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beets remove as much as 1.5 times as much Zn as sorghum or potatoes 

(14). 

Varieties: The susceptibility of different varieties of corn and 

navy beans to Zn deficiency has been shown to vary (1, 37). Susceptible 

varieties of corn appeared to have less extensive root systems than 

resistant varieties (37). The susceptible corn plants were also found 

to have decayed root systems. In navy beans, susceptible varieties 

contained higher levels of both P and Fe than resistant varieties (1). 

It is not known whether these differences found between susceptible and 

non-susceptible varieties were the cause or the result of Zn deficiency. 

Soil mineralogy: Soil mineralogy appears to have an effect on Zn 

availability. Tiller and Hodgson (79) found that Zn was adsorbed to a 
�~� 

greater extent by vermiculite than by montmorillonite or kaolinite. 

Elgabaly, Jenny, and Overstreet (28) reported that more Zn was taken up 

by barley roots from bentonite than from kaolinite. Elgabaly and 

Jenny (27) postulated that Zn added to a montmorillonite system may 

enter the octahedral layer and become non-exchangeable. 

It has been indicated that the Zn in soil solution is in equili-

brium with solid phase ZnSi03 and amorphous Si02 (54, 78). Tiller (78) 

found that adding silica to a montmorillonite system increased the 

adsorption of Zn and that adsorption also increased at higher Zn levels. 

In contrast, Peaslee and Frink (65) reported that Zn uptake by tomatoes 

was not decreased by adding H2Si03 to a soil. The soils used in the 

study had pH levels in a range of 4.5 to 5.2, and Zn availability is 

normally quite high under these conditions. 
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Functions of Zinc in the Plant 

Zinc appears to function in plants mainly as a constituent of 

meta110enzymes. Winder and O'Hara (93, 94) found that Zn deficiency 

decreased the activities of glycerol dehydrogenase and lactate 

dehydrogenase from Mycobacteriu~ smegmatis. They also reported that Zn 

deficiency resulted in higher levels of phospholipids and inorganic 

polyphosphates, suggesting an inhibition of P utilization reactions. 

Grimm and Allen (36) found that Zn was required for the formation of 

cytochromes a. b, and c and cytochrome oxidase. Also, the RNA and 

protein contents of several plants appeared to be lower where Zn was 

deficient (49, 70, 85, 92). It is not known if Zn is required for 

synthesis of RNA or if Zn deficiency causes the accelerated degradation 

of RNA. Kess1er and Monse1ise (49) found that ribonuclease activity 

was increased in Zn deficient citrus leaves. 

Plant Response to Zinc Bearing Materi~ls 

Numerous Zn bearing materials have been used in attempts to 

correct Zn deficiency in corn. Some of the materials were inorganic 

such as 2nS04 , ZnC03, ZnO, or 2n residue clinker, and organic such as 

the Zn-EDTA, Zn-DTPA, and Zn polyflavonid (4, 5, 13, 17, 19, 24, 29, 66, 

74, 83, 84, 95). This literature review emphasizes coal ash and ZnS04 

which were used in greenhouse studies and ZnS04 , Zn-EDTA, and Zn-DTPA 

which were used in field studies. 

Coal ash: Several studies (26, 27, 67) have shown that coal ash con­

sists of mostly Si and Al oxides or hydroxides; varying contents of ~ V,tn, 

Fe, Si, Ca, Mg, Zn, and Mo; and low amounts of N. Rees and Sidrak (67) 
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rc!?orted that a coal ash cuntaLa2d 7'30 PPI-;1 ::..ota12n, \"hereas 2.5% 

aceti~ acid extracts of a cGal ash and a ~oil contained 212.8 and 

lG8.0 pplil 2n respectively. T:1 {'()ntra~~t, Cope (26), using the same 

extractant, reported a lower concentratiou of Zn in a coal ash-soil 

m:i.xtur!.:! th2a :in a soil alone. Tic also ha:3 shm,m a 10\'ler 2n content of 

barley when grown on coal ~ph-soil mixtures when compared to soil 

alone. The decreased 2n availability after the addition of coal ash 

may have been due to an incrpase in soil pH. Difficulties a3socia~ed 

with the reclamation of coal ash disposal areas by rcv~8ctation have 

been attributed to high concentrations of soluble salts, Al and B, 

high pH, and P deficiency (26, 41, 45, 46). 

be(~n conducted to evaluai:e the effect of rate ann placen13nt of 

on co;.:n yield. Rates of ZnSO 1+ .J.pplicat ion ranging from 2.2 to LL 2 kg 

Zn!ha have corrected Zn deficiency of cara on numerous soils (4, 5, 29, 

66) 83) 95). Higher corn yielJ~~ \1ere obtained \'1he-c2 Z1180
4 

'"v'las broad-

cast and plQ'1;'led dmvn than ""here an eqeal rate of ZnSO 4 ".TaS ei ther 

banded or sldedrc3sed (66). Under conditions of ad~quate N, application 

of KH4N03 with banded ZnS04 resulted in higher corn yield than an 

~qual rate of ZnS0
4 

banded alone (66). This increase in availability 

of indigenous and applied 2n resulted from a decrease in soil pH due 

to NHt·NO~ ann[.licRtJon (33, 66, 82). 
~ j ~. -

Gn::.er:house rest-:arch has sho'~m that Zn deficiency or corn pj ants 

can be c.orrcctcd by a lovler rate or Zn o.ppl:Lcation as 2.n-EIYl'A than ar; 

ZnS04 (13, 19, 24, 74). The Zn supplying power of Zn-EDTA 

has b2~n attributed to its ability to support lligher amounts of Zn in 
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.!.V 

r ;:11 ;:,obility in th2 80il (19). 

Z:::/ha of banded Zn-EDTA 

W2S 28 ~[fective in increa~ing pea bean yi21d 38 3.4 to 4.5 k3 Zn/ha 

In other field. Inve~;t:Lb(1.tions wher~-? similar 

races DE the two sources were baoJed, ollly ZnS0
4 

increased corn yield 

(29). 

/\.1 211 ci:.elates are able to support amOUl.1 [:8 of 2n 

in i3:-;1i..I.Li.'-::'D t h.i3Iv~r pH levels than ZnSO 11' they u8:1ally have a m~lxi-

mULl <::t \lhJ.~:; ::lH.';y are most effective in Cucu.J .... <-.'. Zn. 7. i.n.c-<r::DTA 

is most stable from pH 6.5 to 7.0. Belo~,] this range, Fe3+ and H+ 

become competitiv(~ \.\1i-::h the Zn, 'tvhr:reas above pH 7.0,Ca
2+ becomes 

CClJlp~;:t:ltlvC:! (iSO). In contrast to this, Zn-DTPA rd.s been found to be 

stable at pH ~I. 3. It h38 b!~Cl1 ShOH;''!. that In soil 3ystEms with high 

pH 12vels, Zn-DTFA supports greater levels of In in solution than 

Zn' ~EDTA «(,0) • 

.:\sso(:iatcd \'lith the prcblelTI of initially correcting Zn deficiency 

1.8 that of it from recurring in future years. The lack of 

publish~d research hRs made it difficult to determine whether to add 

Zn in a laTge application or small yearly applications. 

Equivalent corn yiej (La have ~Jeen obtained by rtppljdng ei.ther 6.3 kg 

Zn/ha as banded ZnSO I in t'l..J'O ot' three annual applications or 52.5 kg 
--t 

Zn/ba as bro;::dcast ZnSO 4 in one r:u?licaticn. (17) 8L~). On one Nichi.gan 

Gail, th~ yield,s of pea beans ~.;erc JncrCd.8f>.d r.10l"E! by a single large 

application of ZnS0
4 

than by wnaI1 annual additions (17, 84). 



COAL ASH AS A SO:~L N'IENl?·lr.:~~T FOR THE CO:lI{ECTION OF ZINC DEFICIENCY 

IN BOTro:,! ASH Arm H LGHLY ALKALINE FLY ASH 
~.,,---~.~---.. - --~-.-.... ---- ------- -_ .. _._-_.- _."._-", ~------~-.--.---

A major source of coal nsh is derived from the burning of 

pulverized coal by elect ric pm-let indus try. BecaUS2 of the increased 

emphe.sis on environmental poLlution control, this industry is faced 

with the problem of coal ash disposal. Fly ash is a type of coal ash 

that is collected by electrostatic and mechanical precipitation in 

contrast to the material retained in the lower part of the furnace 

known as bottom ash. The uses of coal ash have been primarily 

restricted to road bed stabilization and substitution for cement. 

However, in 1968 only 17.5% of almost 30 million tons of fly ash, 

bottom ash, and boIler slag produced Fas used commercially (3). The 

remainder was disposed of at a cODsiderable expense to the coal 

burning electric pmver industry. 

Due to the high amounts of Zn contained in coal ash, it might be 

feasible to use cval ash as a soil amendment for the correction of 

Zn deficiency. The objectives of this study were to deter~ine the 

total Zn containc=d in coal ash and to evaluate its availability to 

plants in greenhouse experiments. A seconci aspect of this research 

was to determine ~!at levels of coal ash, if any, might be toxic to 

pL~nts • 

Seventeen samples of fly ash and one sS(11ple of bottom ash \Vere 

collected from V2TioliS electric pO\-Jer companies throughout the T3nited 

States. T~2 coal ash~s were for total Zn an3lyses by fusing 

11 
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the samples with Na2C0 3 and dissolving the fused mass in 0.5N HCl as 

described by Kanehiro and Sherman (48). Acid extractable Zn was 

obtained by shaking 7.5g ash with 75 ml of 1.ON HCl for 2 hours. Th0 

samples were centrifuged and a 50 ml aliquot of the clear extract was 

dried on a hot plate. The dried residue was dissolved in 50 ml of 

0.5N HCl. Zinc in solution from total and extractable Zn analyses 

was determined by atomic adsorption spectrophotometry. 

A Frederick silt loam, Typic Paleudult (clayey, kaolinitic, 

mesic), known to be deficient in Zn for the growth of corn under 

greenhouse and field conditions, was used for this experiment. The' 

soil had an organic matter content of 1.5%, pH of 6.5, and a O.lN HCl 

extractable Zn content of 1.0 ppm. The soil was air dried and passed 

through a stainless steel screen having l-cm openings in preparation 

for a greenhouse investigation. 

Amendments to 2l00g soil consisted of 0, 6.3, and 12.6 mg Zn as 

ZnS04 in factorial combination with 0, 4.2, and 8.4 g CaC03• Other 

treatments included were coal ash from three sources applied in 

amounts equivalent to 6.3 mg Zn as 1.ON HCl extracts or 6.3, 12.6, 

25.2, 50.4, and 100.8 mg Zn as unaltered coal ash. The samples used 

were fly ash from Crawford Edison Plant, Chicago, Ill., and the 

Lewis and Clark Plant, Sidney, Mont.; and bottom ash from the 

Municipal Plant, Columbus, Ohio. All of the above treatments were 

arranged in a randomized complete block with three replications. The 

rates of application for the three ashes were based on their respec­

tive total and 1.0N HCl extractable Zn contents (Table I). The 

amendments required for the various treatments and the following 
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Table I. Total Zn and 1.ON ECI extractable Zn contents of several 
coal ash samples. 

Big Sandy 

Clinch River 

Glen Lyn 

Kanawha River 

Huskinguffi River 

l1uskingum River 

Philip Sporn 

iJt. Storm 

Albright 

Rivesville 

Cra,\'lford Edison 

John Sevier 

Ernest C. Gaston 

Ernest C. Gaston 

Nuni.cipa1* 

Hoot Lake 

Lewis and Clark 

*Eotto:n ash. 

Louisa, Ky. 

Cleveland, Va. 

Glen Lyn) Va, 

G 1 a s g my, H. Va. 

Beverly, Ohio 

Beverly, Ohio 

New Haven~ W. Va. 

Mt. Storm, W. Va. 

Albright, W. Va. 

FaIrmont, H. Va. 

Maidsville, W. Va. 

Chicago, Ill. 

Rogersville, Tenn. 

WilsonvillG) Ala. 

l\Tilsonville, Ala. 

Columbus, Ohio 

Fergus Falls, Minn. 

S tdney, ~lout. 

To 

ppm _._-

51.0 7.0 

54.7 11.4 

36.4 3.9 

45.9 3.1 

37.2 33.9 

lll~. 5 74.9 

87.3 8.2 

378.2 9..tl 

29.7 1.5 

12.9 3.5 

88.2 28.1 

363.1 93.0 

73.8 2.2 

186.4 8.5 

71.2 8.5 

1)582.0 1,1+20.0 

85.7 3.0 

131.9 4.2 
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nutrients were mixed in a twin shell blender with 2l00g portions of 

the Frederick soil: 441 mg N, 225 mg P, 105 mg Mg, 147 mg K, 2.1 mg 

Gu, 5.3 mg Mn, 3.2 mg B, and 0.2 mg Mo (Appendix, Table I). The 

amended soils were placed in polyethylene lined pots, watered to 

approximate field moisture equivalent (2) with deionized H
2
0, and 

allowed to incubate for two weeks while the polyethylene bags were 

closed. Following the equilibration period, two successive crops of 

4 corn plants per pot were grown. The variety of corn was DeKalb XL-385. 

During the first growth period of 26 days, two applications each of 

52.5 mg N were added to the soil surface 14 and 21 days after emergence, 

After the addition of 357 mg P and 162 mg N, a second crop of corn was 

grown for 34 days. The pots were watered daily to approximate field 

moisture equivalen~ (2) during each growth period. 

Soil pH was determined on a Beckman Model G pH meter, using a 1:1 

soil-water ratio and a I-hour period of equilibration. Specific 

conductivity was determined using a 2:1 soil-water mixture according 

to the method described by Bower (16). Plant tissue was prepared for 

Zn analysis by drying at 70C for 48 hours and grinding in a stainless 

steel Wiley mill. A l-g subsample of ground tissue was digested in a 

mixture of 10 ml of concentrated HN03 and 2 ml of concentrated HCl04• 

The digested sample was diluted to 50 ml with 0.5~ HCl, and the Zn in 

solution was determined by atomic adsorption spectrophotometry. 

Results and Discussion 

Zinc content of coal ash: The concentrations of total Zn and 

acid extractable Zn varied considerably (Table I). The sample of 
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bottom ash from the Municipal plant was higher in both total and 

acid extractable Zn than the fly ash samples which varied from 12.9 

to 378.2 ppm in total Zn and from 1.5 to 93.0 ppm in acid extractable 

Zn. Three of these samples, one bottom ash and two fly ashes that 

represented a cross section of the above samples, were selected for 

greenhouse and laboratory experiments. Those samples containing 

less than 100 ppm total Zn were excluded, since they would have to be 

added in extremely large amounts and might cause problems due to high 

soluble salt levels. 

So~l 'pH ,and sj>ecific conduc.~i.:::itX: Soil pH determined after two 

corn crops had been grown was increased by the addition of CaC03, all 

rates of Lewis and Clark fly ash, and high rates of Crawford Edison 

fly ash (Table II). The pH increases associated with the addltion of 

these ash samples were due to their high neutralizing power. 1 Doran 

reported that for each gram of Crawford Edison,Municipal, and Lewis 

and Clark ash added, the respective amounts of acid required to obtain 

pH 6.5 were 1.33, 0.03, and 3.38 meq H30+. Also responsible for the 

increases in soil pH were the large quantities of Crawford Edison and 

Lewis and Clark ashes added due to their low total Zn contents (Table 

I) • 

Application of both fly ash samples increased the soluble salt 

content of the soil to a high level (Table II). The highest specific 

conductivity was observed where the acid extract of Lewis and Clark 

fly ash was added to the soil. This can be attributed to the high 

1 Doran, J. W. 1969. The availability of soil molybdenum as affected 
by fly ash applications and certain soil properties. M.S. TheSis, 
Virginia Polytechnic Institute, Blacksburg. 
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Table II. The effect of ZnS04, CaC0
3

, and coal ash on the pH and 
specific conductivlty of a Frederick silt loam. 

Treatment 
Zn Coal CaC03 

Zn pH Conductivity 
Source Ash Rate 

g/2.1 kg mg/2.1 kg 
-- soil-- soil mmhos/cm 

Check 0.0 0.0 6 ~8ij* 0.413f 

ZnS04 0.0 6.3 7.0hi 0.310f 
ZnS04 0.0 12.6 6.8ij 0.307£ 

4.2 0.0 7.0hi 0.537def 
ZnS04 4.2 6.3 7.lgh 0.355f 
ZnS04 4.2 12.6 7.1gh 0.372f 

8.4 0.0 7.1gh 0.484ef 
ZnS04 8.4 6.3 7.3g 0.493ef 
ZnS04 8.4 12.6 7.4f 0.336f 

Crawford Edison* 6.3 6.5k 0.782bcdef 
Crawford Edison 17.3 6.3 6.8ij 0.538def 
Crawford Edison 34.6 12.6 6.7j O.847bcdef 
Crawford Edison 69.2 25.2 7.lgh 1.373bcde 
Crawford Edison 138.4 50.4 7.5f 1.583bc 
Crawford Edison 276.8 100.8 7.9d 1.457bcd 

Munieipal=F 6.3 6.7j 0.334f 
Municipal 4.0 6.3 6.9ij 0.177f 
Municipal 8.0 12.6 6.7j 0.266f 
Municipal 16.0 25.2 6.8ij 0.227f 
Municipal 32.0 50.4 6.7j 0.32lf 
Municipal 64.0 100.8 6.7j 0.285f 

Lewis and Clark+ 6.3 7.2gh 13.987a 
Lewis and Clark 47.8 6.3 7.7e O.795bcdef 
Lewis and Clark 95.6 12.6 B.Od 0.759cdef 
Lewis and Clark 191.2 25.2 8.6e O.660cdef 
Lewis and Clark 382.4 50.4 9.4b O.863bedef 
Lewis and Clark 764.8 100.8 10.4a 1.692b 

*Those means in each column not accompanied by the same letter are 
significantly different at the 0.05 level. 

=Fl.ON HCl extract of the coal ash from the Crawford Edison, 
Municipal, and Lewis and Clark plants. 



17 

amounts of HCI extract Lo outai !.t 1:11.2 desired Zn level. 

Although tha acid extracts of all the were added in the dry 

form, the extract from the Lewis and C]a~k fly ash contained a high 

lc..:vel of chloride. The Nunicipa 1. plant bottom ash, ,.;hich had the 

highest content of.acid extractable Zn, also had the least effect on 

the soluble salt level. The effects of fly ash additions on the 

conductivity of soil observed here are similar to those noted by 

Holliday et al (45). 

Yield of corn was increased by the addition of ZnSO~ 
q 

or Hunicipal plaut bottom ash (Table III). The highest yields were 

obtained when Zn was added in the form of ZnS0
4 

without CaC0
3 

and of 

Municipal bottom ash at levels exceed~n8 12.6 mg Zn. Lime significantly 

decreased the o7erall yield ~ith the lowest yields being observed uhere 

8.4g CaG0
3 

were added. Within lime treatments, corn yields were 

increased by the application of eitllPr 6.3 or 12.6 mg Zn. Application 

of both fly ash samples lm>jered the yield of corn in all cases (Table 

III). Yields were inversely related to the rates of the two fly ash 

s8111pl cs. These yield decreases \..;:cre apparently caused by decre.dsed Zn 

availability at high pH levels and by high soluble salt levels 

obtained \"hero either the Crm..;ford Edison or Le"\·l!s and Clark fly ashes 

'..Jcre added to the soil. Corn seeds did no t germina te ,>!here the acid 

extrnct of Lewis and Clark fly ash was added. 

Correlation ~nd regression relationships between corn yield and 

the function (soil pH - 6.3)-1 llsing data from the 2n804, CaC0
3

, or 

the unaltered. ash treatments Indir.ated that 59.9% (r :: O. T7[,·*J:) of 

the variation in corn yield cuuld be accounted for by variation in soil 
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Table III. The ~ffect of ZnSO" CaCO~, Rnd coal ash on the total 
corn yield and aVI':'~aze Zn'\lptal:e by COl:n grmvn on a 
Frederick silt lenm. 

2n 

Check 

ZnS0
4 2nSO, 
q 

2nS0
4 ZnSO, 
'+ 

2nS0
4 2nS04 

Cra~"ford Edison:-j; 
Cr,T-dford Edison 
Cr.:l u f 0 1:" d Edison 
Crai<lford Edison 
Cra\vford Edison 
Crmvford Edison 

p.:-.. 1* lUUL_J,pa 

r:fnnicipal 
Htll1icipal 
Nnnicipal 
I·luD ie-ipa1 
N1.lnicipal 

LB\',ds 2.nd 
-I-

ClarkY 

Le~vis Hnd Clark 
Le:vlis and Clark 
LeWlS b.nd Clark 
Lew'is and Clark 
IJe~'J~i!5 and Clark 

8/2.1 kg 
--- sail ---_.-

0.0 

0.0 
0.0 
110.2 
4.2 
4.2 
8.4 
8.4 
8.4 

17.3 
34.6 
69.2 

138.4 
276.8 

4 .. 0 
8.0 

16.0 
32.0 
64.0 

If7 • 8 
95.6 

191~2 

382.4 
76!f.8 

mg/2.1 kg 
soil 

0.0 

6.3 
12.6 

0.0 
6.3 

12.6 
0.0 
6.3 

12.6 

6.3 
6.3 

12.6 
25.2 
SO.4 

100.8 

6.3 
6.3 

12.6 
25.2 
50.4 

lOOe8 

6.3 
6.3 

12.6 
25.2 
50. !~ 

100.8 

Totalt 
Yield .. 

g/pot 

16.0cd* 

18.0ab 
19.0a 
10.3£! 
12.9f 
1S.0de 

8.3h 
13.4p 
14.1ef 

13.3f 
12.5f 

9.7g 
6.1fi 
2.6k 
1.01m 

15.9cd 
19.2a 
17.1bc 
19.2a 
17.7ab 
18.1ab 

O.Om 
6.6i 
~ .6j 
3.lk 
2$2k1 
1.6k1 

Tota1t 
2n Uptake 

llg/pot 

155.9ij 

343.6de 
377.5d 

88.S1mn 
231.3gh 
310.4ef 

84.l1mno 
187.2hi 
262.7fg 

1/+0.2ijk 
125.3jkl 
108.9jklm 

99.Sklm 
t~4 .lnopq 
~~O" f)pq 

1S Lf .lij 
285.1f 
357.9de 
524.3c 
682.3b 

·98S.0a 

O.Oq 
54. hlllOP 

31.1nopq 
37.7nopq 
23.9pq 
15.7pq 

,'<Those L'.C!c.lns in ca.:::'h coluUli.1 ~lct by the sarl1e letter 
are significantly diffe-rent at the O~05 level. 

-i-Tota.l of :':vJO hA.r~18S ts" Yields fer ind ividaal harvests are given 
in the Appendix. 

*l.ON ReI extract of ~hQ coal 2sh from the Crawford Edison, 
Nurdcip::d., and Let.d.s <lnd C] ark plants. 
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pH (Figure 1). Sinilarly, co~rclation of yi21d with the function 

(speci.fic conducti vi ty 0.3) --1 ind lca ted tha t 85.1t% (r :;:: O. 923}"*) of 

the variation in yield could be explained by the variation in specific 

conductivity (Figura 2)~ Pa~tial correlation analyses of corn yield 

\4i th the abovc-·menticned fun.::: tions of pH and specific conducti vi ty 

gave coefficients of 0.688** and 0.899** respectively, indicating that 

both factors had a significant effect on corn yield (Figure 3). 

Total Zn uptake by corn was increased over the 

check treatment by the addition of ZnS0
4

, except where the CaC0
3 

rate 

was 8.4g/2100g soil and the Zn rate was 6.3 mg/2]OOg soil (Table III). 

Both the 4.2 and 8.4 g/2l00g rates of CaC0
3 

decreased Zn uptake 

similarly. Amending the soil 1;"Jth both fly ash samples resulted in 

decre;a.sed total Zn uptake, except \"here the acid extract of Cra\vford 

Edison fly ash r,Ias added. Zj rlC up t3Ke was inversely rela ted to the 

level of fly ash application. The causes of decreased Zn uptake appear 

similar to those noted concerning yield; i.e., high pH and soluble 

salts. Zinc uptake varied dire~tly with rates of Municipal bottom ash 

appli.catJ.on, shmJing that thr; availability of Zn in this ash is high. 

The U.sc of ,':::'3h as a soil al1ll~ndment for the currec tiOl1 of Zn 

deficiency may b~ f23sible, but there appear to be some limitations 

\vhich must first be overcome. The total elemental content of an ash 

as well HS t~le Zn content should be knm\il1 to determine if there c1re 

any cons ti tU2nt B vT11ich migh t adversely affee t Zn avail :!oility 

or plant growch. Indiscrimiu3te use of coal ash as a Zn source could 

lead to highly undcsirab Ie chemi cal conditions in the soil Hhi.ch Tvould 

be d.ifficult to correct. Particular attention 5ho\110 he paid to the 
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acid or base content of the ash before its use as a Zn source for 

plants. Among the three 83h sarn.ples L:112stigated, only the :,funicipal 

plant bottom ash was a suitable Zn fertilizer, since it is high in 

Zn and has only a slightly nJkal.ine r-c'1ctlon. 



COAL ASH AS A SOIL AMENDMENT FOR THE CORRECTION OF ZINC DEFICIENCY 

IN CORN: II. BOTTOM ASH AND NEAR NEUTRAL FLY ASH 

It appears that several factors other than the total Zri content of 

coal ash have an effect on the availability of Zn contained in this 

material. As shown in the preceeding investigation, increases in both 

soil pH and specific conductivity caused by coal ash application 

resulted in decreased corn yield. In this study, low rates of coal 

ashes that were acidic or slightly alkaline in reaction were used in 

an attempt to prevent increases in soil pH and specific conductivity. 

One objective of this investigation was to evaluate the availability of 

Zn contained in these less-alkaline coal ashes to plants in the green­

house. Coal ash contains ~ high amount of Si0
2 

(54), and amorphous 

Si02 has been found 'to affect the solubility of soil Zn (54, 78). A 

second objective of this study was to determine the effect of soluble 

Si02 in soil solution, as altered by coal ash application, on Zn 

availability. 

Experimental Methods 

Soil from the 0- to 15-cm layer of a Frederick silt loam described 

previously (Page 12) and a Tatum silt loam (Typic Hapludult; clayey, 

mixed, thermic), known to be deficient in Zn for the growth of corn 

under greenhouse conditions, was used for this experiment. The soils 

were air dried and passed through a stainless steel screen having 1-cm 

openings in preparation for the greenhouse experiment. The following 

nutrients were mixed with the equivalent of 2100g of oven dry soil: 

440 mg N, 450 mg P, 105 mg Mg, 147 mg Kt 2.1 mg Cu, 5.3 mg Nu, 3.2 mg B, 

24 
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and 0.25 mg }10 (Appendix, Table 1). Treatments in the experiment con­

sisted of a check, one rate of ZnS04 , and two rates of five different 

coal ash samples. The ZnS04 was applied at a rate of 0.0 and 12.6 mg Zn, 

and the coal ashes were applied at rates equivalent to 6.3 and 12.6 mg 

Zn based on their total Zn contents (Table I). The fly ash samples were 

obtained from the following plants: Muskingum River, Beverly, Ohio; 

Philip Sporn, New Haven, W. Va.; Mt. Storm, Mt. Storm, W. Va.; and 

John Sevier, Rogersville, Tenn.; and the bottom ash sample from the 

MuniCipal plant, Columbus, Ohio. The samples were either acid or 

slightly alkaline in reactionl • All fertilizer and coal ashes were 

mixed with the soils in a twin shell bulk blender. 

Eight corn seeds (Var. DeKalb XL-385) were planted in each pot, 

and 1 week after germination the corn was thinned to four plants per 

pot. The growth periods on the Frederick and Tatum soils were 31 and 

36 days, respectively. The pots were watered to approximate field 

capacity (2) daily with deionized water, and two supplemental N appli­

cations of 52.5 mg each were added to all pots 14 and 21 days after 

emergence. The aerial portions of the plants were harvested, and their 

Zn content determined (see Page 14). 

Samples of the Tatum soil taken before corn was planted were used 

for soluble Si02 and available Zn determinations, whereas pH was 

determined on both soils after corn had been harvested. Soluble Si0
2 

was extracted from the Tatum soil that was equilibrated at approximate 

field moisture capacity (2) for 7 days. A 1:1 soil-to-deionized water 

ratio was then shaken for 24 hours, centrifuged, and the supernatant 

liquid filtered. Monosilicic acid in solution was determined by the 
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molybdenum blue l;l2.thad as des::rib,'3d G0~ett (34). Extract3ble 2n 

in the Tatum soil \-las obtaihcd by shaking of the soil with 20 ml of 

a mixture of 0.0501 Hel and O.OI.5N H
2

S0
4 

[or 5 minutes (68). Zinc in 

solution id.:..:l.S determined by aton:ic adsorption spectrophotort:etry. Soil 

pH \1aS d8termined as described pre'.-iotlsly (Page 14). 

Soil Only the Musking~m River fly ash influenced pH of 

either soil appreciably (Figure 4). The pH of the Tutlia soil was 

decreased from 6.1 to .1,,8 or 5.6, depending on the amount of this fly 

ash added, whereas the pH of the Frederick soil was decreased from 

6.9 to 6.5. The lack of change in pH from the r..ddJtion of the other 

sample.s corroborates their 10'" acid or base contents as reported by 

1 
Doran • 

Corn yields on both the Tatum and 

Frederick soils vlere increased by the add.:!. tion of 2n80 4) Huskingum 

River fly ash, or }1unicipal bottom ash (Figure 5). Also a yield 

increase Has obtained on the F~:ederick soil due to the application of 

12 ~ 6 rr.g Zn as l'hilip Sporn fly ash. Apparently, the Zn contai.ned in 

the Philip Sporn, Ht. Storm) or John Se7ier fly ash \v:1S unavailable to 

plants in most cases. 

Zinc upta~e by corn was Hell correlated with yield response data 

(Figu~e 6) and was increased on both 3011s whe~ 7nSJ" Husking'1m River 
~ 

fly a'511, or the 12.6 :ng 2n rate of ?::\lllici~H-ll bo ttom ':Ish 'Has applied. 

All other fly <:8h trc:?tments did not alter Zfl: llpt2kcstgnificani:ly. 

'.eht"! application of J.2~6 mg Zn 8.S l1us1d.nJ:vll1 River fly ;lsh increased Zn 
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uptake markedly. 112nce, the !'n in this ash appeared to 

be more available than an amount of Zn applied as Zn50
4

• 

lluwever, the increa Zn availability noted in this case may have been 

due to a combination of soluble Zn in the fly ash and a larger amount 

of available indigenous soil Zn caused by a decrease in soil pH. In 

soils Hhere lime must be used to maintain a 20i1 pH favorable for crop 

grm.;rth, the use of Neskingum River fly ash may not be feasible. 

HO'dever, \,lhere 211 di:!ficiencies Of'cur on soils '-lith naturally high pH 

levels, tbis material may be a suitable Zn fertilizer. Municipal 

bottom ash probably can be used to correct Zu deficiency under most soil 

cO~1diticIlS, 8spf;cially Hhere cbangt::;s in soil pH ar:~ undesi.rable. 

:?jl:i0'l.:~Z1}~ __ ~1~_io.~h~: The relationship beUvcen soluble Si02 ann 

Zn Etvailability Has studied on the Tatum soi 1, exclusive of Nuskingum 

River fly ash treated samples to preclude pH effects.. These coal ash­

soil ~nixtures varied from 12-26 ppm solu~)le S10
2 

and from 1.2 to 3.0 

ppm dilute acid extractable 2n. The coefficient of simple correlation 

(r = 0.106**) shows that 49.8% of the v3riation in yield was accounted 

for by variations in dilute acid extr:actablc 2n (Figure 7). Similarly, 

correlation of Id with soluble 5i02 indicates that 61.4% 

(r ::~ D.734--"*) of the y:te1c~ vari.ations could 12 explained by variation 

in soluble Si0
2 

levels (Figure 8). It appears that neither of the 

above r0.1atiorlships gave an adcquatf~ index of yield uhen us~d a] Cine. 

Partial correlation of corn yield with both extractable 

Zu and soluble 8i0
2 

ga~8 cuefficients of 0_833** and -0.875** 

respectively, indicating that both factors had a effect on 

corn yield (Figure 9). This relationshIp s t although the 
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Philip Sporn, }It~ Storm, 3fid J0hu Sevier fly ashes contributed Zn to 

the soil" it may have been rendered una\l:.:dla.hJe due to the high soluble 

Si0
2 

levels. On the basis of the high mJltiple correlation coefficient 

seen i11 Figure 9 (r = o. 939,'d_), it 8e2ms likely that the use of 

soluble Si0
2 

as well as extractable Zn miGht provide an adequate index 

of Zn availability from coal ash. 



i.n FIELD 

In the two previous studies and as by other investiga-

tors, ZnS0
4 

appears to be a Buitcble source of Zn for plants (4, 5, 

29, 66) 83, 95). Greenhouse research has shc';'ln that Zn deficiency of 

corn plants can be corrected by a lower rate of Zn application as 

Zn-EDTA than as ZnS()4 (13, 19, 2h, 74). Very little research has 

ceen conducted in the Southeastern states using these t'ldO Zn sources 

under field conditions. It was necessary, therefore, to determine the 

ra tes of ZnSO 4 and Zn-EDTA that \.;ould be mos t ef £ ec tive in c()rrect I1'1g 

Zu deficiency of corn grown in the field. The two soils used in the 

investigation were Litz silt loam and Norfolk loamy fine sand. The 

effect of placement of Zn-EDTA on grai_n yieJ.d and Zn content of corn 

pl,::mts grC'i.vIl on a Norfolk loamy fine sand vIaS also evaluated. 

lvrethods 

Field experiments were conducted in 1968 on a Norfolk JOaTay fine 

sand located in the Coastal Plain and on a Litz silt loam located in 

the Allegheny Nountains. The ?;orfolk loamy fine sand is a Typic 

Pa1eudult (fine loamy, siliceous, thermic) derived from unconsolidated 

marine sediments of interrocdiate t~xturc. The Litz si!t loam 13 a 

Ruptic Ultic. DystrochreJ?t (10a1',1Y Bkelctal) mixed, 111e8ic) d?l'ived from 

:lOn"c<J.lcareous s11:11::; '\.'11 th \videly thin strata of lirr:estone or 

calcarf;'ous shales. Certain chemical ?roperties of samples from the 0-

to IS-em layer of the experinental areas are shown in Table IV. Soil 

pH 'i·las detf:!nnined as mentioned previously (Page 1/+).. Available P was 

determ~ned by the M~hlich pro~edure as o11tlined by Ri~h (68). The 

35 
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Table IV. Properties of the 0- to IS-em layer of Litz silt 
loam and Norfolk lo~my fine sand. 

Litz si1 Norfolk lfs 

Soil pH 7 .. 2 6.3 

Available P, ppm 98.2 96.0 

O~lN Hel extractable Zn, ppm 1.9 1.2 

Total ZnCl ppm 77.0 13.0 

,------'""""----~-----------,.--~-'---.----------------------
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extraction procedure devised 

extractable Zn analyses (91), and the NaZC0
3 

fusion procedure outlined 

by Kattehiro and Sherman (48) was followed for total Zn analyses. Zinc 

in solution from both analyses ;-1.::1.8 detr::r:lined by atomic adsorption 

spectrophotometry. 

Two methods of application of ZnS0
4 

and Zn-EDTA were used in the 

field experiments. Solutions of the Zn sources were either sprayed on 

the soil surface and disked into soil to a depth of approximately 8 em 

or sprayed in the furrot-i directly in front of the press wheel of the 

corn planter. Hereafter, the respective methods of Zu application will 

be ~eferred to as broadcast and band placements. 

Treatments of the field experiments on the Norfolk soil consisted 

of a check, 7, 14, and 28 kg Zn/ha as broa~cast 2nS0
4

; 1.12, 2.24, and 

4.48 kg Zn/ha as broadcast Zn-EDTA; and 0.28, 0~56, and 1.12 kg 2n/ha 

as banded Zn-EDTA. Treatm2nts on the Litz soil consisted of a check; 7 

dnd 14 kg Zn/ha as broadcast 2nS04 ; and 2.24 and 4.48 kg Zn/ha as bro8.d­

cast Zn-EDTA. These treatments \Vere arranged in a randomized complete 

block desigu with four replications on the Norfolk soil and five repli­

cations on the Litz soil. The plot dimensions we~e 15.2/4 m in length 

on both soils with a width of 3.68 m (4 rows) ou the Norfolk soil and 

of 3.06 m (3 rows) on the Litz soil. 

Macronutrients were applied at rates of 158 kg N, 49.6 kg P, and 

152 kg K/ha to the Norfolk soil and of 168 N, 19.3 kg P, and 55.1 

kg K/ha to tbe Litz soil. Dia~inon was applied on tl1€ Norfolk soil 

at a rate of 4.43 kg/ha for insect control, and Atrazine was applied on 

both soils at a rate of 3.5 kg/ha for weed co~trol. Pion2ar 312 and 
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DeKalb XL-385 varieties of corn were planted in the Norfolk and Litz 

soils, respectively, at a rate of 44,500 seeds/ha. The dates of planting 

~'lere Apri.1 16 on the Norfolk soil and 1 on the Litz soil. 

Tissue s(]mples \\lcre taken in mid-June and aeain during the silk 

stage. The tissue samples in mid-June consisted of the sixth leaf of 

plants on the Norfolk soil Bud of the whole plant on the Litz soil. The 

leaf opposite and below the ear was sampled during the silk stage. The 

nethod of determining Zn in plant tissue was outlined earlier (Page 14). 

Height of corn plants was measured in mid-June. A 12.19 ill portion of 

the center rows of plots on the Norfolk soil and of the middle row of 

the plots en the Litz soil was harvested for corn grain yield. The 

yield values obtained were corrected to 15.5% moisture. 

Results and Discussion _______ --.p.,~.~_._ ....... ~ __ · ... ww _____ _ 

Hei~E22-:E.: Heights of young corn plants on the Litz silt 

loam and Norfolk loamy fine sand were increased by broadcast applica-

tion of 7 and 14 kg Zn/ha as ZnS0
4 

and of 2.24 and 4.48 kg Zn!ha as 

Zn-,EDTA (Tables V and VI). Plants grown on the check plots of the 

Litz soil were stunted throughout the growing season and frequently 

failed to develop eRrs (Figure 10). In contrast t plants on the check 

plots of the Norfolk soil exhibited Zn deiicieu,r'.Y symptoms in mid-June. 

but not at the silk stage. 

Broadcast applications of 7 and 14 Zn!ha as ZnS0
4 

and of 4.48 

Zn/ha as Zn-EDTA increased corn grail:. yield on the L:t tz silt loam 

(T,gble V). A lOHer ra.te of 2.2!~ kg Zn/ha as Zn-·EDTA 'f,:18S inadequate to 

increase corn grain yIeld. The curn grain yield was higher where ZnS04 
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Table V. The effect of rate and source of Zn fertilization on Zn 
content, yield, and height of corn grown on Litz silt loam. 

Zn Fertilization Zn Content of Tissue Yield of Plant 
Sampling Date corn Height 

Rate Source 6/13/68 8/22/68 grain 6/13/68 

kg/ha ppm kg/ha em 

0.00 16.lb* 10.8a* 314e* 20.4c* 
7.00 ZnS04 18.5b 10.4a 3395ab 30.7ab 

14.00 ZnSO 26.6a 10.5a 4265a 33.6a 
2.24 Zn-EfiTA 16.lb 9.6a 1348c 27.6b 

4.48 Zn-EDTA 19.8b 10.Oa 2846b 31.lab 

*The means in each column not accompanied by the same letter are 
significantly different at the .05 level of probability. 



Table VI. The effect of rate, source, and method of Zn fertilization on Zn content, 
yi,clci, and 1:u:dght of corn g!."o~;n on ~orfolk loamy fine sand. 

---
Zn Fc~ti1ization 

Yield of 
Corn 
Grain 

kg/ha --- :!?pm --- kg/ha 

0 .. 00 20.2b* 12.!j·b·'e 8475ct 
7 ; .. V'l .vv ZnSO 1+ broadcast 22 .. S't! l4.0b 9620a 

14.00 Z <::0 broadcast 26.6b :3.3~ 9925a r .. ..., 4 
28,,00 ZnS0

4 
broadcast 35.7a 20.3a 8985abc 

1. J,2 Zn-EDTA broadcast 23 .. 0b 12 .. 2b 8397c 
2.24 Zn-EDTA broadcast 20.5b 11.31-, 9596ab 

4.48 Zn-·EDTA broadcast 26.3b l4.9b 8726bc 
0.28 Zn-ED'I'A band 21.ob 12 .. 0b 9204abc 

0.56 Zn-EDTA band 26.6b 1:.50 9l65abc 
1 .. 12 Zn-EDTA bsnd 27.0b 11.7b 9!~32ab 

*The means in each column not accompanied by the same letter are significantly 
different at the .05 level of probability. 

7The means in each co1uTIn not accompanied by the same letter are significantly 
different at the .. 10 level of probability. 

P:tant 
Height 
6/11/68 

cm 

118.5b7< 

13L:·.4a 

:i34.9a 
127.9b 

l25.6b 
139.0a 

~L34. aa 
125.0b 

124. Ltb 

129.0ao 

.. t> 
o 
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Fig. 10. Effect of Zn fertilization on corn growth and development on Litz silt 
loam. The stunted plants did not receive Zn fertilization, whereas the 
tallest plants received 14 kg Zn/ha as broadcast ZnS0 4 • 

.po.. 
f-' 



was broadcast at a rate of 14 kg thc.:>ll ~djB.re Zn-·-EDTA \las b.coad-

cast at a rate of 4.48 kg In/ha. The ife;:y available r content and 

slightly alkaline pH \)f the Litz :305.1 (rahle IV) probably \','e1'e respon·· 

broadcast at a rat2 of 4. kg Zn/ha 90). 

Corn grain yield increases on the ~orfolk laaDy fine 

Zn/ha dS ZnB04 

and of 2.24 kg Zn/ha as Zn-EDTA (Table VI). A lower rate of banded 

Zn-ELTA af 1.12 kg Z~/lia &lso increased corn grain yield. These data 

8bo"\·1 that. ;)-1nd nethod of applying Zn·~EDTA \'las more efficient in 

scpplying Zil tv corn plants than the broadcast method" Yield r(::~c;:)unses 

to 7n app].i~ation were obtained on the Norfolk soil, although plants 

Fi~:pe'ired to recover from Zn deficiency. :!:t seems, therefor2., L">at Zn 

app.iic::ltioilHligilt increase yields on other soils v/here temporary Zn 

d~ficiency symptoms occur early in the growing season. 

The contents of O.lN Hel extractable Zn and total Zn ill the Litz 

silt 102m and Norfolk loamy fine sand (Table IV) were not abnormally 

lo .... v as c:,)litpa.,~ed t·,) othl3.r seils (80, 91). This observation :rtn'plil~s 

tha::. the Zn deficiency of corn plants on the tHO soiJ.S c.annot be 

at.tributed to a 1o," content of indigenous soil Zn. ~Tr:ither l:he ::!'"v::-:.il8.ble 

P contents nor the pH levels in tIle tvo solIs is naturally as high as 

occurred in the experimental areas (Table IV). It C3.l1 be aSS tll""'1cri, 

these c:o:1dit.iGns in th8 SOJ.ls. 'fhc high levels an~ ~v~il~Lle P 

contents prob~bly were responsible for the low plant availability of 

Zn, sinCe both £.:::--:tors are k.r.;oNn to iacltl'.:'.e 2n defici8TICY (21, 25, 37, 



52, 89, 90). 

Zinc Only the l!f Zujha rate of broadcast 

ZnS04 increased the Zn content of 2bove-ground portions of corn plants 

on the Litz soil early in the se['r~l)n (Tahle V). The Zn content 

of ear leaves of pl&nts on the Litz soil WRS not increased during the 

by either 2nS0
4 

or Zn-EDTA application. On the Norfolk soil, 

only tbe highest rate of broadc.ast ZnSO L. 0 E 28 Zn/ha increased the 

2n content of the sixth leaf of pIenta early in the growing season and 

of the ('.ar leaf during the silk stage Crable VI). The small increases 

in Zn content of tissue due to Zn application probably resulted from 

the di lution ef fee t '\dhi.ch has been explained by Hiat t and Hassey (38). 

The ear leaves of corn plants on check plots of the Litz and 

Norfolk soils containEd 10.8 and 12.4 ppm Zn, respectively, during the 

s:llk stage (Tables V and VI). The tissue s':E'1ples of plants on check 

plots of the two soils contained approximately 20 ppm Zn early in the 

growing season. In most cases, a yield response was obtained due to 

2n application without an accompanying increase in 2n content of tissue. 

It appears from tI-!ese data that combinations of sampling times and 

plant portions other than those used in the present investigation 

should be sel~cted fer diagnosis of Zn deficiency of corn by tissue 

~ . ana.tysls. 



RESPONSE O"£!' COF.N TO 

Associated with the of initially correcting Zn deficiency 

of corn in the field is thdt uf prevouting it from recurring in 

subsequent years, e&p~cially ~iliQre continuous corn is grown. The 

research reported herein was to de tennine the residual 

effects of ZnS04 and Zn-EDTA applied in 1968 on the yield of corn 

g:~o~}n the follmv:i_ng year. A second (1spect of this investigation 't<J'as 

to compare the effect of small annual Zn applications on the correction 

of Zn deficiency of corn to that of a single large application. 

FJeld experiments \·mre eondllcted in 1969 on a Norfolk loamy fine 

sRnd and Gn a Litz silt loam descrDJed previously (Page 35). The pH 

and contents of available P, O.lN Hel extractable Zn, and ~otal Zn in 

soil samples from the 0- to 15--cm lo.yer of the F;xperimental areas on 

Ule tvl0 soils taken at the tima that the study 1'1as initiated in 1968 

W2re reported previously (T~hle IV). 

In an initi.al study cO:lduc.ted on thc~se plots) t'\vO methods of 

ZnS04 and Zn-EDTA application were used. Solutions of the Zn sources 

were either spr~ycd on the soil surface ~nd disked into the soil to a 

depth of approximately 8 em or sprayed in a 5-cm band directly in front 

of the pr2~s wheel the corn planter. 3ereafter, the respective 

methods of Zn application will be referred to as broadcast and band 

placements. 



Treatments of the field un Lhe Norfolk soil consisted 

of a check; 7, 14, and 28 kg Zn/lta an bn:.,adl.:::ast ZnS04; 1.12, 2 .. 24, and 

4.48 kg Zn/ha as broadcast Zn-··EDTA; ancl 0.28, 0.56, and 1.12 kg Zn/ha 

as banded Zn-EDTA. Treatmenta on the Litz soil were all broadcast and 

consisted of a check; 7 and 14 kg Zn/ha as ZnS04; and 2024 aud 4.48 kg 

Zn/ha as Zn-EDTA. Treatments of hoth field experiments Here arranged 

in a randomized compl.ete block with four replications on the 

Norfolk soil and five replications on the Litz soil. In 1969) each 

plot 'I','las divided \-,i th one half of the plot receiving the same. treatment 

as in 1968 and the other receiving no Zn treatment. The sub plot of 

the check treatment on the Norfolk soil received 3.5 kg Zn/ha, and 28 

kg Zn/ha was applied to the corresponding plot on the Litz soil, all as 

broadcast ZnS04" The sub plot size was 7.62 m in length on both soils 

\vith a width of 3~68 m (4 rOHS) on the Norfolk soil dnd '3.06 m (3 rOv/s) 

on the Litz soil. 

Macronutrients applied to both soils in 1969 were 158 kg N, 19.3 

kg P, and 55.1 kg Kina. For v:eed control 1.68 kg/ha each of Atrazine 

and Simazinc were applied to the Norfolk soil, and 3.5 kg/ha Atrazine 

v.,l as applied to the Litz soil. The corn variety DeKalb XL-·45 \'las 

plmlted at a rate of 62,000 sc~ds/ha, and Southern States 8203 variety 

of corn ~as planted at a rate of 44)500 seeds/ha on the Norfolk and 

Litz solIs L3spectively. The dates of p1211ting \v(~re .~"p.cil 18 on the 

Norfolk 2nd i'IL.y 8 on the Litz soil .. 

Plant height Ei';2n.;o l .lrenif.?uts of L'.01'n grm'ln in the field expe;.:iments 

were made in mid-June. Tissue consisting of the sixth leaf 

of plants ~ere ta~en in mid-June on the Norfolk plots. The leaf 



0pFosite and belmv the caL' chn: lag the silk stage on the 

Li t~ soil. Total Zn in pLH1.t tissnE: t.m~", de termined as described 

earlier (Page 14). 

Statistical analyses ~:.;ere conducted on the data using the 

residual treatments as a rftndomiz:"~d complete. block design. A split 

plot analysis was used on all treatments except the check to deter-

the overall ef fects of both annual and bi<:;Uli.ia 1 Z:l applications. 

Paired t-tests were calculated between the sub plots for each Zn level, 

carrier, and type of placement (53). 

Discussion 

Plant height on the Litz silt loam was increased 

by both high residual Zn levels and by application of supplemental Zn 

in 1969 (Table VII). Increas~s in plant height occurred where Zn was 

applied at rates of 7 and 14 kg Zn/ha as ZnS0
4 

or 4.48 kg Zn/ha as 

Zn-EDTA only in 1968. These data indicate that residual Zn from ZnS0
4 

und Zn-EDTA is available to plants for more than one growing season, 

although only the highest rate of Zn-EDTA exerted this effect. Average 

plant heights obtained for both sub p lots at each Zn level ~'lere greater 

fvr both 14 Zn/ha as ZnS0
4 

and 4.48 kg Zn/ha as Zn-EDTA than for the 

2~24 kg Zn/ha as Zn-EDTA rate. Comparisons between the sub plots at 

each Zn le'ic:.l indicated that: plant neight ";78.S increased by the addit:lon 

of 28 kg Zrl!ha ~s ZnSO, to the check treatY:10.).1t or Sf";011d applie[1tion Qf 
q 

ILL kg Zn!ha as Zn~)O 4 and 2.24 kg Zn/ha as Zn~·EDTA. Tbe l1C:!:lghLS of corn 

pl~nts we~e ~ot affected by either residual Zn ()r ~ddittonal Zn applied 

in 1969 ou the Norfolk loamy fino SAnd (~abla VIII). 



Table. VII. The effect of rate and source of Zn fer~ilization on plant height~ Zn content, and 
yield of corn grown on a Litz silt loam. 

Treatm.,3ct s 

Zn Zn 1968 and Avg. 1968 and Avg. 1968 ar:.d SOllrc:e Rate 
1969 1969 

----"~-----.----

kg/ha em pplrr ppm 

Check 0.00 2Sb1 
35

2** :la 
I 2,·o~ 933c 1 2 6680 ,';* 

ZnSO 1+ 7.00 34a 35 34bc1 12a 14 l3b1 50l8ab 57CO 

ZnSO, 
"+ 

itf .. 00 34a 37~~ 36a 13a 19t l6a 6100a 6539 

Zu-EDTA 2.24 26b 31;" 38c lOa 11 lIb 1325c 4202~'~ 

Zn-1:::DTA 4.lt8 33a 37 35aL J.2a 13 12b 3763b 5747i-

IThose means in each colu.mn not followed by the same letter or letters are significantly 
different at the 0.05 level where applicable. 

228 • 00 kg Zu/ha as ZnS0
4 

broadcast in 1969. 

6320a 

2764c 

4755b 

*1-:) ,/, t Indicates significant differences according to paired t-tests at the 0 .. 01, 0.05, and 
0.10 levels respectively. 

.~:, . ....,; 



Table VIII. The effect of rate and source of Zu applied by broadcast (Be) and band (Ba) 
application on plant height, Zn content, and yield of corn grown on a Norfolk 
loamy fine sand. 

Treatment 
----...- ... ---~-

Zr:. Zn 
Source ;'lethod Rate 1968 and Avg. 1968 and Avg. 1968 ar~d A~.;.'g • 

1969 

kg/ha cm ppm· Kg/na ----

9'" 1 99
2 1-,1 

1'\ 

7668a1 77(,,)2 Check 0.0 ,a 
97a

1 /0 26 L~t~ 
1 'j .J 1 

Bc 17.00 99a 96 29b 59*~'" 4L~bc 7644<1 7793 771Sa 
Be 14.00 10/+a 101 lO2a 301: 96~'~* 63b 8193a 7777* 7985a 
Bc 28.00 104a 90 97a 54& 149t 102.:1 751la 8IgS 7843a 
Ee 1.12 95a 89 96a 22b 27c 32a 7503 7468a 

Zn-ED'LA Be 2.24 lO4a 103 103a 23b 31* 27c 7809a 8499 
Z11'-EDri\.t\ Ee 4.48 lO6a 109 107a 21.b 37t 29c 7064a 7652 7358a 
Zn-r<:D:'L B2 0.28 100a 97 98a 22b 20 21.c 7668a 74LrO 7 55L~.:.. 
Zn-EDTA lia. 0.56 9Sa 97 98a l8b 21 20e 7064a 7628 7346;;. 
Zn-EDTA Ea 1.12 97;,:;. 98 97a 19b 23 21e 7785a 8232 8008a 

1Thos8 m.eans in each colu .. "1ln not followed by the sam.e letter or letters are significantly different 
at the 0.05 level where applicable. 

23 •5 kg Zn/ha as ZnS0
4 

broadcast in 1969. 

** , ~f, + 
'I • Indicates significant differences ac~ording to paired t-tests at the 0.01) O.OSt and 

0.10 levels respectively. 
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soil was nct affected by residvnl Zn (Table VIl)e These results are 

similar to those report2d previously and indicate that very 

little of the residual Zn was available for pl&nt growth. However, it 

appsars that the lack of was probably due to t~e dilution 

eff ec t noted by Hia tt and Hassey (38), since plant si:~e "I;-1aS highly 

affected by Zn rate, especially in the later s of gro'llth ,,;vhen the 

\le:re taken. Comparison of the :TI2l:lnS for '\ihol~ plots 

indicated t~at only the 14 kg Zn/ha rate as ZnS0
4 

resulted in an 

increase in the Zn content over those plants grown on plots which had 

received Zn. Zinc con~ent was increased by the application of ZnS0
4 

either ae the rate of 28 kg Zn/ha to the check plot or annual applica-

tions of 14 kg Zn/ha. Apparently, applications of Zn are 

required tc overcome the Zn "fixing" capacity of the Litz Gail. 

Zinc remaining in the Ncrfolk soil from 1968 tions had 

little effect on the Zn content of corn except in the case of the 28 

kS Zn/ha rate as ZnSC
4 

where it was Increased significantly over all 

other treatments (Tahle VIII)~ This indicates that there was a high 

amount of ~vailable Zn due to the addition of amounts of ZnS0
4

• 

The means for whole indicated that applications of 14 or 28 kg 

Zu/ha as ZnS04 increased the Zn content over all other treatments. 

Comparis(n~s b(:!t\'lei~n sub plots at each 2n lCilcl re\lsaled that Z~1 ccn"-

banded. It \,,Tould seem likely that there 1{aS luxury Cr.DSIl1!lption of Zn, 

eSpecially in tIle C2.se of the tllO yearly applications of 1'8 kg Zn/ha 

as ZnS0
4 

where the Zn content was 149.4 ppm. 
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Co!.~ l.ield: Corn grain yield on thf: Litz soil was increased 

significantly by both residual and annual applications of Zn. 

Comparisons of the means where residual Zn only was available 

indicated that both rates of ZnS0
4 

gave the highest yields, while the 

2.24 kg Zn/ha as Zn-EDTA and the check were the lowest. The averages 

for the sub plots of each Zn level showed a similar trend, except 

that the 14 kg Zn/ha as ZnS04 gave the highest yield. Two applica­

tions of 4.48 kg Zn/ha as Zn-EDTA were needed to obtain maximum grain 

yield, and yield was increased in both cases where Zn-EDTA was added 

the second year. These increases reflect the low availability of 

residual Zn applied to the Litz soil in the chelate form. Corn yield 

was also increased by the application of 28 kg Zn/ha to the check plot. 

Corn grain yield was not affected by Zn application on the 

Norfolk soil. Response to Zn fertilizers on thjs soil seems to depend 

largely on the weather conditions during the growing season. The 

spring of 1969 was somewhat warmer and drier than in 1968 WhE:~l Zn 

deficiency was previously noted on this soil. Comparison of the sub 

plot values at each Zn level indicated that there was a decrease in 

yield due to the second application of 14 kg Zn/ha as ZnS04• The 

possibility that a Zn toxicity existed was not borne out by the next 

highest ZnS04 rate. It would seem likely that if a toxicity were to 

exist, that the annual application of 28 kg Zn/ha as ZnS04 would also 

have decreased yield. 



RESRQNSE OF CORN TO ZINC A~PbIED AS CHELATE OR SULFATE IN A 

FIELD INVESTIGATION ON A LITZ SILT LOAM 
II _ 

In a previous experiment on a Litz silt loam, it was found that 

Zn-EDTA was not as effective as ZnS0
4 

in correcting the Zn deficiency 

of corn when applied in a 1:3 ratio of Zn as chelate to Zn as sulfate. 

Due to the high pH of this soil, it was felt that the Zn-EDTA complex 

may have been unstable~ thereby precluding any advantage of adding Zn 

in the chelated form. In contrast to Zn-EDTA, Zn-DTPA has been shown 

to have greater stability at high pH levels in laboratory research 

(60). The objective of this study v;.::s to determine the effect of 

various rates of surface applied Zn-EDTA, Zn-DTPA, and ZnS0
4 

and 

foliar applied Zn-EDTA on the grain yield and Zn content of corn grown 

on a Litz silt loam. 

Ex~ri~ental Methods 

A field experiment was conducted in 1969 on a Litz silt loam 

described earlier (Page ~S). Treatments of the field experiment 

consisted of a check, Q,.J and 1.12 kg Zn/ha as Zn-DTPA, 0.56 and 1.12 

kg Zn/ha as Zn-EDTA, and 1.12 and 4.48 kg Zn/ha as ZnS04 - All treat-

ments except the f~liar application were sprayed in a 6-cm band 

immediately over 1~he row after the corn had been planted. An additional 

treatment consisting of foliar applied Zn-EDTA was made at a rate of 

0.56 kg Zn/ha in mid-June after Zn deficient corn plants were observed 

and prior to tissue sampling_ The treatments were arranged in a 

randomized complete block with five replications. Macronutrients were 

applied at the rates of 158 kg N, 19.3 kg P, and 55.1 kg K/ha. Atrazine 

51 
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was applied at a rate of 3.5 kg/ha for weed control to the soil. The 

Southern States 820S variety ot corn was planted at a rate of 44,500 

seeds/ha on May 8, 1969. Plant height measurements and tissue samples 

consisting of the aerial portion of the plants were taken in mid-June. 

The method for determining Zn in plant tissue is described elsewhere 

(Page 14). 

Results a~ piscussion 

Zinc deficiency of the corn plants was observed but was not 

sufficiently severe to stunt the plants (Table IX). There was a 

general chlorosis and in some instances "white bud" occurred. It was 

observed that after applying the Zn-EDTA to the plants, the newly-

emerged leaves remained chlorotic, while those leaves which had been 

in direct contact with the spray appeared dark green. This would 

indicate a lack of mobility of foliar applied Zn in the plant. 

Plant height, Zn content, and corn grain yield were not affected 

by any method of application or rate of the three Zn sources (Table IX). 

The lack of response may be attributed to the methods of Zn application. 

According to Lindsay et ale (54), the stability of Zn-EDTA decreases 

rapidly above pH 7.0, while that of Zn-DTPA decreases above pH 7.3. It 

is possible that although the Zn was added in the chelated form, the Zn 

was released from the complex due to competition from other ions such 

2+ as Ca ,since the soil pH was 7.1. If this were the case, the 

chela ted Zn may have reverted to the inorganic form. The mobility of 

inorganic Zn in soil is usually quite limited, as shown by }1ortvedt 

and Giordano (57). They found that Zn applied as ZnS04 to a soil 
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Ta'ble IX. Plant height ~ zi.nc content, and yield of corn grmm 
\vith several levels of three zinc sources on a Litz 
silt loam. 

Zn Content 
of Tissue Corn Grain 

kg/ha em ppm kg/ha 

Check 0.0 32,,2a* 2l~.3a* 62l7a* 

Zn-DTPA 0,,56 32.5a 25.3a 6052a 

Zn-DTPA 1,,12 32.0a 27.la 6186a 

Zn-EDTA 0.56 3l.5a 27.9a 6421a 

Zn-4 EDTA 1.12 3!t. Sa 27.8a 6350a 

ZnS0
4 1.12 32.2a 25.6a 6021a 

ZnS04 4.48 32.2a 28.Sa 5425a 

Zn-EDTAt 0.56 32.5a 24.8a 5355a 

~~Those means L.1 each column not follmved by the same letter or 
letters are significantly different at the 0.05 level. 

tFoliar application. 



having a pH ('I f 7. 1 m ov e d 0 ~ 7 ~j em aft er 8 of ration. It 

seems probable that the surface applied Z:1. did not move dor;'nH'lard into 

the root zone to supply adequate Zn for optimwn corn yield. 



This investigation W33 conducted to determine the efficacy of 

seve~al Zn bearing materials fur correction of Zu deficiency of corn 

and to evaluate the effect of certain coil factors on the availability 

of Zn from these sources. The soil amendments considered during the 

course of the ir'.vTcstiga.ticn \'If.!re c0::11 23h;, ZnSO/, Zn-EDTA, and Zn--DTPA. 
LJ. 

The soil fdcto~s under study were pH, sfe~ific conductivity, and 

soluble Si0
2 

levels as altered by co81 a6h application. 

Coal ash, a by-product of the coal burning electric power industry, 

was analyzed for total and 1,ON HCI extractable Zn. Seventeen fly ash 

samples were found to contain from 13 to 378 ppm in total Zn and from 

2 to 93 ppm in acid ~xtractable Zn. Only one of seven fly ash samples 

u~:;\::;d cor::rect~c~d Zn defici~ncy of corn in greenhouse studies on Tatum 

and Frederick silt 10ams. The increase in Zn availability due to the 

addition of this fly ash was attributed to a decrease in soil pH, 

which made indigenous soil Zn more available. Saveral of the fly 

ashes that were alkaline in reaction caused a decrease in corn growth 

due to increased soil pH and soluble salt levels. A sa'llple of bottom 

ash that contained 1582 ppm total Zn was effective in correcting Zn 

d2ficiency of corn plants gro'PJ. on both the Frederick and Tatum soils. 

These studies indicated that coal ash can be an effective source of Zn 

for plants if it contains a high 9QOunt of Zn and if it does not 

signi.ficantly alter the .soil pH or soluble salt level. 

The "Lela_tion.ship bet\'J{~erl corn yield 8r..d solu~ Ie Si0
2 

levl?ls 

induc:ed by 3ppli r::atton of coal aE,;1 to the T8tU]!";, soil W[~S studlSd. 
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Corn yield was found to be dil' ctly r01ated to weak acid extractable 

soil Zn 2nd iDversely related to soluble Si.O,.. levels. It \'las sho\,'n in 
.t. 

this study that, although 3. l-'r-rrticu] ac coal 8'3h sample contains a 

relatively high amount of Zn, the (o(lu(:. t may also contribute 

soluble and amorphous Si0
2 

to the soil, thereby decreasing Zn availability. 

In field studies, 2nS0
4

, Zn-DTPA, and Zn-EDTA Here applied by 

various Qethods to a Litz silt loam and a Norfolk lo~ry fine sand. 

Both Z050
4 

and Zn-EDTA were found to increase corn yield on these two 

soi.ls in 1968. On the Norfolk soil, the most effective correction of 

Zn deficiency~·;ras accomplished by the :;;.pplication of 7.00 kg 2n/ha as 

broadcast ZnSO,) 2c24 kg Zn/ha as broadcast Zn-EDTA, or 1.12 kg Zn/ha 
Lt 

as banded 2n-EDTA. 

In a 1969 field stuly on the Norfolk soi.l, residual or rrultiple 

applications of Zn d~d not increase corn yield. It appears that 

response to 2n fer'tilizers au this soil dc:.peuds laq:~ely on \veather 

conditions during the growing season. Zinc deficiency of corn was 

corrected on the Litz soil by broadcast application of both ZnS0
4 

Gnd 

2n--EDTA. The largest increase in yiel d occurred \'7he r-e ZnSO 4 ":'TaS 

applied at the, rate of 14 kg Zn/ha. Corn grain yield '(.;as increased by 

both residual ~nd annual applications of Zn on the Litz soil In 1969. 

A secouJ field study on the Litz soil consisted of spraying 2nS04, 

Zn-EDTA, and Zn-DTPA directly over th2 corn row irum~diately after the 

corr:. 'Yias planU~d. ZJ:l:>-EDTA ~;.;as aIs f ) applied as a foliar spray. 

A.lthough Zn dciicL:::ncy symptons T,vere observed, corn gra.in yield '\..;ras not 

increased 'by Clny of the treatu:.cnts u3ed. These results demonstrate.d 
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that s~~face or foliar appli~8tlon of 2n fe~tilizers was n~t effective 

in the correction of Zn deficiency 0;:1 the Litz soil. 

It 'H<13 concluded that tik:l cot' rec tion of 211 deficiency of corn can 

be 2CC()c.pltslled by the appl:icati.on of coal ash, ZuS0
4

, or Zn-·EDTA to 

su;,.L. H~Tvt:vcr:. t:'-,e.rc are. seveL:ll limit3 tiaHS to the use of coal ash 

as a :Zn Sejll:t:ce to plants. The tot21 elemental content of an ash riS well 

as tLt; 7n CO["t":.m1: Gho;,Jld be kaO\vl1 to detel:mine if there are constituents 

present whi'~h would adversely affect Zn availability or plant growth. 

The testing of a coal ash that might be a potential Zn source Hould 

invol~e an extensive quality co~trol system to evaluate such factors 

r:3 to tal Zn content, soluble SiO 2 con ten t ~ and pa. If coal ashes can 

be found that have c.c'T~Fa.rable propel't:tes to tho312. Df the Hunicipal 

bottom ash fruin Columbus, Oh50, they would pIobably be adequate and 

inexpensive 80Grcc:s of Zn to plants. Thi[; has yet to be tested in 

field studies. With regard to the several commercially produced Zn 

sources tested) both ZnS0
4 

and Zn-EDTA may be suitable sources of Zn 

to p13uts. Due to the cost of Zn-EDTA, th2 mest econcmi.cally feasible 

method of application "\\70111d be that of: banding at levi rates. Zinc 

sulfate can be very effective and economical when it is premi.xed with 

a macronucrient fertilizer, broadcast, and ~ixcd with the soil during 

cpl::!rHtions. ~'iore ezt,:;nsive field res(~arch required before 

tha feasibility of using Zil~TPA as a source of Zn to plants can be 

fully evaluated~ 
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Table I_ Reagent grade chemicals 
applied to soils in 
greenhouse studies_ 

Element Source 

N NH
4

N03 

P Ca(H2P04)2-H20 

Mg MgS04 - 7H2O 

K KCl 

Cu CuS04-SH
2
O 

Mn MnS04 -H2O 

B Na2B
4
07-lOH2O 

Mo Na2Mo04-2H2O 

Zn ZnS0
4

-7H
2
O 
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Table II. The effect of ZnS04, CaC03 , and coal ash on corn 
yield and Zn uptake by corn grown on a Frederick 
silt loam (sampled 10/19/68) • 

..... ...... ....... ....... 
Treatment Corn Zn Zn Coal Zn 

Source Ash CaC03 Rate Yield Uptake 
.............. -

g/2.l kg mg/2.l kg g/pot ]..1g/pot 
-- soil-- soil 

Check 0.0 0.0 10.6ab* 104.7fghi 

ZnS04 0.0 6.3 10.Sab 2ll.3d 
ZnS04 0.0 12.6 12.0a 196.Sde 

4.2 0.0 5.3defg 4l.2hij 
ZnS04 4.2. 6.3 S.7def 111.7fgh 
ZnS04 4.2 12.6 6.8de l3S.gefg 

8.4 0.0 4.0fghi 37.0hij 
ZnS04 8.4 6.3 S.8def 74.5ghij 
ZnS04 8.4 12.6 6.2de 100.lfghi 

Crawford Edison* 6.3 6.8de 74.3ghij 
Crawford Edison 17.3 6.3 7.2cd 70.7ghij 
Crawford Edison 34.6 12.6 4.8efgh 54.7ghij 
Crawford Edison 69.2 25.2 3.2hij 40.5hij 
Crawford Edison 138.4 50.4 1.2k l8.8j 
Crawford Edison 276.8 100.8 1.Ok 20.0j 

Municipal+ 6.3 9.Sb 9S.6fghi 
Municipal 4.0 6.3 9.6b l6l.6def 
Municipal 8.0 12.6 9.5b 229.3cd 
Municipal 16.0 2S.2 9.6b 294.0c 
Municipal 32.0 50.4 8.6bc 4ll.6b 
Municipal 64.0 100.8 9.2b 548.0a 

Lewis and Clark:f 6.3 O.Ok O.Oj 
Lewis and Clark 47.8 6.3 3.5ghij 29.6ij 
Lewis and Clark 95.6 12.6 2.0ijk l6.0j 
Lewis and Clark 191.2 25.2 1.6jk l4.lj 
Lewis and Clark 382.4 50.4 1.6jk l2.7j 
Lewis and Clark 764.8 100.8 1.2k l2.lj 

*Those means in each column not accompanied by the same letter 
are significantly different at the o. OS level. 

+1.0N HCl extract of the coal ash from the Crawford Edison, 
Municipal, and Lewis and Clark plants. 
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Table III. The effect of ZnS04, CaC03 , and coal ash on corn 
yield and Zn uptake by corn grown on a Frederick 
silt loam (sampled 11/25/68) • 

...... ... IJIII ........... 

Treatment 
Corn . Zn Zn Coal Zn 

Source Ash CaC0
3 Rate Yield Uptake 

g/2.1 kg mg/2.1 kg g/pot 1,J.g/pot -- soi1- soil 

Check 0.0 0.0 5.3g 51.2fg 

ZnS04 0.0 6.3 7.5def 132.3e 
ZnS04 0.0 12.6 7.0ef 181.0d 

4.2 0.0 5.0g 47.3fg 
ZnS04 4.2 6.3 7.2def l19.6e 
ZnS04 4.2 12.6 8.3bcd 174.5d 

8.4 0.0 4.4g 47.1gh 
ZnS04 8.4 6.3 7.6def 112.7e 
ZnS04 8.4 12.6 7.9cde 162.6d 

Crawford Edison:f 6.3 6.4f 65.9f 
Crawford Edison 17.3 6.3 5.3g 54.6fg 
Crawford Edison 34.6 12.6 4.9g 54.2fh 
Crawford Edison 69.2 25.2 3.2h 59.0f 
Crawford Edison 138.4 50.4 1.4i 25.3gh 
Crawford Edison 276.8 100.8 O.Oj O.Oh 

Municipa1:f 6.3 6.5f 58.5f 
Municipal 4.0 6.3 9.6a 123.5e 
Municipal 8.0 12.6 7.6def 128.6e 
Municipal 16.0 25.2 9.6a 230.3c 
Municipal 32.0 50.4 9.0ab 270.7b 
Municipal 64.0 100.8 8.9abc 437.0a 

Lewis and C1ark+ 6.3 O.Oj O.Oh 
Lewis and Clark 47.8 6.3 3.2h 25.1gh 
Lewis and Clark 95.6 12.6 2.6h 23.1gh 
Lewis and Clark 191.2 25.2 1.Si 23.6gh 
Lewis and Clark 382.4 50.4 0.7ij 11.2h 
Lewis and Clark 764.8 100.8 0.4ij 3.6h 

*Those means in each column not accompanied by the same letter 
are significantly different at the 0.05 level. 

*l.ON HC1 extract of the coal ash from the Crawford Edison, 
Municipal, and Lewis and Clark plants. 
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Zinc Deficiency Correction in Corn as Affected by Certain 

()f Four Virginia Soils) Hnd the Application of 

Zinc Sulfate, Zinc Chelatcs, and Coal Ash 

by 

}lel vin G. Sclmappin:ser 

ABSTRACT 

C:1.:11 ash, zese I' Zn-EDTA, and Zn·-DTPA Here evaluated as sources 
'-~ 

of Zn in grr;enh0use and field e.xperirr:ents on four soils known to supply 

iDctdequate amounts of Zn for corn (~~a 1.) growth. Coal ashes 

from sonrces contained from 13 to 1532 ppm in total 2n and 

from 1.5 to 1420.0 ppm in I.ON HCl extractable Zn. In a greenhouse 

experiment on a Frederick silt loam, applications of coal ash from one 

source i.ncreased (:orn yield, ,-,hi1e that from t'-l0 other sources 

decreased plant g~owth. The decrease in yield was found to be related 

to high soil pH aud soluble salt levels induced by application of the 

coal ashes. 

In a second greenhouse study, corn yield on Frederick and Tatum 

silt loam was increased by coal ash from two of the five sources applied. 

The iHcrease ~}3.s attributed to a high amount of ~vailable Zn from a 

bottom ash and to an acid reaction caused by application of a fly ash. 

This acid reaction ffi3Y have increased the availability of indigenous 

and applied 2n. Cor .. 1 y:tl-~ll:J (Jll the T;ltum soil was inversely related to 

soluble Si0
2

, indicating that high levels of Si0
2 

may decrease Zn 

availability to pl2nts. 

Field experiments were conducted in 1968 in which ZnS0
4 

and 

Zn-EDTA were broadcast at various rates to a Litz silt loam and a 



-;~orfolk loamy fi.ne sand. Droiidc2.8t and Land !nethoGs of Zl1-.. EDTA place-

went were also used on tha Norfolk soil. Highest cern grain yield 

oc.curred on bath soils \"her(! Iff kg Zn/ha as ZnS0
4 

'i"Tas broadcast. 

Zinc-EDTA hro2.deast at 2. 2!f Zn/ha or b::.nd8d at 1.12 kg Zn/ha alno 

increased corn yield on the Norfolk soil. On the Litz soil, 4.48 kg 

Zn/ha as Zn~EDTA was required to increase corn yi81d. The ear leaves 

of corn plants on Ch8Ck plots of the Litz and Norfolk soils contained 

10.8 and 12.4 ppm Zn respectively. 

In 1969, a ~,plit plot design was ;:PJperimpos2d on the 1968 expm:i-

rnenttll an~!lS on the. t\\TO 80i1s in vlhich the. subplots re(:2.ived e.i ther the 

same r te of Zn o~ w2re untreated. Corn yield was not increased by any 

treatment IJ11 the Nor:oik soil, but Has increased on the 1.5. tz soil by 

t'2sidual Zn from previous applications of 7.0 and 14.0 kg 20./;la as 

ZnS0
4 

and 4~48 kg Zn/ha as Zn-EDTA. Two annual applications of 2~24 

and 4.48 kg Zn/ha as Zn-EDTA resulted in increased corn yields as 

compared to one application of Zn at the same rate. Equivalent corn 

yields on the Litz 30il occurred from either one or cwo &nnual applica­

tions of ZnS0
4 

at the rates of 7 and 14 kg Z11/ha. 

In a second field study on the Litz soil, ZnS04 , Zn-EDTA, and 

Zn-DTPA were applied to the soil surface, and Zn-EDTA was also arplicd 

to the foliage. Corn grain yield was not increased by any of these 

treat~ents, althovgh Zn deficient corn plants were observed throughout 

the expcri~ental area. The lHc.k of increases in corn yield \Vere 

actrihuted to non~nobility of the surface applied Zn. 




