manure 5600 192on 1006° 912n 6110s 

2 Manure 1120 1663n 682° 921n 5934s 

3 NAP 31 1120 1426n 642s 685° 5667s 

4 NAP 600 1120 1430n 55l 1142° 6196s 

5 VIS 50 1120 1164n 827s 806° 6090s 

6 Coal 2240 1759n 7568 790° 45548 

7 Coal 1120 1556n 7318 732° 51598 

8 Propane 1120 2145n 6178 790° 52878 

9 Propane 560 1384n_ 575s 717° 51248 

10 Diesel 1680 1446n 501s 721° 5625s 

11 Diesel 840 1675n 49ls 489° 5220s 

12 p 55 2591n 1211° lOOOn 5359s 

13 p 110 2676n 1359°- 1342n 6402s 

14 N 67 186on 504s 1181° 5032s 

15 0 0 1776n 6018 1250° 5776s 

FLSD (5%) 605 480 NS NS 

~o Fe chlorosis observed 

0 some Fe chlorosis observed 

6 Severe Fe chlorosis observed 
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completely relieved by high P additions suggests that the low P level 

in the soil is not the primary problem with these soils. Soil charac

teristics at each eJGperimental location.,are given in Table 3.2. 

The addition of N at all lo.cations except Cordell reduced yields 

below those receiving no treatment. Visual observations during the 

growing season indicated that N alone increased. the severity of the Fe 

deficiency .. symptoms. This could be due to. two factors or a combination 

of these factors: . (1) additions,. of N reduces Fe uptake or metabolism 

in the plants, perhaps by enhanced uptake of other heavy metals; or 

(2) addi t-ions of N to .soils low in P produces a metabolic imbalance in 

the plant •.. 

Yield.,.data and observations made during the growing season 

indicated that.additions of.carbonaceous materials did not change the 

available Fe status o-f the soil enough to correct the Fe deficiency. 

This could be due to .... increased microbiological activity with subsequent 

.. utili,zation of available soil Fe by ~the micro~organisms, .thus reducing 

the amount of Fe actually available for. plant uptakeo Preliminary 

investigations·found that decomposition of large amounts of wheat 

straw.added to the soilincreasedthe Fe deficiency. This is evidence 

.. for possible microbiological tie-up. It has been noted that wheat is 

more susceptible to Fe deficiency following a previous year's wh!::lat 

crop which produced large amounts of .. wheat straw. The lack of increase 

in available soil Fe .from additions of carbonaceous.materials found in 

.this study, is in agreement with conclusions of Wiese (11). .Wiese 

indicated that soils.must,be saturated with carbonaceous materials 

before measurable increases in o.m. and available Fe occurred. , 
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TABLE 3.2 

Soil Test Values at Experimental Locations 

Location Soil Type l?1! ~ E.* K** 

FossB Ve.rnon Silt Loam 8.1 LO 17 575 

FossH Verrion·Silt Loam 8.2 0.1 1 280 

Hammon~ Sp:u;r Silt Loam 7.9 1.5 41 ll80 

Hammon~ Spur Silt Loam ,7 o9 lo2 28 855 

Cheyenne Spur Silt Loam 7.9 1.2 19 430 

*Bray l phosphorus 

**Exchangeable potassium 
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It was postulated that the lack of response to the carbonaceous 

materials could have been due to insufficient time lapse from applica

tion to plant needs. Therefore, soil samples were taken at one loca

tion (Foss, at harvest) .from all treatments to determine if any increase 

in soil test Fe had occurred. Analysis of these soil samples indicated 

that the additions of carbonaceous materials had no effect on available 

Fe, Zn, and Mn. The available Fe, Zn, and Mn (average of all treat

ments) was found to be 0.9, 0.8, and 10.5 ppm respectively. 

Experiment #2 

A study of changes in available Fe during the growing season 

should,be valuable in elucidating the factors involved in Fe deficiency 

in small grains. These changes should help explain why Fe deficiency 

symptoms were observed at some experimental locations and not otherso 

Soil samples were collected periodically during the growing season and 

analyzed for DTPA extractable Fe. The results of these analyses are 

shown in Fig. 3.1. The occurrence and severity of Fe deficiency 

symptoms for each treatment is indicated by a superscript in Table 3.1. 

Iron deficiency symptoms were first observed.at the Cheyenne 

location on January 7; at Foss, February 21; and at Hammond, March 6. 

No chlorosis was observed at the Cordell location. The deficiency 

symptoms dissipated at Hammond-by March 26, and by April 15 plants at 

all locations had "recovered" from the chlorosis. The ability of 

sorghum p.lants to "recover" or grow out of Fe chlorosis at certain 

growth stages has been observed in Oklahoma and reported by other 

investigators (5, 45). The ability of small grains to "recover" during 

the spring may be due to warmer soil temperatures which could feasibly 
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increase the available Fe in the soil, or due to a larger root system 

which would come in contact with a larger portion of the available Feo 

Also 7 it is possible that the Fe requirement of small grains could be 

lower during the latter stages of growtho On the other hand 9 changes 

in soil temperature and soil moisture could decrease the activity of 

other heavy metals which interfere with Fe uptakeo DeLong et al (14) 

observed that available Mn in the soil increased following each rain

fallo 

Forage production of small grains was reduced considerably at the 

Foss and Cheyenne locationso A comparison of Figo 3ol and Table 3ol 

suggests if DTPA extractable Fe in the soil is above 1.5 ppm during the 

"critical" growth stage of winter wheat (prior to March 26) that this 

is adequate for nonnal ,. plant growtho This is suggested, since the two 

locations which exhibited the most severe Fe deficiency symptoms were 

below 1.0 PPl'!lo The Hammond location appeared to be a borderline soil 

in that the deficiency symptoms were,not severe and were present for 

only a short period of time-0 Also 9 visual observations indicated that 

growth of forage was not. appreciably c;.ffected by Fe deficiencyo No 

chlorosis was observed at Cordell suggesting adequate available Fe was 

present in this soil, with extractable Fe remaining above 3o0 ppm 

throughout the "critical periodo" 

The change in DTPA extractable Fe during the season could probably 

be attributed to changes in soil temperature and moistureo The sharp 

decline in extractable Fe in Figo 3ol from 1-7 and 2-7 can probably be 

attributed to lower soil temperatureso The moisture content at each 

date of sampling was determined in an effort to,correlate soil moisture 

$.!ld extractable Feo The results are shown in Figo 3ol. There appears 
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to be little correlation with soil moisture alone and extractable Fe 

levels in the soil. However, the soil moisture levels do show the low 

moisture status of the soils during the latter growth stages of small 

grains, which accounted for the low yields obtained at.some locations. 

DTPA extractable Fe on moist soil (as collected at experimental 

locations) was found to be considerably lower than available Fe levels 

in the same soil when dried (normal laboratory procedure for analysis). 

Dry soil .samples contained approximately 10 times as much extractable 

Fe as moist soils. 

The soil analyses were expanded to include Zn and Mn in the 1970-

71 crop year to determine if an interaction between these three elements 

could be found. The results are presented in Table 3.J and Fig. 3.2 

and 3.3. Iron deficiency symptoms were first observed on November 15 

at the FossH and HammondH locations. The Fe deficiency symptoms 

appeared approximately 50 days earlier than the previous year. Obser

vations made during., several years indicate that the onset of Fe 

deficiency symptoms follow no obvious pattern but appears to be related 

to soil temperature and moisture. Fig. 3.2 indicates that the extract

able Fe level at Foss was extremely low and remained low throughout the 

season. Iron deficiency symptoms on this soil were extremely severe 

and some of the deficient wheat plants died. The extractable Fe levels 

at the two Hammond locations fluctuated during the growing season. The 

wheat at the HammondH location exhibited Fe defi.ciency symptoms, but 

the degree of chlorosis varied during the growing season and appeared 

to be directly related to the soil test levels. No Fe chlorosis was 

observed at the Hammon<i:B location. Evidence given by Figs. 3.1 and 3.3 

indicate the DTPA soil test for available Ee is correlated with the Fe 
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TABLE 3o3 

Changes in Element Concentration in Wheat 
Tissue During the Growing Season 

Concentrations LeEm) 
Fe Zn Mn p 

Non- Non- Non- Non-
Date ~ Def. Def. ~ Defo Defo Def. Defo 

FossH 

11-20-70 488 248 86 43 174 147 3333 2677 
12- 2-70 550 375 84 38 137 128 3703 2484 
12-12-70 375 319 70 38 178 100 2568 2615 
12-22-70 466 249 83 30 142 139 3794 2729 
1-22-71 1044 448 78 38 126 83 4500 2516 
3-11-71 675 463 82 38 179 108 5340 4005 
3-24-71 800 650 85 48 170 78 4004 2340 
4-12-71 444 218 107 53 138 48 3560 2296 
4-29-71 1033 288 85 25 87 38 2779 1176 

Hammon'1f 

11-20-70 432 307 53 38 243 269 3557 2681 
12- 2-70 650 531 54 49 275 234 3943 3609 
12-12 ... 70 625 300 62 38 262 261 3719 3041 
12-22-70 382 270 61 52 310 275 3732 2964 
1-22-71 900 594 . 66 38 228 235 4204 3284 
3-11-71 736 738 64 53 318 290 3966 4572 
3-24-71 907 875 46 53 213 161 3072 3288 
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that is actually available for uptake by small grains. The soils with 

higher extractable Fe levels did not exhibit Fe deficiency symptoms 

over a two-year period. 

The fluctuation of extractable Fe during the season could probably 

be correlated with soil temperature and moisture fluctuation. Also, 

plant uptake during periods of growth would affect the amount .. of extract

able Fe in the soil. The data presented in Figs. 3.2 and 3.3 suggests 

an inverse relationship be.tween extractable Fe and the per cent soil 

moisture--as soil moisture decreases extractable Fe increases. DTPA 

extractable Fe on moist soils (field conditions) was again found to be 

lower than extractable Fe levels in the same soil when dried (normal 

analysis procedure). Also, this difference was observed with available 

Zn and Mn. These differences in available Fe, Zn, and Mn with soil 

moisture content suggest that care should be used in soil preparation 

and handling prior to analysis. 

A comparison was made of Fe, Zn, Mn, and P concentrations in Fe 

deficient wheat plants with plants receiving adequate Fe periodically 

during the growing season, and the results are presented in Table 3.3. 

The concentration of these elements fluctuated during the season, 

probably due to changes in growth and uptake rates as soil temperature 

and moisture changed. The fluctuations of Fe concentration in the Fe 

deficient and non-deficie;n.t .plants were roughly the same; however, the 

Fe concentration in the chlorotic plants were higher than the non

chlorotic plants. The fluctuations of Zn were less than Fe and the Zn 

concentration was higher in the Fe .. deficient plants than those not 

showing Fe deficiency. Fluctuations occurred in Mn concentrations; 

however, the concentration appeared to depend more on experimental 



location than the Fe status of the plant. Phosphorus concentration 

varied and the Fe deficient plants were usually higher in P than the 

non-deficient plants. 

Experiment #3 
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The effect of fertilizer materials on Fe availability was deter

mined in the laboratory. A periodic sampling of the soil revealed 

there was no difference in the effect of the .fertilizer materials used 

on extractable Fe, Zn, or Mn under these experimental conditions. The 

values obtained (average of all treatments) for Fe, Zn, and Mn were 

0.2, 0.3, and 2.5 (moist) and 1.35, 0.75, and 8.oo (dry) ppm respec

tively. 



CHAPTER IV 

EVALUATION OF PHOSPHORUS AND IRON SOURCE 

COMBINATIONS FOR CORRECTING IRON 
'· 

DEFICIENCIES OF SMALL GRAINS1/ 

Abstract 

The effects of various Fe and P source combinations on Fe 

deficiencies of small grains were compared under field and growth 

chamber conditionso 

Wheat grain yields and visual observations indicated that certain 

Fe-P combinations effectively corrected Fe chlorosis of small grains. 

Ferrous sulfate with fluid polyphosphate fertilizers appears to be an 

economical means of correcting iron deficiencies, especially when banded 

with the seedo Broadcast methods appear to require higher rates of Fe 

compounds to be effectiveo The poly-flavinoid materials and FeEDDHA 

were effective and have some carry over into the second crop year, 

however, the present high cost is a deterrent to widespread use on 

low value crops, such as small grains. 

Additional Index Words: chlorosis, micronutrients, polyphosphates, 

iron chelates, fertilizer placement. 

1/Article co-authored with Billy Bo Tucker and to be submitted 
for publication in Agronomy Journalo 



Introduction 

Iron deficiency in small grains has been observed in Western 

Oklahoma since the early 1950's. The amount pf Fe chlorosis has 

increased rapidly since that time, until approximately 50,000 acres 

are now affected. 
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The ineffectiveness of soil-applied inorganic Fe compounds for 

correction has been well established (10, 18, 26). Various aspects of 

Fe, Zn, Mn rela~ionships have been implicated by several writers (4, 

20, 31, 36, 38, 41). Also, several investigators have indicated that 

high P levels in the .soil increase the ·severity of Fe defic.iency (4, 9, 

3l)o However, recent investigations suggest advantages of applying Fe 

with polyphosphate fertilizers (28, 29). It has been suggested that 

this complimentary effect is the result of a sequestering action of the 

polyphosphates, holding the Fe available for uptake by plants or the 

formation ofan Fe-P compound which .i.s soluble, even at high soil pH 

values. 

These studies were designed to compare various Fe and P source 

combinations under field and controlled conditions in the growth chamber 

using soils on which small grains show Fe d.eficiency. 

Materials and Methods 

Field Studies 

Phosphorus and Fe sources were compared under field conditions at 

different locations for two years. Three soil locations were selected 

irt the 1969-70 crop year on which small grains are known to be Fe 

deficient. The treatments and locations are given in Table 4.1. The 
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soil at the Foss location was a Vernon silt loam (an Ustochrept) with 

a 4% slope. The soil at the Hammond and Cheyenne locations was an 

Ustif'luvent (Spur silt loam, old classification system) with a 1% slope. 

Additional information concerning the fertilizer materials are: com-

merical blend - a P-Fe fertilizer marketed commercially; 18-20-0 (DAP) 

and 15-26-0 (TVA solid APP) coated - Feso4 was coated on the 

pellets of each source, also, FeDTPA was coated on pellets of 18-20-0; 

FeDTPA (ferric diethylenetriamine pentaacetate) - Sequestrene 330 Fe 

(lo% Fe); Feso4 (21% Fe); FeKeMin (Georgia Pacific Inc., Bellingham, 

Washington) and Rayplex Fe (Rayonier Inc. of Canada) - lignin by

products of paper pulp to which Fe has been added, FeKeMin (ll% Fe) 

RayplexFe (6.5% Fe); Znso4 (36% Zn); Rayplex Zn (lo.CJ% Zn); 0-20-0 

(CSP). The P sources were applied at 44 kg P/ha. The micronutrient 

sources were applied on an elemental basis and the rates are given in 

Table 4.1. The treatments were applied broadcast prior to planting and 

incorporated into the soil. 

Two other locations were selected in the 1970-71 crop year at 

FossH (Huls farm) and Hammon~ (Brown farm). Comparisons were made of 

various combinations of P and Fe sources. The P sources were: 0-20-0 

(CSP), 18-20-0 (DAP), 0-32-0 (Super Phosphoric Acid), 15-26-0 (TVA 

solid APP), 10-15-0 (APP, fluid) and were applied at 29 kg P/ha. The 

Fe sources were: FeEDDHA [Fe ethylenediamine (di-(0-hydro.:x:yphenyl

acetate) )] - 6% Fe, Feso4 (21% Fe) and were applied with each source 

at 1 and 17 kg Fe/ha respectively. The Fe materials were placed in 

suspension with 10-15-0 and then were broadcast on surface of soil at 

the same time that the other P sources were applied, i.e., all treat-

ments applied at the same time. The Feso4 was dissolved in H20 and 
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mixed with 10-15-0 on a 50-50 volume basis for convenience of applica-

tion and applied at 2.7, 5o4, Sol, and 16.2 kg Fe/ha with 29 kg P/ha. 

Ferrous sulfate was also mixed with manure, allowed to ferment, dried 

and applied at 34 kg Fe/ha and 11. MT manure/ha. Nitrogen was applied 

to each treatment to bring total N to 67 kg N/ha. All treatments were 

applied broadcast and incorporated approximately 1 week prior to 

plantingo 

Four P and Fe combinations were applied banded with the seed at 

3 locations: FossH' Hammon~, and Hammon~ (Harding farm). The 

treatments were 15-26-0 coated with FeEDDHA, 15-26-0 coate.d with Fe2o3 

and MnO, Feso4 was dissolved in H2o and mixed with 10-15-0 on a 50-50 

volume basis, and FeEDDHA was dissolved in H20 and mixed with 10-15-0 

volume basiso The P sources were applied at 29 kg P/ha and the Fe 

sources at 1 1 1, 6, and Oo5 kg Fe/ha respectivelyo 

Winter wheat (Triticum aestivum L.) was seeded on all plots in 

late September of each year at rates from 67 to 84 kg/hao 

Growth Chamber Studies 

Soil from a Spur silt loam was collected and passed through a 

0.5 cm screen to remove plant debris. The soil was not dried since 

preliminary investigations indicated that drying changed the available 

Fe status of this soilo Phosphorus and Fe source combinations were 

compared at three temperatures in the growth chamber. The P sources 

were:, 0-20-0 (CSPL 18-20-0 (DAPL and 15-26-0 (APP, solid). The Fe 

sources were: FeEDDHA 9 Feso4, FeKeMin, and manure (1800 ppm Fe). The 

P-Fe combinations were thoroughly mixed with 750 gm (oven dry basis) 

of soil and placed in plastic pots. The Fe treatments: no Fe, 
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FeEDDHA, Feso4, FeKeMin, and manure were applied with each P source at 

0 1 Oo25, 2o5, 5o5~ and 9 ppm Fe? respectively. Fifteen seeds of winter 

wheat were planted in each poto The pots were placed in a Shearer 

reach-in-type growth chamber with controlled temperature and day length 

(10 hro day). The experiment was repeated at each of 3 temperature 

settings: (1) 4°-4°, (2) 21°.,..21°, and (3) 21°-4° (day-night tempera

tures). 

The seeds were germinated at 21°c (day and night), and after 

0 emergence the night temperature was changed to 4 Co The plants were 

clipped 3 weeks after emergence and the appropriate experimental 

temperatures appliedo 

Visual observations were made daily and forage yield and samples 

were collected from the second clipping of each temperature treatment. 

0 0 The period,. of growth for this clipping· was 21 days at 21 -21 , 34 days 

at 21 ° -4°, .. ,and 78 days at 4°-4°. The clipping date depended upon 

growth rateo The Fe, Zn, Mn, and P concentrations in plant tissues 

were determined. 

Results and Discussion 

Field Studies 

Grain yields were relatively low (Table 4.1); howeverw good 

response was obtained to certain P-Fe treatments at Foss. The yield 

data indicates that the highest yields were obtained with the Fe source, 

FeKeMin. Visual observations, plant color, and growth during the grow-

ing s,eason indicated that this treatment relieved the Fe deficiency 

symptoms. Since Fe deficiency produces chlorotic (lack of chlorophyll) 
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TABLE 4ol 

Fertilizer Treatments and Small Grain Yield as 
Affected by Treatments (3 Locations) 1970 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

P Source 

Micronutrient 
Rate 

Source ( Kiye7Ha) 

Commercial Blend Fe, Zn 006, 0.06 

18-46-0 (coated) Feso4 11 

18-46-0 (coated) FeD'l'PA 2 

15-62-0 (coated) Feso4 11 

0-46-0 FeKeMin 13 

0-46-0 Rayplex Fe 7 

0-46-0 Feso4 11 

0-46-0 Znso4 11 

0-46-0 Fe, Znso4 11, 11 

0-46-0 Rayplex Zn 3 

0-46-0 Rayplex.Zn, 2, 3 
FeDTPA 

O Feso4 11 

O FeDTPA 2 

0-46-0 0 O 

0 0 0 

FLSD 

~o chlorotic plants observed 

0 some chlorotic plants observed 

s Severe chlorosis of all plants 

Grain Yield (Kg/Ha) 
Wheat Oats 
~ Hammond Cheyenne 

990° 1293° 

1139n 734n 

1436n 8lln 

15412: 85on 

163ln 652n 

1373n 823n 

1352n 94ln 

10458 892° 

11798 877° 

7128 1089° 

97 3° 884°. 

9048 840° 

4978 768° 

949° 1124n 

4188 1080° 

326 NS 

54268 

60308 

54788 

5677 8 

53008 

56558 

51958 

50648 

56638 

54108 

53348 

66288 

62488 

51868 

47438 

NS 
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plants, visual observations during the growing season are extremely 

important, especially since certain crops "recover" from the deficiency 

at later stages of growth. Visual observations may be more effective 

in comparing various Fe materials than yield data. However, increased 

yield is the ultimate economic "yardstick." The FeKeMin treatment 

looked good at the other two locations, but Fe deficiency symptoms 

developed on all treatments at Cheyenne. The chlorotic plants from 

the FeKeMin treatment recovered earlier in the spring than the other 

treatmentso 

The following treatments substantially increased yields at Foss: 

18-20-0 and 15-26-0 (coated with Feso4), 18-20-0 (coated with FeDTPA), 

Rayplex Fe, and 0-20-0 with Feso4 ; and visual observations indicated 

that these treatments relieved the Fe deficiency symptoms. However, 

the FeKeMin treatment maintained a slightly darker co1or, more forage 

growth, and high grain yield. Forage growth and plant color were 

noticeably improved by all of the previously mentioned treatments with 

early spring growth at Cheyenne and Hammond. 

Iron deficiency symptoms were first observed at the Cheyenne 

, location January 7; at Foss, February 21; and Hammond, March 6. The 

· ,deficiency symptoms dissipated at Hammond by March 26, and by April 15 

the plants at all locations had "recovered11 from the Fe chlorosis. The 

severity of Fe deficiency symptoms for each treatm'erit is indicated by 

a superscript in Table 4olo 

The relatively low yields and lack of response at Hammond and 

Cheyenne was due to an extremely dry spring. Howeverr visual observa

tions.,.during the growing season indicated good forage growth response 

to some of the treatments. Early growth responses producing good 
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forage growth followed by grain yields could probably be attributed to 

more soil moisture stress during the flowering and grain filling stages 

of growth. Some of the treatments that produced the highest yields at 

the Foss location produced the lowest yields at Cheyenne and Hammond. 

These treatments.gave good forage responses and were under more moisture 

stress during grain development,. thus lower grain yields. 

Yield data from Foss and visual observations at all locations 

indicated that the commercial blend treatment did not contain adequate 

Fe for normal plant growth or that the Fe was low in availability. The 

relatively high yield at Hammond for this treatment was probably due to 

lack of early growth response resulting in lower moisture use early in 

the season. The yield response from Zn applications at Foss was 

probably primarily due to P application.,. signified by comparing with 

P only (Trt. 14) Table 4.1. Iron deficiency symptoms were more severe 

on all plots that received Zn applications. Additions of Fe materials 

with Zn did not appreciably.relieve the Fe deficiency symptoms, sug

gesting an antagonistic relationship between Fe and Zn for Fe uptake 

by plants. 

The addition of Fe materials with N, where no P was added, enhanced 

the Fe deficiency throughout the "critical" growth stage of the wheat 

plants. Previous studies by .. the authors suggested a detrimental effect 

on Fe deficiency when N only was applied at other locations on these 

soils. Some evidence has been obtained s-µggesting enhanced Mn uptake 

by N additions as the causative factor. This effect of Zn and N-Fe 

combinations on Fe deficiencies was also observed at Cheyenne and 

Hammond, however, the differences were not as great. 
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The comparison of P and Fe sources, when applied broadcast, was 

continued at FossH and HammondH in the 1970-71 crop year. Iron defi

ciency symptoms were not observed at the Hammon~ location, but severe 

chlorosis developed in certain plots at FossHo There was no difference 

at the Foss location in yield between P sources, Fe sources, or P-Fe 

combinations whenever the fertilizer material was applied broadcast. 

It was determined by visual observations that broadcast P-Fe combina

tions below 17 kg Fe/ha did not supply adequate Fe for normal wheat 

growth. Applications of P-Fe combinations increased forage growth 

above the check or treatments receiving only P. Due to an extremely 

dry winter the grain yields were relatively low at FossH and resulted 

in loss of wheat stand at the Hammon~ location. 

Phosphorus and Fe combinations were applied banded with the seed 

at FossH, Hammon~, and the Hammon~locations. No Fe deficiency symp

toms were observed at the Hammon~ location and no response was noted. 

Chlorosis did ,occur at both of the other locations. No response was 

obtained with 15-26-0 coated with Fe2o3 and MnOo This could be due to 

supplying Fe as Fe2o3 or the antagonistic effect of Mn on Fe uptake. 

Good response was obtained with 10-15-0 and Feso4 or FeEDDHA at the 

FossH and HammondH locationso It was determined by-visual observations 

and yield data from FossH that 10-15-0 plus 6 kg Fe/ha as Feso4 and 

10~15-0 plus 0.5 kg Fe/ha as FeEDDHA supplied adequate Fe .for normal 

plant growth and were equally effective in correcting Fe deficiency in 

small grains when banded with the seed. The 15-26-0 coated with FeEDDHA 

decreased. Fe deficiency symptoms but was not as effective as the fluid 

P source. The 10-15-0 plus 6 kg Fe/ha as Feso4 treatment appears to 

be an. effective 7 economical method of correcting Fe deficiencies in 
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small grainso There appears to be a definite complimentary effect of P 

on Fe uptake on the soils which show Fe deficiency in small grains. 

Soil applications of polyflavinoid and :synthetic Fe chelates such 

as FeKeMin1 Rayplex Fe, and FeEDDHA can correct Fe deficiencies in small 

grainso Visual observations and yield data indicated the beneficial 

effect of FeKeMin carriedover into the second crop year. The present 

high costs of these chelating agents are a deterrent to widespread use 

in low valued field crops. However, these iron chelates could be 

economically .t'easible for ornamentals and high valuEl crops. 

Growth Chamber Studies 

The appearance of Fe deficiency symptoms in small grains is 

erratic but appears to be correlated to some degree with soil. tempera-

ture and moisture. For example, Fe deficiency symptoms were first 

observed in January of 1969-70 crop year, yet were observed in November 

of the 1970-71 crop year (50 days earlier). Also, when the soil tern-

peratures increase during the_spring, Fe deficiencies become less 

severe and may even dissipate. Therefore, phosphorus and Fe source 

combinations were compared in the growth chamber at three temperature 

settings: 4°-4°., 21°-21\ and 21°-:-4°C (day-night temperature), and the 

results are presented in Tables 4.2 and 4.3. 

Wheat forage yields were not markedly affected by P or Fe source 

combinations (Table 4.2). However, forage yields were affected by 

temperature. 0 0 Higher forage yields were produced at 21 -4- due to more 

favorable growing conditions for winter wheat. 

The concentration of Fe in the plant tissue is closely related to 

the temperature treatments. The Fe concentration was highest at 4°-4° 
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Forage Yields and Uptake of Fe, Zn, Mn, and P by Wheat 
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Total Concentration (Fe+ Zn+ Mn) and Concentration Ratios 
in Wheat Forage as Affected by P and Fe Sources 
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0 0 
and lowest at 21 -4. Comparison of yield and Fe concentrations indi-. 

cate that under favorable growing conditions for winter wheat (21°-4°) 

higher yields and lower concentrations of Fe occur. Under adverse 

growing conditions (4°-4°) accumulation of Fe occurred. The accumula

tion at 4°-4° could be.due to uptake rate exceeding growth rate, while 

under more favorable growing conditions (21°-4°) growth rate exceeds 

uptake and the "dilution11 effect occurs. The P and Fe source combina-

tions did not significantly affect the Fe concentrations. 

The Zn concentrations were also affected by the temperature 

treatments, however, the accumulation effect was less than with Fe. 

Ferrous sulfate, FeEDDHA, and FeKeMin reduced the Zn concentrations 

below that without Fe and with the manure treatment, regardless of P 

source. Apparently the antagonistic effect of Fe on Zn uptake reduced 

the Zn concentration. The Fe present in the manure was probably tied 

up by micro-organisms decomposing the manure, thus preventing Fe inter-

ference with Zn uptake. 

Manganese concentration was affected by temperature treatments, 

with a consistently lower Mn concentration at 21°...,.4°. The antagonistic 

effect of Fe on Mn uptake. is indicated by lower Mn concentration with 

the Fe.sources: Feso4, FeEDDHA, and FeKeMin • 

.. The P concentrations were not appreciably affected by temperature 

or P source. The P concentrations were higher with the manure treat-

ments, probably due to Pin the manure or possibly enhanced P avail-

ability with increased microbiological activity. 

Additional information concerning the heavy metal relationship can 

be obtained from the total concentration (Fe +Zn+ Mn) and various 

ratios presented in Table 4.3. The total concentration of heavy metals 
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was affected by the temperature treatmentso Lower total concentration 

under more favorable growing conditions (21°-4°) would be indicative of 

a "dilution" effect or uptake rate-growth rate relationship.· The 

decrease in total concentration by Feso4, FeEDDHA, and FeKeMin was 

probably due to antagonism of Fe on Zn and Mn uptake when a supply of 

readily available Fe is present. 

The Zn/Fe and Mn/Fe ratios are lower for the Feso4, FeEDDHA, and 

FeKeMin treatments due to the adverse effect of Fe on Zn and Mn uptake. 

The Mn/Zn ratios are decreased by Feso4 and FeKeMin, probably because 

Mn appeared to be .decreased more by Fe additions than Zno The reason 

FeEDDHA does not have the effect on Zn and Mn concentrations that 

Feso4 or FeKeMin does is that a lower amount of Fe is added as FeEDDHA. 

There did not appear to be any significant difference between the 

P sources on Fe uptake or relationships with the other heavy metals. 



CHAPTER V 

EFFECT OF FERTILIZER ELEMENTS ON I~ON 

DEFICIENCIES OF WINTER WHE,.Arr11 

Abstract 

Rates and combinations of the three major fertilizer elements and 

treatments of Fe, Zn, and Mn were applied to soil samples from a Spur 

silt loam soil (a Fluventic Haplustoll), .on which winter wheat consis

tently exhibits iron deficiency symptoms. Winter wheat. (Triticum 

aestivum L.) forage yields and nutrient uptake were obtained on two 

successive crops in the growth chamber with three different temperature 

regimes (4°c - 4°c, 21°c - 21°c, 21°c - 4°C; day-night temperatures). 

Forage yields were increased by N, P1 and Fe when temperatures were 

favorable. 'Highest yields were obtained at 21°-4°. Total concentra-

tions (Fe + Zn + Mn) were high at low temperatures (unfavorable .. growth), 

especially Fe. The decreases in concentrations at other temperatures 

is probably the "dilution effect" .from increased growth. Additions of 

Zn._and Mn- decreased the Fe .concentration, suggesting the concentration 

of Fev Znw or Mn in the plant depends upon the level of the other two 

in the soil. Nitrogen increased Mn and decreased Fe concentrations 

in the plant and significantly affected the concentration ratios. Some 

1/Article co-authored with Billy B. Tucker and to be submitted 
for publication in Agronomy Journal. 

... ' 
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evidence was accumulatedr suggesting low Fe/Mn ratios as partially 

responsible for the li'e deficiencyo 

Additional Key Words: nutrient uptake, chlorosis, temperature, 

nutrient interactiono 

Introduction 

50 

Iron deficiency of plants on calcareous soils is widespread and is 

frequently observed on sorghums in the Central and Southern Great Plains. 

Iron deficiency in small grains was first observed on certain soils in 

Oklahoma in the early 1950 1 s but has spread rapidly since that time, 

until approximately 50 7000 acres are now affectedo 

It has been observed that plants or varieties within species will 

vary in their ability to absorb nutrients o ·Considerable research infor

mation on the subject has been accumulated with corn and soybeans (6, 

8)0 .The available Fe in the soil and Fe uptake is affected by proper 

nutrient balanceo Various aspects of Fe, Zn, Mn relationships have 

been implicated by several writers (2, 11, 20, 23, 31, 36, 38, 41). 

Several investigators (4, 23, 38 1 '41) have reported that the optimum 

level of Fe 1 Zn, and Mn depends on the lev~ls of the other twoo An 

example is the low levels of Mn in the leaf tissue results in low Fe 

or Zn requirements, while high levels of Mn result in high Fe or Zn 

levelso 

The importance of available Fe, Zn, Mn ratios on the Fe status of 

plants has been established (11 7 38, 40)o As the amount of available 

Fe, Zn, or Mn becomes excessive in the soil, the uptake of the others 

will be suppressedo A detrimental effect of high P levels on Fe 

deficiency has been implied (5, 8, 19 1 4l)o 
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The purpose of these two experiments was to study the effect of N, 

P9 K fertilizers on Fe uptake and availability in winter wheat. Also, 

the effect of Fev Zn, and Mn additions on the concentrations of these 

heavy metal ions in the plant were investigatedo It was believed that 

a quantitative evaluation of the effect of N, P1 and Kon the intricate 

relationships of the heavy metals andP would be valuable in studying 

the Fe deficiency problem in small grains. 

Materials and Methods 

Soil samples were collected from a Spur silt loam soil on whic4 

winter wheat was exhibiting an Fe deficiencyo The soil was screened 

through a Oo5 cm screen to remove plant debris. The soil was not dried 9 

since preliminary work indicated that drying changed the available Fe, 

preventing characteristic symptoms from developing. The N-P-K and 

Fe-Zn-Mn treatments were applied as a 23 factorial arrangement of 

treatments with three replicationso The N9 P, K, Fe, Zn, and Mn treat

ments were thoroughly mixed with 750 gm (treatments applied on an oven 

dry basis) of soil at 40, 17, 25, 5, 5, 5 ppm respectively and placed 

in plastic pots. The N~ P 9 K 9 Fe~ Zn, and Mn materials used were 

33-0-0 (NH4No3), 0-20=0 (CSP), 0-0-50 (KCL), Feso4 , and Mnso4 respec

tivelyo Fifteen seeds of winter wheat (Triticum aestivum Lo Vara 

"Wichita") were planted in each pot. 

The pots were placed. in a Shearer reach-in-type growth chamber 

with controlled temperature and day~length (10 hr. day). The experi

ment was repeated at each of three temperature settings: (1) 4°-4°, 

(2) 21°-21\ (3) 21°-4°c (day-night temperature). 



The seeds were germinated 

0 temperature was changed to 4 Co 
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0 at 21 C and after emergence the night 

The plants were clipped three weeks 

after emergence and the .appropriate experimental temperatures appliedo 

,Visual observations were made daily with forage yield and samples 

collected from the second clipping at each temperature treatment. The 

period of growth for this clipping was: 21 days at 21°-21°, 34 days at 

21°-4°, and 78 days at 4°-4°0 The clipping date depended on growth 

rateo The Fe, Zn 9 Mn 9 and P concentrations in plant tissue~were 

determined. 

In order to simplify reporting, the results from the N-P-K ferti-

lizers (Experiment 1) and the Fe-Zn-Mn additions (Experiment 2), are 

reported separatelyo 

... A statistical analysis of the data was made using FLSD (Preliminary 

significant F with LSD) (7)o 

Results and Discussion 

Experiment 1 

Element uptake and plant growth are closely related under normal 

growing conditionso However, element concentration in plant tissues 

rn.ay var.y depending on rate of. up.take, mobility, plant growth, and 

stage of growth. Sinc.e essential '"elements do not enter the plant at 

a constant rate 9 concentration or accumulation of certain elements may 

occur if. normal,. plant growth is inter:rupted by: limiting factors such 

as adverse temperatures or nutrient deficiencies. Accumulation of some 

elements may also oc.cur if the rate of uptake exceeds the growth rate. 

Dilution of certain elements may occur if rate of plant growth exceeds 
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nutrient uptake or if one limiting nutrient is supplied and as increased 

growth rate occurso 

The effects of N, P, K additions on yield and Fe, Zn, Mn, and P 

concentrations are recorded in Table 5olo The addition of N increased 

the yield of clry matter at each temperature treatment. .Phosphorus in,.,. 

creased the yield slightly at ~1°~21° and 21°-4°, while K appeared to 

depress yieldsa 

The Fe concentration in the forage at 4°-4° was higher than at the 

other temperature treatmentso This was probably due to reduced growth 

rate caused by low temperaturev allowing Fe accumulation during this 

period of timeo The addition of N decreased Fe levels at 21°-21° and 

21°-4°0 The decrease could probably be attributed to a dilution effect 

of increased growth or to enhanced uptake of the other heavy metals 

coupled with a corresponding decrease in Fe uptake. The Zn concentra

tions at 4°-4° follow the Fe accumulation patterns at this low tempera

tureo Addition of Nor P appeared to depress Zn concentration. 

The differences in Mn concentrations between temperatures were 

lower than for Fe and Zno Nitrogen increased the Mn concentration.at 

each temperature treatmento The decrease in Fe and increase in Mn with 

N additions is an indication of an antagonistic relationship between 

Fe and Mnw similar to that found by Twyman (38). According to Bennett 

(4) Mn may produce Fe deficiency by depressing absorption of Fe, because 

of the antagonism existing between these two elements. Observations 

and yield data from field studies of iron deficiency in small grains 

indicated when N was applied without P, that Fe deficiency symptoms 

were more severeo The increased uptake of Mn and corresponding decrease 

in Fe uptake could explain the phenomenon observed in the field studieso 



Dry Matter 
Trt. (llli/~t} 

TABLE 5ol 

Influence of N9 P9 K9 and Temperature on Forage Yield 
and Nutrient Composition 

Fe (:e:em} :"h,~l Mn. (ppml p ·(ppm.} 

4°-4° 121°-21• 121°-4°14°-4° 121°-i1°1n°-4°f4°..:4.o 21°-21'0 2i0 -4° 4°..:4" 21°-21° I 21°;.,4'°14"-4-0 t21°.-21°r2i0 -4° 

ooo I 55 I 82 l. :: I ::: f 22~ 1162 
3i5 97 96 .. 233 300 l 151 :1 2331 I 3569 [ 3566 

. :_ 139 OOK I 52 I 78 125 141 112 . ll8 292 I 349 l 
140 · I 2887 I 3528 J 3564 

.. 
18 

.. 

I s.oio I 4664 l OPO I 57 l 
95 

f 
92 · i 416 I 166 

86 112 97 215 .· 276 133 5284 

OPK . .45 68 57 ; 828 . 150 117 191 % 125 . 3-23 I 280 1145 . ' 4.195 I 5472 I 5191 

::: :f :: 
I 140 l 24 7 · I 346 I 104 

43 1~0 90 61 407 . 408 . . 252 . . •. •· .· 2521 l 228.6 J 1674 

150 59 152 96 132' ·415· 

::···· 1 .. :.1 :::1 :: I 2991 273 '. 308 '· .· '84. 

NPO f 101_ 142 .250 346 117 · 42 133'· 93 62 357 I 3083 

NPK 90 107 112 316 127 . · 54. 136 115 76 410· ···415 ' · 241 .. · I 3110 l· 3506 I 2928 

$ig. 
NPK . ~ffect 'N N N N N. _N, p N$ NPJ( ·. N, K .. N • N ·_p, K N, p _N, p 

Cale. F "40*:A', , , .. . · . 27* . ' 13**• 24**, 64**• ~· . . .· .' . . . .' · .. , 
20** '25** ·15** 18**. 12**'. 45*- ·.· ... 6~9* · . s. 7*' ·· S.2* .- 7;6* . ·4S.* · 16** 14** · .. 30** 

:-: · .. · .. 

*Significant at 5% level **Si,gnificant at 1% level· " .· NS·,.:.· Non:-S'ignifi,cant at 5% lev~l 

\J1 
~ 
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The difference in P levels of the forage were not large and 

appeared to depend more on N-P-K treatments than on temperatureo The 

P concentrations were increased by P additions and decreased by N with 

or without Pat each temperatureo This decrease or dilution effect was 

probably due to increased growth and forage production fromadded N 

plus Po 

Additional information on the relationship between the heavy metals 

was obtained by an interpretation of the total Fe, Zn, and Mn concentra

tion9 heavy metal ratio;:3, and their ratios with Po This data is 

presented in Table 5o2o 

The high total concentration at 4°-4° is additional evidence of 

nutrient accu:mulation during periods of stress 9 in this case, low 

temperatureo Dilution of the total concentration occurred with in

creased growth, under more favorable growing conditions (21°-21° and 

21°-4°)0 Nitrogen did not appreciably affect the total concentrationo 

However, the total concentration was decreased by P and increased when 

K was added with' Po This increase could be due to the slight depression 

in yield when K was added with Po 

Nitrogen appeared to decrease the Fe/Zn and Fe/Mn ratios, and 

increased the Mn/Zn ratios a.teach temperature treatmento This would 

be expected since N depressed Fe and enhanced Mn uptakeo Also Zn 

uptake was depressed but not to the extent of Feo 

Since N depressed Fe and Zn concentrations and enhanced Mn uptake, 

the P-heavy metal ratios were affected ac.cordinglyo The P,-heavy metal 

ratios incr.!;lased by P additi.onso DeKock (13) and Orken and Walker (32) 

indicated the P/Fe ratio to be an accurate assessment of the Fe status 

in plant leaveso DeKock suggested that a.ratio > 50 resulted in 



TABLE 5o2 

Influence of Ns Pv K0 and Temperature on Total (Fe+ Zn+ Mn) 
Concentration and Nutrient Composition Ratios 

Tutal Cone. 

40.40 21°-21° 21°-4° 40.40 21°-21° 21°-4° 40.40 21°-21° 21°-4° 40.40 21°-21° 21°-4° 

000 1107 626 408 2,1 2.4 1. 7. 2.7 0.8 1.1 LO 3 .• 1 l.6 .. 
OOK 860 587 397 3.4 1.1 1. 2 1.4 0.4 LO 2.3 . ·3.1 1. 2 

OPO 298 3.8 1. 7 1.1 2.0 0,6_ L!l 2.9 
,' 

l. 7 744 540 0.6 

OPK 1343 527 387 4,4 1.6 1.0 2,7 0.6 ·o.8 1.:7 2.9 1.2 

NOO 873 604 355 2.9 1.2 0.7 0.9 0.3 0,2 3.4 4.5: 4.1 

NOK 875 532 444 2.0. 0.9 0.5 0.8 0.3 0,J 2.7 3;7 2.0 

NPO 837 572 332 2.6 1.3 0.7 1.0 0.3 0.2 2.7 3.9 3.7 

NPK 863 657 371 2.3 1.1 0.7 0.8 0.3 0.2 3.0 3.7 3.2 ... 

Sig. 
Effect NPK NP P, K N N,. K NP N N N NPK N NPK 
Cale, 6.3*, 13**, 

F 9.4 5.4* 5.7* 6.1* 7.5* 4.7* 17**. 11**. 43** 9.2 6_ .• 6* 5.9* 

P/Fe P/Zn P/Mn 

4°-4° v 0 -21° 21 °-4"' 4•.4• 21°-21° 21°-4° 4°-4° 2.1 °-21° 21 °-"4° 

000 5 16 23 10 38 37 11 12 24 

OOK 7 28 27 22 31 31 10 10 26 

OPO 8 33 64 28 48 71 15 17 40 

OPK 5 42 46 22 57 44 13 20 36 

NOD 7 24 40 21 25 27 6 5 6 

NOK 11 39 54 21 34 24 8 10 13 

NPO 9 29 75 22 34 50 8 9 14 

NPK 10 27 58 23 29 39 8 8 12 

Sig. PK, K, N, N, P, N, 
Effect N NP PK NPK NPK K p NPK NP 
Cale. 6.9*, 4.7*, 9, 5, 19, 26*, 
F 16** 6.3** 6 6.1* 7.0* 6 6.0* 9.0** 6.1* 

* . **, NS - Significance level at 5%, 1%, and Non-significant respectively. 
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chlorotic plants and that the high P content probably resulted in a 

metabolic imbalance in plants due to Fe deficie:qcy. The P/Fe ratios 

in this data were generally less than 50, excpet for certain treatments 

at 21°-4°0 Ratios above 50 did not result in chlorotic wheat plants 

suggesting the detrimental effect of Pon Fe reported by some writers 

does not exist for wheat or possibly that wheat is more tolerant·to 

high P/Fe ratios than other crops such as sorghum, corn, or soybeans~ 

Experiment 2 

The balance or relationship between the heavy metals has b.een 

studied extensively in nutrient solutions; however, this balance depends 

to a certain extent on stage of growth, crop, or even variety within a 
', 

specieso The balance which must be maintained in a nutrient solution 

for normal plant growth may be significantly different from normal 

growth_in field situationso 

Experiment 2 was designed to determine the effect of Fe, Zn, Mn, 

and interactions on heavy metal uptake and concentration in the planto 

The results are presented in Table 5o3. The production of dry matter 

at 4°-4° was not affected by any treatmento The low yield and lack of 

response was probably due to low growth rate at these adverse tempera

tureso The addition of Fe increased.the dry matter production at 21°-
0 .21 o This was probably due to lack of interference to Fe uptake and 

utilization at these high temperatureso Field studies indicate that as 

soil temperatures increase in the spring, Fe deficiency becomes less 

severe and deficiency. s;ymptoms disappear. The addition of Zn and Mn 

appeared to depress yield at 21°-21°0 This depression agrE)'es with 

' 
information obtained by Watanabe et al (41) and Twyman (38) where 



1 Trt. 

000 

OOM 

ozo 

OZM 

FOO 

FOM 

FZO 

FZM 

Sig. 

40_40 

90 

82 

83 

65 

90 

80 

103 

81 

Effect NS 

Cale. F 

Dry Matter 
(mg/pot) 

21°-21° 

107 

143 

125 

83 

140 

172 

153 

177 

Fe 

9* 

TABLE 5o3 

Influence of Fev Zn, Mn~ .and Temperature on Forage Yield 
and Nutrient Composition 

Fe (ppm) Zn (ppm} Mn· (ppm) 

21°-4° 40_40 21°-21° 21 °-4° 40_40 21°-21° 21°-4° 40_40 21°-21° 21°-4° 40_40 

172 317 127 54 137 ll5 76 410 416 241 3110 

225 510 84 68 347 92 81 340 420 245 4792 

178 443 84 54 287 }09 73 290 343 234 3809 

170 540 98 107 148 131 69 407 374 229 · 4527 

198 405 107 74 137 79 61 362 291 182 3264 

213 362 79 56 122 70 50 3.63 292 149 3609 

202 310 90 61 140 99 57 300 266 139 3098 

182 473 81 73 137 76 69 202 2S8 153 3555 
·. 

-

NS NS NS NS FZM Fe, Zn NS NS Fe Fe, Zn Mn 

11** 22**, S* 18**. 146**, S* S* 

p (ppm) 

21°-21° 21°-4° 

3306 2928 

3490 2729 

3367 2809 

3159 2942 

3095 3275 

2927 2757 

. 2.790 2901 

2483 2498 

Fe NS 

14** 

1F=Fe, Z=Zn, M=Mn for simplification in this table * Significant at 5% level ** Significant at 1% level 

V1 
CP 



addiiions of Zn and Mn decreased yield at low concentrations of Feo 

The addition of Fe increased yield at 21°-4°. The lack of yield re-

sponse when Zn and/or Mn were added with Fe suggests thatv at this 

temperature 9 interference of iron uptake or utilization may have 

occurredo 

.Evaluation of Fep Zn 9 Mn 9 and P concentrations in the plant 

tissue as affected by these heavy metal additions showed that Fe 

59 

concentrations were strongly affected by temperatureo The high Fe 

levels at 4°-4° could probably be correlated with rate of uptake 

exceeding growth rate. The lower Fe concentrations at 21°-21° and 

21°-4° could be attributed to dilution caused by increased growth rate 

under more favorable growing conditionso Thus the concentrations of 

Fe depend more on temperature or essentially growth rate than on. 

treatmento 

The Zn concentrations were also affected by the temperature 

treatments; however 9 the accumulation effect was less than Feo The 

Zn level at 4°-4° was increased by Zn and Mn additions alone but de-

creased when Zn and Mn were both appl.iedo Application of Fe decreased 

Zn concentrations in the plants at 21°-21°0 Heavy metal additions did 

not appreciably affect the Zn level at 21°-4°0 The Mn concentrations 

were affected by .. the temperature treatments P but not as drastically·· as 

Zn and Feo 0 0 The lower Mn levels at 21 -4 were probably due to higher 

growth rate resulting in dilution of Mn in plant tissues. The addition 

0 0 of Fe decreased Mn .levels for each temperature 9 especially at 21 -4. 

Zinc also appeared to depress Mn levels. The fact that concentrations 

of each heavy metal depends to a certain extent on the availability of 



the other twop further confirms a definite relationship between these 

nutrientso 

60 

The P concentration was not affected appreciably by temperatureo 

Iron decreased P concentrations and was probably the result of dilution 

with increased growth by Fe additionso Additional information on the 

relationship of heavy metals and P can be obtained by looking at the 

ratios reported in Table 5o4o ThePfti'e and P/Zn ratios were not affected 

by heavy metal treatmentso These ratios varied depending on tempera

tures and followed closely the pattern set by Fe and Zn concentrations, 

since P concentration varies little at different temperatureso The 

P/Mn ratios were significantly increased by Fe except at the low tem

peratureo This was probably primarily due to the effect of Fe additions 

reducing Mn concentrationso 

The results of total (Fev Znv Mn) concentrations and the ratios 

are given fo Table 5o4o The high total concentrations are probably 

the result of accumulation by the plants due to an imbalance or Fe 

deficiency present in this Spur soilo The addition of Fe decreased the 

total concentration at all temperatureso This lower concentration could 

be due to dilution from increased growth when Fe was suppliedo 

There was no consistent difference in Mn/Zn ratios at the different 

temperatures and there appeared to be little relationship between heavy 

metal additions and Mn/Zn ratioso 

The higher Fe/Zn ratios at 4°-4°v than the other temperatures 

suggested that Fe accumulates faster in plant tissue during a period 

of low growth rate on Fe deficient soilso However, Twyman (38) found 

that the concentration of Fe within the plant tissue had little 

relation to the incidence of chlorosis in Fe deficient plants •. Watanabev 



TABLE 5o4 

Influence of Fe 9 Zn, Mn, and Temperature on Total Concentration 
and Nutrient Composition Ratios 

Trt. 1 

4°-4° 

000 863 

OOM 1197 

ozo 1023 

OZM 1095 

FOO 903 

FOM 847 

FZD 750 

FZM 812 

Sig. 
Effect Fe 
Cale. F 4* 

Trt. 

4°-4° 

000 10 

OOM 10 

ozo 9 

OZM 8 

FOO 8 

FOM 10 

FZO 10 

FZM 10 

Sig. 
Effect NS 
Cale. F 

Total Cone. 

21°-21° 

658 

596 

537 

603 

477 

441 

454 

414 

Fe 
34* 

21°-21° 

27 

42 

40 

33 

36 

39 

34 

32 

NS 

21°-4° 

371 

393 

361 

405 

317 

356 

257 

294 

Fe 
6* 

21°-4° 

58 

41 

56 

33 

49 

51 

48 

35 

NS 

4°-4° 21°-21° 

2.3 1.1 

1.4 0.9 

1. 9 0.8 

3.6 0.7 

3.0 1. 3 

3.0 1.1 

2.5 0.9 

3.5 1.1 

NS Fe, Zn 
8*, 11** 

4°-4° 21°-21°. 

23 29 

13 38 

15 31 

30 24 

23 41 

29 43 

23 30 

26 33 

FZM Fe, Zn 
9* 6*, 10** 

21°-4° 

0.7 

0.8 

0.7 

1.6 

1. 2 

0.8 

1.1 

1.1 

NS 

21°-4° 

39 

35 

39 

43 

56 

42 

52 

37 

NS 

1F=Fe, :=Zn, M=Mn for simplification in this table 
NS - Non-significant at 5% level 

4°-4° 

0.8 

l. 5 

2.1 

1. 3 

1. 3 

1.1 

1.1 

2.5 

NS 

4°-4° 

8 

14 

18 

11 

9 

11 

10 

26 

NS 

21°-21° 

0.3 

0.2 

0.3 

0.3 

0.4 

0.3 

0.4 

0.3 

NS 

21°-21° 

8 

8 

10 

9 

11 

10 

11 

10 

Fe 
5* 

21°-4° 

0.2 

0.3 

0.2 

0.5 

0.4 

0.4 

0.4 

'0.3 

Fe 
6* 

21°-4° 

12 

12 

12 

13 

18 

19 

21 

17 

Fe 
46** 

4°-4° 

3.0 

1.0 

1. 2 

2,7 

2.5 

2.9 

2.2 

1.6 

FZM 
16** 

*Significant at 5% level 
**Significant at 1% level 

21°-21° 

3.7 

4.6 

3.3 

2.8 

3.8 

4.2 

2.8 

3.4 

Zn 
7* 

21°-4° 

3.2 

3.0 

3.2 

3.4 

3.1 

2,2 

2.5 

2.2 

Fe 
8* 
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et al (41)found that an Fe/Zn ratio of Oo2 appears to have a detrimental 

effect on yield in corno The heavy metal treatments in this study ap

peared to have little effect on the Fe/Zn ratio. The Fe/Mn ratios were 

also higher.at 4°-4°, and again there appeared to be little relation

ship between the ratio and heavy metal treatments. However, Twyman 

(38) found that when Fe/Mn ratios in plant tissues of oat plants was 

<0.2~ Fe chlorosis was observed. Somers, et~ (36) found that normal 

growth of soybeans did not occur unless the Fe/Mn ratio. of the nutrient 

solution was between 1.5 and 2o5o Soil test values for available Fe, 

Zn, and Mn using the DTPA extractant method, were obtained for the Spur 

soil used in these experiments. The Fe/Mn, Fe/Znv and Mn/Zn ratios were 

found to be 0.2p 1.8 1 and 8.3 respectively. If the ratio limits ob

served by Somers, et al (36) can be used as a guage of the relationship 

in the soil. then the low Fe/Mn ratio could be the causative factor of 

Fe deficiency in this young Mollisol. Also 9 according to Morris and 

Pierre (27) an increase in Fe to a nutrient solution containing an Fe 

deficient plant resulted in a decrease in Mn absorbed rather than an 

increase in Fe absorbed. 

Chlorosis symptoms characteristic of Fe deficiency were not ob

tained for any of the Fe, Zn, and Mn treatments. Preliminary research 

indicated that once soils which exhibit Fe deficiency in small grains 

are disturbed by bringing to greenhouse or growth chamber, charac

teristic Fe deficiency symptoms did not develop. This is probably 

related to changes in the chemical processes of the soil associated 

with pot culture. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Differences in wheat grain yields as affected by ammonium nitrate~ 

urea, and ammonium sulfate were small and nonsignificanto However, 

ammonium sulfate was inferior to either urea or ammonium nitrate in one 

studyo Differences between fall preplant applications and spring top

dressed N were smallo Summer N (post harvest) applications were 

inferior to fall and spring applicationso 

Additions of carbonaceous materials to Fe deficient soils at the 

rates applied had little effect on the available Fe status of the soilo 

The DTPA soil test for available Fe appears to be correlated with Fe 

available for uptake by small grainso Fluctuations of available soil 

Fe occurred during the growing season, probably the result of soil 

moisture and temperature changeso Available soil Fe appears to be 

inversely related to the soil moisture. Concentrations of Fe, Zn, Mn, 

and Pin wheat tissue fluctuated during the growing season, probably due 

to changes in soil Fe availability, growth ratep and uptake rate by the 

wheat plantso Manure treatments hold some promise in correction of Fe 

deficiency in wheat; howeverp large rates are necessary resulting in 

high treatment costso 

Iron deficiency in small grains was effectively corrected by 

certain P-Fe combinations,o Ferrous sulfate with fluid polyphosphates 

appear to be an economical means of correcting Fe deficiencies of small 
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grains» especially when banded with the seed. Synthetic chelates and 

polyflavinoid complexes to which Fe has been added are effective, but 

the present high cost prevents widespread use on low value crops. These 

Fe sources could be used for treating Fe deficiencies of high valued 

crops and ornamentals, however. 

The concentration of the heavy metals in wheat tissue was in

fluenced by temperature and N, P, K fertilization. The heavy metals 

accumulated at low temperatures (unfavorable growth) and the "dilution 

effect" was observed with higher forage yields under more favorable 

growing conditions. Forage yields were increased by N, P, and Fe 

additions. Additions of Zn and Mn decreased the Fe concentration, 

suggesting an antagonistic rel~tionship between these heavy metals. 

Nitrogen increased Mn and decreased Fe concentration in the plant 

tissue. Some evidence was accumulated, suggesting low Fe/Mn ratios 

to be responsible for ,the Fe deficiency of small grains growing on 

Spur silt loam soil. 
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