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INTRODUCTIDN 

That proportion of the total zinc (Zn) in the soil that is available 

to plants is variable, and little is known about the various forms of 

Zn or even the extent to which it occurs. Because of the complexity of 

the problem, most workers have approached the problem of availability 

of Zn to plants from the opposite point of view , that is , the forms in 

which the added or available Zn becomes WlaVailable . 

The Wlavailable forms of Zn are believed to be: 

l. Those that are bound tightly as an adsorbed ion on the mineral 

fractions of soil or actually enter the crystal lattice of these frac ­

tions. 

2. Those that are precipitated as relatively insoluble compounds. 

3. Those that are complexed by an organic component of the soil. 

Many investigations in the laboratory and field were designed to 

study the postulstion that a portion of the organic matter in the soil 

sometimes exists as a compound or compounds that are capable of forming 

insoluble complexes wi th polyvalent metals such as Zn . The results of 

these IBI1llY studies have not entirely elucidated questions which have 

arisen concerning this postulate. 

An unusual condition of Zn deficiency occurred in the Portneuf s ilt 

loam soil which compri ses a large area of crop-land in the Snake River 

Valley of southern Idaho. It had been observed that a Zn deficiency was 

apparent in beans grown on land where the tops from a previous sugarbeet 

crop had been turned under . A folisr application of ZnS04 to the 

affected beans corrected the deficiency symptoms. In a laboratory study 



wi th this Portneuf s oil, DeRemer and Smith (1964 ) substantiated these 

ob ervations . They found that the a ddition of sugarbeet tops i nduced 

2 

Zn defi c i ency symptoms in beans only i f the organic material was allowed 

to i ncubate in the soi l for at least 6 weeks before planting. Conse­

quently, as a result of their preliminary studies, several questions 

have arisen, and some points were found to need more investigation. 

This experiment was initiated to anSller the following questions : 

1. What is the effect of different sources of organic matter on 

the inactivation of Zn in soi l? 

2. Does the inactivation of Zn by sugarbeet tops occur in soil 

not known to have Zn deficiency problems , does it occur only in Zn 

deficient soils, or is there something specific about the Portneuf 

soil that the Zn deficiency occurs following sugarbeets? 

) . What is the effect of time on the Zn that appears to be 

inactivated? 

4. Where is the added Zn found in the different fractions of 

soil? 

5. What is the relationship between the amount of Zn in soil and 

the amount taken up by plants? 



REVIEW OF LITERATURE 

1\s early as 1869 , Raulin presented strong erldence that Zn was 

essential in the culture medium for at least some fungi, He thought 

it was not merely a stimulant but an essential element, and that 

growth when Zn was not added to the medium was due to the presence 

of Zn as an impurity. Javillier (1912) emphasized this point of view 

and s howed that bes i des being an i mpurity in the purest chemicals, 

Zn was apt to be present in glassware. 

In a series of nutrient culture experiments, Maz~ (1914) furnished 

the f i rst convincing evidence that Zn is essential for hi ghe r plants. 

The work of Sommer and Lipman (1926) and Sommer (1927, 1928), in which 

great care was used to prevent the plants from obtaining a Zn s upply 

from the glasSllare , the "Water, the dust of the greenhouse , or the 

chemicals in the nutrient solution, seemed to establish beyond ques ­

tion the requirement of Zn as a nutrient for some, of not for all, 

plants. 

3 

Duri ng the period of 1931 ·to 1935, different groups of workers 

(Alben et al., 1932; Chandler et al., 1931, 1932; Finch and Kinnison , 

1933 ; Barnet·t.e and Warner, 1935) discovered independently that treatment 

with Zn throug.'J. the soil and in other ways will cure a serious disease 

i n various fruit trees and many other crops. Since that time, inten­

sive studies have been done to clarify the Zn problem. 

It has been found that two factors govern the ability of a soil 

to provide enough Zn t o a grolfing plant. These are the total supply 

of Zn in the soil and its availability to the plant.. Most soils 



usually have more han enou.gh Zn o mee the requirements of nozmal 

plant '¥' '11 th, bu:t crop plants may have Zn deficiency disease. Thus , 

4 

t e ·!<l.jOr ,'robl em appears to be one of availability. Because of this , 

mos t of the rec ent work in soil Zn has been devoted to the study of the 

fa ctors affecting the Zn availability. 

Many soil factors have been found a s sociated with the deficiency 

of Zn in plants • 

fH and Lime 

There is enough evidence in the literature to e s tablish conclu­

sively that soil pH and lime content have a definite effect on the 

ability of plants to obtain a dequate Zn from the soil. As earl y as 

1939 I.ott wrote that the more acid the soil , the greater was the con­

centration of Zn in the soil soluti on. Peech (1941) concluded f r om his 

experiment that as the pH of the soil was increased with eaco3 , -tbe 

a mount of extractable Zn diminished and -tbat virtually all -tbe Zn was 

fixed at ]:H 9.0. Also Epstein and Stout (1951) showed that the uptake 

of Zn b;y plants increased with inc reasing proportions of complimentary 

H ions am decreasing Ca i ons . 

In 1955 Jurinak and Thorne reported titration curves with alkali 

hydroxides fo r dilute solutions of Zn i n equilibr ium with Utah benton­

ite. '!be r educed availability of Zn as the pH of the soil increased 

was generally thought to be a funct i on of the formation of insoluble 

Zn hydroxide. The inc reased solubilit y of Zn wi th the NaOH and KOH as 

the pH exceeded 6.5 was taken as evidence of the formation of soluble 

zincate i ons. The absence of i ncreased solubility under calcium con­

ditions was c onsistent with the low solubility of cal cium zincate. 



Wear (1956) f onnd a highly significant relationshi p between ]il 

valu'l ..: r the soil and the amount of Zn taken up by tile plants ; hi gh ]il 

cau ;'•' d ).res ln uptake. He also indicated that a soluble fonn of Zn a t 

a lower pH may be converte d to a l ess soluble and less ava i lable form 

in the soil at higher pH values. Boawn et al. (1960) not ed that Zn 

uptake by certain plants was influenced to a marked degree by changes 

in soil pH resulting from the various nitrogen carriers and nitrogen 

rates. 

Leyden a nd Toth (1960) concluded t hat as the pH of the soil was 

increased , the Zn content of t omato tops decreased. They also showed 

tha t as the pH inc reased, less fertilize r Zn was absor bed and more 

came f r om the soil, More recently Br own and Tiffin (1962) emphasized 

that Zn defic iency in plants occurs on soils wit h a pH 6.0 or higher. 

Lime minerals incl ude primarily calcite (CaC03) , dolomite 

[CaMg (co3 )2J and magnesite (Mgeo3 ). Peach (1941) concluded that the 

i ndiscriminate use of l ime to raise the pH value of the soil to the 

point favorable to fixation of ions into non- exchangeable and non­

available forms may offse t any benefi ts derived from lilting. Among t he 

eleme nts that are rendered unavailable by overlill.ing is Zn. 

The possibility that lime minezals in 'the soil may constitute a 

po ential adsorptive phase fo r certain cations was r ecognized by Leeper 

(1952 ) , who pos tulated tha i n cal careous so ils, calcium carbonate may 

be an impor tant adsor bent of heavy metals . Another possibi.lity for 

'the effect of l ime on Zn availabili ywas proposed by Jurinak and Bauer 

(1956 ). They indicat ed that the similarity of the usually quoted ionic 

r adii. of the magnes ium and Zn ions of 0. 78R and o .8Ji , r es pectively, 

s uggests t ha t Zn shoul d fit well into ·he Mgco
3 

lattice, whereas i is 

5 



oo srn.Ll t.o fit in,;o holes of Caco3- ype la tice where 1 . 06 i is the 

radiu& o• Ca. 

rh:.. ,, (1953) f ound t.hat increasing rates of application of lime­

s tone resul·t.ed in a progressive reduction of zn65 uptake ; for example , 

the activity per gram of plant tissue was 335 and 40 counts per min­

ute as ·the limestone l evel was raise d from 2 , 000 to 10,000 pounds an 

acre. Thus , i f the available Zn pr esent in the soil was near the 

critical level, the presence of appreciable amounts of lime minerals 

might pr esent an additiona l hazard to proper Zn nutrition of plants. 

Phospmte 

6 

Considerable work has been done to clarify the effect of phosphate 

f ertilization on the availabilit y of Zn to plants. However, disagree­

ment still exists as to the relative :lmportance of applied P in relation 

to Zn uptake by plants. 

Chapman et al. (1940) emphasized tha the high levels of phosphate 

in t he s oil will give Zn defi ciaacy symptoms on citrus. Rogers (1948) 

also found that the Zn content of the plants decreased to an e.lmost 

constant value wi"th i ncreasing rates of application of phosphate while 

the P content increased regularly in a direct r·atio to that applied. 

Bingham (1958) found no iceable reductions i n Zn concentration of citrus 

plants wi th heavy applications of calcium phosphate. Lang in et al. 

(1962 ) indicated tha t the more effectively the applie d P was utilized 

by the crop, "the more severe was the curtailment of Zn uptake. The y 

added that l ow P r ates rather than hea'ily infrequent application a re 

likel y to give less damaging effects. 

The me chanism i nvolved in the indue ion of Zn deficiency by P 



fer iliza Uo!lll is not fully understood. There is littJ.e evidence to 

indicat.e haw and unde. \fhat o::ondi ti ons such a phenomenon occurs. 

Sev•n:al m .::banisms can and have been postula ed. The iDIJDobilization 

of Zn by forming insoluble phosphate compounds is one. No evidence 

supports this view, and a consideration of the Zn requirements of 

plants and the solubility of even a compound such as zn3(ro4)
2 

makes 

such an explanation doubtful. Another explanation for the effect of 

phosphate on Zn uptake and the production of Zn defic i ency symptoms 

appears plausible, It has been suggested tha calcium from the super 

phos,nate may have an inhibiting effect on Zn in the absorption pro­

cess. Precipitation of zinc phosphate or other Zn complexes on root 

s urfaces, i n roots, and in conducting tissues may occur. Boawn et al. 

(1954) found that plant roots contain six times more Zn than do the 

aerial parts. 

Langin et al. (1962} concluded that the daJIBging effect of P on 

Zn utilization was Jbysiological or within the plant, perhaps in plant 

:root cells, where increased levels o£ P blocked the absorption of Zn 

and vice versa. They also suggested that it is very possible that some 

Zn-ac t v-ated enzyme involved i n growth is associated; hawever, its 

e£fect would seem secondary to the absorp· ion concept. 

Meanwhile , there have been many results which contradict the 

theories on Zn- P interaction. Peach (1941) and Nikilin and Raim y 

(1952) claimed that P was nei he detnmental nor beneficial to the 

absorption o£ Zn by plan s. Boawn e al, (195u) indicated that their 

data d d not support the idea that. phosphate had an adverse effect on 

Zn adsorp ion or utiliza ion ; they also concluded tha phosphate 

applica ions had no effect on the up·take of either applied Zn or native 

7 



soil Zn by plants. More than doubling the concentration of phosphate 

in the ph.nt tissue fa iled t o produce Zn deficiency symptoms or reduce 

the yield of dry matter of beans grown in greenhouse pots. They found 

that the amount of extractable j:hosphate in the soil was not related 

to the appearance of Zn deficiency s ymptoms. 
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Other groups of workers have trie d to br ing the two approaches 

together. Seatz (1960) suggested that the form in which phosphate is 

applied may have considerable effect. He showed that as the monocalcium 

]:hosphate content of the soil inc reased, the Zn content of plants in­

creased; but when tricalci um phos]:ha.te was increased in the soil, the 

Zn content of plants decreased. Sea tz explai ned the difference in 

degree of Zn uptake by the i nfluence of the rate and source of phosphate 

on the soil Iif· With monocalc ium phos ]:ha te , the pH of the soil de­

creased from 7.2 to 6.1 as the P rate was increased from 1,000 to 

20 , 000 pounds P2o5 per a cre , while with tricalcium phosphate the soil 

Iii changed from 7 .0 to 7.3 for the same i ncrease in phosphorus applica­

tion. 

Brown and Tiffin (1962 ) indicated that t he P effec t also depended 

on the type of the plants. The addition of P a ccentuated Zn deficiency 

symptoas in some plants like c otton, r ed kidney beans , tomatoes , and 

okra . Dill plants , in the same soil, developed severe Zn deficiency 

symptou on all treatment s even without adding any phosphate. 

Burteson (1961 ) concluded that P fertilization may induce Zn 

deficiency in some crops under certai n s oil and climatic conditions . 

Fhos]:horus- induced Zn deficiencies are pr obably e nhanced by cold , wet 

soils during the early part of he growing s eason. I t is thought t hat 

there was a restriction of roo · development near to the zone of 



fertilizer placement . 

ED 1a ( 1964) noted t ha a decrease in soil temperature decreased 

[ "'l<i of corn plants and decrea s ed the Zn concentrati on in the plants . 

The P concentration in the corn was not affected significant ly by soil 

temperature. 

Soil Minerals 

9 

The mineral fractions of soil play an important role in the avail­

ability of soil zinc. Jurinak and Bauer (1956) concluded that the 

similarity of the usually quoted ionic radii of the Vg and Zn ions 

suggests that Zn should fit well into the Mgco3 lattice. Sea tz and 

Jurinak (1957) indicated that Zn ions can be strongly adsorbed on com­

monly occurring lime miner als . They also added tha t the effect of 

liming with calcite and dolomite limestone on acid soils not only 

lowers Zn availability by i ncreasing soil pH, it may als o inc rease , 

temporar ily, the adsorptive caplcity of the soil f or Zn, The ability 

of the lime minerals to increase the adsorptive caplcit.y for any g i ven 

soil, whether aci d or alkaline , for Zn ions woul d pr obably be i mportant 

only in soils of coar se texture where clay was not the dominating 

fraction of the soil . 

Chandler (1935) found that trees growing on soils hi gh in c lay 

and wi til reactions as h i gh as pH 8 t o 9 rarely showed Zn deficiency, 

whereas trees on sandy, well-drained soils with reactions a s low as 

Iii 5.9 showed defi ciency symptoms, Holmes (1943 ) reported that the 

Zn contents of the soil correl ated quite closely with clay content. 

Elgabal y and Jenny (1943) , working with montmori llonite clays , 

found t hat Zn adsorption from Zn chlori de solutions i nvolves the ions 
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zn•• , Znc1• , and ZnOH+ , but the r elea s e of Zn from Zn c lay is res t ricted 

main]!' +.o Zn++. Some of the Zn a dsorbed could not be replaced with salt 

s olution. La r Elgabaly (1950) explained that in minerals with Si- Al 

structura l patterns , ions may enter the lattice through the holes pro­

duced by the distorted Al-octahedra on the a - b planes . In minerals wi th 

Si-Al-51 structures, entrance of the ion through Si-<l planes seems 

i mprobable. In such cases the easiest way f or an ion to be i nco rpor­

ated wi thin the lattice is to ,ass through hol es on the broken surfaces. 

In their experiment , Nelson and Melsted (1955) added zn65 to 

clays with different exchangeable ions and measured Zn adsorption. 

Their data supported Zn .fixation i n clay lattices . They s howed t hat Zn 

was retained by soils in t he following relation to other cations. 

H>Zn >Ca>Mg > K 

They concluded that a large ,art of the Zn added to soils and clay is 

c onve rte d to a form which is non-exchangeable , but which can ·be ex­

tracted wit h dilute acids. The proportion of Zn i n this form increased 

wi th calcium saturation, t i me of reac t ion, and with decreasing quanti­

ties of Zn. 

Or gani c Matter and Mic roorgani sms 

Many studies have been conducted in order to investi gate the 

effec t of organic matter on the availabill y of Zn. Jones, Call, and 

Barnette (1936) placed saw grass peat on the top of columns of soils 

and lea ched with a Zn sol u ion. The pea was found to retain most of 

the Zn added . 

Hibbard (1940a ) showed that he surface 2 inches of t he soil had 

a much h igher Zn c ontent than was found in l ower layers. He found tha 
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Zn .<as not readily leached from the soil and reasoned that accumulation 

resulted from the decomposition of organic matter. He also determined 

the Zn content of leaves of three woody species in various stages of 

decomposition . The Zn content of oak leaves was found to vary from 40 

ppm in f reshly fallen leaves to 98 ppm in leaves showing much decomposi­

t ion . Pine ~ried from 34 ppm to 180 ppm and redwood from 39 to 97 ppm . 

This would show that Zn is retained by the organic matter and not 

leached as the organic matter decomposes. 

Peech (1941) not ed that the formation of humates of Cu and Zn in 

Florida soi l s was the major cause of reduced availability of these 

element s on the ac i d soils, particularly where the exchange capacity 

was seated primarily in t he organic matter fraction. 

Himes and Barker (1947) concluded that soil organi.c matter has a 

high affinity for Zn . They found that the removal of ~rganic matter by 

oxidation des troyed the ability of the soil to chelate Zn . Miller and 

Ohlrogg (1958 ) indicated that Zn supplied as the organic complex i s 

l ess available to plants than that supplied in the ionic form. 

Recently DeRemer and Smith (1964) found that additi on of organic 

matter i n the form of sugarbeet tops to the soil tended to make the Zn 

present in the soil mo re difficult f or the plant to obtain if the 

organic rna tter was allowed to p3. rtially decompose . 

On the other hand, the effect of organic matter in increasing t he 

availability of Zn has also been reported . Barnette et al . (1936 ) 

showed that the addition of organi c manures to soils pr oduci ng Zn 

deficient plants corrected the deficiency. Camp (1945 ) wrote that the 

in rease in the number of Zn deficient soils in Florida may be due to 

the change f rom t he use of organ ic manures to the use of mineral 
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.fer ·ilizers . 

H has been believed that microorganisms in a soil in which the Zn 

l evel i s low absorb so much of what is available that higher plants 

suffer from the lack of Zn (Hibbard , 1940). The same idea was presented 

by Ark (1937). Ark found that the sterilization of a Zn deficient soil 

was effective in correcting the unfavorable Zn condition. Plants grown 

in t he sterilized soil were healthy, while those grown in the untreated 

soil were severely deficient. This observation led him to the conclu­

sion t hat there was a r elationship between soil microflora and Zn 

availability in soil to plants. 

Organo-Clay Complex 

Attention has recently been given to the interaction between 

organic matter, which is believed to chelate or complex Zn, and the 

clay fraction in soil. 

DeRemer and Smit h (1964) found that the silt and sand size 

particles seemed to re tain more Zn than the clay size particles, Also, 

Henry (1966) r eported similar findings during his experitrent. He con­

cluded that organic matter seemed to bind clay size par icles together 

and produce silt size particles. He added that if this were the case, 

t he bonding of organic ma terial to the mineral f racti on was so firm 

·tha t i t r esisted the extract i on by hydrogen per oxides and other 

reagent s . 

There are many evidences in the literature to support the hypothe­

s is t hat organic matter interacts with soil mineral fractions. It was 

rndl.cate d that a certain amount of organic substance is firmly bound 

with clay. A remarkable pr operty acquired by clay under t he influence 



of humus i s the decrease of solubility. Schloesing (1902) • on the 

baais of his observations , thought that the colloids of humus take ·up 

clay and form some undefi ned compounds in a way that there was a de­

c rease in the capability of c l ay to dissolve under the influence of 

wate r. Sidiri (1936) noted that humus was irreversibly adsorbed by 

clay, and thus raised the tenac ity of the aggregates. This was not in 

the same degree ror every clay, Meyers (1937) believed that the elec­

t onegat ive properties which a r e passed by soil colloids would serve 

a s polarizing materials ror the humic oompounds which are polar and 

woul d a t tract the positive end of the polar compounds toward their 

surf'aces. He also emphasized the effect of amphoteric compounds such 

as aluminum hydroxide on forming a chemical union between t he positive 

va lences of the compound and the negative valences of the colloidal 

or ganic acids. In addition, ther e would probably be oriented packing 

around the aluminum hydroxide p:1rticles since the organic colloidal 

particles, because of their relati vely large size , would need to be 

packed very closely in order to satisfy the valence requirements of 

t he positively charged particles. 

Tyulin (1938) f ound that , besi des the organic matter whic h was 

l oosely attached to t he organa- mineral gels i n so ils, there ware con ­

siderable quantities of or ganic s ubs tances tha were more f i rmly held. 

The N and the P of the str ongly attached humus were only s l i ght ly 

unsva lable to mic r oor ganisms . 

Hendricks (1941 ) has presented evidences that the organic mole­

cules may be held on clay sur faces by Van der Waals fo rces . 

Bradley ' s (1945) opini on was tha t the organic molecules may be 

wi thdre.wn by t he clay from rather dilute sol ut ions and , in becoming 

13 



adsorbed on the clay surfaces , may displace hydrogen- bonded water . He 

concluded that the interaction between hydrogen atoms of the organic 

matt..er wi th oxygen i ons of the s ilicate surface involves energy com­

parabl e i n magnitude with that of the 0-H ••• 0 bonds of a natural water 

system. 

14 
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EXPERll!ENTAL METHODS 

Description of the Soils 

The three different soils used in this experiment (Table 1) were 

Portneuf silt loam soil in which Zn deficiency was found in field beans 

when the tops from a previous sugarbeet crop were turned under, TalUI.ton 

sandy l oam soil which is known to have a Zn deficiency on most sensi-

tive crops , and Millville silt loam soil which has not shown any Zn 

deficiency problems . 

Table 1, !'hysical and chemical characterizat ion of the three soils used 
i n these studies 

Soil 

Portneuf Taunton Millville 
silt sandy silt 

Determination loam loam loam 

If! 7.8 8.2 7.9 

Or ganic matter (%) 1.8 0.5 2.2 

Cation exchange 
capacity (me/ 100 g) 23 .3 13 .8 13.6 

Ava ilabl e Zn 
Di thizone (ppm) 1.5 0.5 4.2 

EDTA (ppm) 1.3 0.5 4.3 

1/3 a tmosj:her e 
moi sture (%) 29.3 13.7 16.2 

Clay (<:0.002 ) % 26.0 8.0 19 .0 

Silt (%) 64.0 35.0 52.0 

Sand (%) 10.0 57.0 29.0 



Preliminary Study 

This experiment was conducted in order to observe the visual 

defi ciency symptoms on plants on Portneu:f' soil and compl.re them with 

Zn deficiency symptoms that appeared on plants growing on Taunton soil. 

Anot her p1rpose for the preliminary experiment was to develop an easy 

and efficient fractionation method for the soils. 

Ground dried sugarbeet tops were added to the three soils (Port.. 

neuf, Taunton, and Millville) at two rates, zero and 30 ton/acre 

(2 x 106 lbs soil) on a green weight basis. The soils were allowed to 

i ncubate for 6 weeks by adding deionized water to bring the soil to 

field capacity and maintaining the temperature at 30 1 1.0 C. Then 

beans were planted and allowed to grow for another 6 weeks, 

The plants in Taunton soil showed chlorosis in the lower older 

l eaves at 3 weeks , and the chlorosis was more severe in the older 

l eaves than the young leaves. The deficiency symptoms started by the 

appea rance of light green, yellow, or white areas between the veins of 

t he leaves followed by browning of these areas and necrosis. The 

growth of the plants was not vigorous , and especially the new leaves 

we re very small. These symptoms were observed in both the zero and 

30 t ons organic matter treatment s. In the case of Portneuf soil, 

however, the plant gr awth was fairly good, although the same symptoms 

of Zn def iciency that were seen on the plants grown in Taunton soil 

a ppeared in plants grown on the Portneuf soil at the age of II weeks . 

Thi s was only in the treatment where organic matter was added. 

Pl ants grown on Mi llville soil did not s how any chlorosis and the growth 

was vi.gor ous throughou t the experiment a l period. 
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Plants were harvested after 6 weeks of growth, and the soils were 

all 011ed to dry for a week. Diffe rent methods of extraction ·were tried 

and c ompared. The extraction o.f the available Zn by dithizone (Shaw 

17 

and Dean , 1952) was compared with 1 percent aqueous solution of dis odium 

thylene diam:l.ne- tetra-aceta te (EDTA) extraction (Allen, 1961). The Zn 

extracted by di thizone was compared wi th tha·t extracted ·wi th EDTA for 

the three soils before applying ar:ry treatment. The values are shown in 

Table 1 . Bot h methods gave almos t the same values ; therefore , in this 

study Zn extracted by 1 percent EDTA was used as the available fraction . 

Fi ve grams of soil were extracted successively with water to give 

the water soluble Zn fraction, then with neutral , normal ammonium 

acetate to give the exchangeable Zn (Baughman, 1956) , then with copper 

ace·tate (0.05 ,!! ) fo r the complexed Zn (Baughman, 1956; Himes and Barker, 

1957 ) . The organic matter was then destroyed by ·treating with hydrogen 

peroxide and the soil exLracted wi th water to give the Zn complexed by 

organ c matter fraction. Finally the soil was treated wi th EDTA again 

to give t he aV!l.il.able Zn remaining in the soil . 

It was f ound t hat Zn l evel in t he hydrogen peroxide solution was 

very low, even i n t he organic matter treated pots. Also , it was 

observed that Zn in fina l EDTA ex·trac·tion in some cases was r.ore than 

tha in ·tne EDTA extraction a t the beginni ng . These observations led 

to the conclusion that after he organic matter was destroyed with 

H202 , JBrt of the released Zn reacte d with the soil and not all the Zn 

comple· osd with the organic matter fraction cam cut in the eydrogen 

peroxide solution. So extractings wi.th water , ammonium a cetate, and 

capper acetate followed the destroying of the organic matter in order 

to obtain all he Zn released from the organic fraction even if it did 
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react with certain soil fractions. 

Al so it has been found that 20 ml extractions for 2 hours was 

adequate to extract all the Zn in a certain fraction. 

As a result of the prelil!linary experiment, the fractionation method 

given in Figure 1 was used. 

Primary Experil!lent 

An intensive long- term incubation research study using the three 

soils was set up in order to investigate the several objectives. 

Three organic matter treatments were applied to the soils; no 

organic matter , or ground alfalfa, or sugarbeet tops at the rate of 

30 tons per acre equivalent green weight. Zn was added to the soils 

a t rates of 0 or 20 lbs Zn per 2 x 106 l bs soil as ZnS04. At the 

same t ime , Zn65 was introduced to all the soils as a tracer at the 

rate of 79 JlC per kg . 

The soils were mixed thoroughly with the organic rna tter and Zn 

fertilizer and then wer e placed in quart plastic containers with 1 

k ilogram per pot. 

This exper iment was set up with four incubation periods (no 

incubat ion, 6 weeks , 6 months, and 1 year). Water was added t o bring 

the soil to f i eld capacity wher e it was maintained wi th deionized 

water and were s tirred occasionally. The temperature was maintained 

a t 30:tl° C. 

After each incubation period , small white bean seeds were planted, 

six seeds per pot . A week after plant ing, the plants in each pot were 

th inne d to three of the most uniform plants with regard to size, color, 

and shape. This experil!lent was carried on in the growth chamber 
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(D~Remer and Smith, 1964) at a photoperiod of 13 hours and a nycto­

period of ll hours . The phototemperature was 30° C and a nyctotempera­

ture of 23° c. The equivalent of 100 pounds of N as NH4No3 per acre 

fur r ow slice was added to the soil and mixed at the time the organic 

matt er residues were applied. The experiment, therefore, consisted of 

72 treatment combinations with two replicates, so the total number of 

pot s was 144. 

The plants were harvested after 6 weeks of growth. 

Plants and soils analysis 

~· The plants were harvested, dried at 6o 0 c, weighed, then 

separated into aerial parts and roots. The tops were pelleted, weighed, 

and the zn65 content determined by counting. The pellets were then 

di gested in a mixture of 17 ml of concentrated nitric aci d and 3 ml of 

72 per cent perchloric acid. The volume was completed to 50 ml and 

total Zn was determined on a Perkin-Elmer 303 atomic absorption 

s pec t rophotorooter. 

Soils . After harvesting the plants , the pots were left in the 

growth chamber for a week to allow the soils to become air dry. Two 

5- gr am samples of soil from each pot were obtained and analyzed for 

Zn according to the diagram in Fi gure 1. 

In each ext raction zn65 was counted with Baird atomic multiscaler 

mode l 132 attached to RIDAL model 33- 1 and single channel spectrometer 

model 139- 2 , connected t o sodi um i odide well detector, and total Zn was 

determined as ppm by using the Perkin- Elmer model 303 atomic absor pti on 

spectrophotometer . In the case of the residue , just the zn65 was 

determined. 

The t otal Zn and zn65 in the EDTA extraction of the soils before 
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pl anting were also determined i n the last two incubation periods . 



RESULTS AND DISCUSSION 

Soil Analyses 

EDTA extractable or available Zn 

The level of the EDTA extractable form of Zn was affected by the 

three organic m tte r treatments and by the three different soils 

(Figures 2, 3 , and 4) . The soils where sugarbeet tops and alfalfa 

were i ncubated always had less zn6S in the available form than the 

soils where no organic matter was added. The recovery of the zn6S 

extracted by this EDTA was least for the Taunton soil (Figure 2 ) ; 

intermediate for the Portneuf soil (Figure 3), a nd greatest for the 

Millville soil (Figure 4) . This may suggest that both the Taunton and 

Portneuf soils ha.d the ability to inactivate a greater part ~ the 

"available" Zn than did the 'Millville soil. 

It should be pointed out that after the 32 weeks ' incubation 

period, the amount of Zn recovered as available in the Portneuf and 

Taunton soils increased in the case of both the sugarbeet and 

alfa lfa treatments and that the level of Zn approached that of the no 

organic matter treatment at the 58-week period. The amount in the 

Millville soil did not change with time after the 32-week sampling. 

This also may support the suggestion that both the Taunton and Port­

neuf have the ab~lity to inactivate the available Zn but with time 

this ability decreases . 

Soil fracti onations 

22 

The mos t i mportant obj ective of this study was to detennine the 

ra t e , mode , a nd nagnitude of the inactivation of Zn in the soil brought 
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abo~t by, or at least during, the decomposition of organic material. 

So the effect of each of the three organic treatments on the different 

fractions of each soil was plotted; also each fraction was plotted in 

detail in order to give a clear picture of the effect of organic 

matter on the behavior of the soils. 
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Taunton soU. The amount of zn65 recovered in the different frac­

tions of the Taunton soil (Figure 5) where no organic matter was added, 

was in the following order: residue > complexed > EDTA > organic> 

exchangeable > water soluble. The addition of organic matter only 

changed the relative position of two of the fractions, EDTA extractable 

and Zn in the organic fraction, When sugarbeet tops (Figure 6) or 

alfalfa (Figure 7) were added, the zn65 recovered in the different 

fractions was: residue > complexed > organic > EDTA > exchangeable> 

water soluble. Where figures 6 and 7 are compared, it is clear that 

the addition of either sugarbeet tops or alfalfa affected the rela t i ve 

order of Zn65 recovered in the soil fractions in the same manner. The 

zn65 level i n the treatment with no organic matter was always higher 

than the treatments wi th sugarbeet tops or alfalfa in all fractions 

except that in the res i due and organic fractions. 

The percentage of the zn65 in the water soluble (Figure 8) and 

exchangeable (Figure 9) fractions was small when c ompared to the other 

soil fractions. The amount in these two fractions increased gradually 

with increasing time of incubation irrespective of whether or not 

organic matter was added, Between the two incubation periods of 32 and 

58 weeks, the zn65 increased rapidly in the water soluble and exchange­

able fractions . The presence of organic matter in the soil decreased 

the recovered Zn65 in both fractions, 
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The addition of sugarbeet tops or alfalfa decreased the amount of 

zn65 recovered in the copper acetate extraction (complexed Zn). In the 

earlier incubations the presence of sugarbeet tops decreased the Zn65 

in this fraction more than did the addition of alfalfa (Figure 10). 

The Zn65 recovered in the organic matter fraction was initially at 

a high level, but then decreased with time (Figure 11). 'lhen no organic 

matter was added, the percentage was 8.7 at 6 weeks and 5.0 at 58 weeks. 

Wi th additions of sugarbeet tops and alfalfa, the percentage was 15.0 

and 13. 2 at the first incubation o The percentage decreased to 6.5 and 

6.1, respectively, at the 58-week period. 

The Zn65 recovered in the EDTA extraction (remaining available Zn) 

was a l so affected by the addition of organic matter and the length of 

incubation period (Fi gure 12). The percentage of zn65 in this fract.ion 

was much higher without organic matter than when organic matter was 

added. The amount of zn65 recovered in this fraction from the treat­

ments involving the two organic matter additions , sugarbeet tops and 

alfalfa , continued to decrease till the 32-week incubation period, but 

then increased rapidly at the 58-week period o 

Figure 13 shows the effect of organic matter treatnents on the 

percent of the total recovered zn65 that was found in 1he residue 

fraction of the Taunt on sandy loam at the end of each of the four incu­

bation periods . Like the organic fraction, the addition of organic 

matter always caused more zn65 to show up in this fraction. The 32-

week i ncubation period marked the end of the increasing amount of zn65 

r ecovered in the residue fraction o After this time the amount decreased 

so that a t the end of the 58-week i ncubation period, the amount in this 

f raction was actuall y lower for both the no organic matter treatment 
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Figure 10 . The ef.fegt of organic matter treatments on the percent 
o.f the wtal rec overed Zn 5 that was .found in the copper acetate extrac­
tion (complexed) of the Taunton sandy loam at the end of each of the 
four incubation periods 
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Figure ll. The effegt. of organic matter treatments on the percent 
of the total recovered Zn 5 that was found in the organic fracti on of 
the Taunton sandy loam at the end of each of the four incubation ~riods 
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Figure 12. The effect of organic matter treatments on the percent 
of the total recovered zn65 that was found in the EDTA extraction 
(remaini ng available) of the Taunton sandy loam at the end of each of 
t he fourincubation periods 

35 



• • No organic matter 

• • • Alfalfa 

47 •• .__ ...... ,. + Sugar beet 

4 

"" ., 
" ~ 
0 
1) ., 
H 

.... 
"' ... 
0 ... 

.... 
0 

~ ., 
1) 
H 

~ 
01") 43 
'"' c:: 
N 

42 

41 +---~----------------~------------------~ 6 12 32 58 
Weeks of incubation 

Fi gure 13. The effegt of organic matter treatments on the percent 
of the t otal recovered Zn 5 that was found in the residue fraction of 
the Taun on sandy loam at the end of each of the four incubation 
periods 
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and t he alfalfa treatment that had been found originally. 

Portneuf soil. The effect of each organic natter treatment on the 

distribution of zn65 in the various fractions of this soil at the end 

of the incubation periods i s presented in Figure l4 for the :z.ero orpnic 

matter, Figure 15 for the case where sugarbeet tops were added, and 

Fi gure 16 for the case where alfalfa was added. 

The amount of Zn65 recovered i n the different soil fractions where 

no organic matter (Figure 14) was a dded was in the following order; 

residue > EDTA > complexed > organic > exchangeable> water soluble. 

The r elative position of the organic, complexed, and EDTA zn65 fractions 

in the case of the sugarbeet tops and alfalfa treatments varied with 

the length of incubation period. In general , however, when o.rganic 

matter was added, the following order persisted (Figures lS and 16 h 

residue > organic • complexed - EDTA > exchangeable> water soluble. 

As in the treatments where Taunton sandy silt soil was used, the 

Zn65 l evel i n the no organic matter treatment was always higher than 

where sugarbeet tops or a lfalfa were added in all fract i ons except 

the organic and residue f r actions. 

The percentage of the Zn65 tha t was recovered in the water soluble 

(Figure 17) and exchangeable (Fi gure 18) fractions was very small com­

pared to t he other soil f ractions } however , the amount increased gr a ­

dually with t ime irrespective of whether or not organic matter was 

added. This was true except at the end of the 12-week incubation 

period where zn65 in these fractions decreased in the treatments where 

or ganic matter was added. 

The data in Fi gure 19 indicate that the addition of organic matt er 

decreased the zn65 that was complexed up to the end of the 32=week 
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Figure 11. :g!i: effect of zero organic matter additions on the 
distribution of Zn ~ i n various f ractions of Portneuf silt loam at the 
end of each of the four incubation periods 
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Figure 15. The effect of added sugarbeet tops on the distribution 
of Zn65 in various fractions of Portneuf silt loam at the end of each 
of the four incubation periods 
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Figure 16 . The effect of added alfalfa on the distrirution of zn65 
in various f ractions of Portneuf s i lt loam at t he end of each of the 
four incubati on periods 
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Figure 17. The effect of organic matter treatments on the percent 
of the total recovered zn65 that was found in the water soluble fract i on · 
of the Portneuf silt loam at the end of each of the four incubation 
periods 
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Figure 18. The effegt of organic rna tter treatments on the percent 
of the total recovered Zn 5 that was found in the ammonium acetate 
extraction (exchangeable ) of the Portneuf silt loam at the end of each 
of the four incubation periods 
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Fi gure 19. The effegt of organic matter treatments on the percent 
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tion (compl exed) of the Portneuf silt loam at the end of each of the 
f our incubation periods 



peri.od. 1be zn65 in t his f raction then i ncreased at the end of the 

58dWeek period . The dec rease in zn65 recovered in this fraction when 

alfalfa was added was l ess pronounced than when sugarbeet tope were 

used . 

The i ncubation fo r 1 2 weeks irx:reased the zn65 obtained in the 

organic fractions of the Portneuf silt loam for the three organic 

na r t reatments (Figure 20). Afte r this , the amounts of Zn65 in 

this fraction declined rapidly. It is important to point out again 

tha·t the l evel of zn65 in the organic and residue fractions was higher 
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in the organic matter treabnents than when no organic mtter was added, 

The zn65 recovered in EDTA extraction (remaining available Zn) was 

decreased by the addition of organic matter and by longer incubation 

periods (Figure 21) . At t he end of t he 58-week peri od, the l evel of 

zn65 in this fraction i ncreased to a level approximately equal t o that 

obtained at. the e nd of the 6"'1feek period. 

The data i n r'igure 22 indicate that the additi on of organic matter 

inc reased the amoun of zn65 recovered in the residue f raction. The 

l ength of incubation t ime also caused an irx: reased percent of zn65 in 

this fraction up to the 32~eek incubation period , then there was a 

dec rease note d at the end of t he 58-'!feek incubation. 

~~· The effect of organic matter treatments on the 

distribut ion of Zn65 in the various fractions of this soil at the end 

of each of the four incuba-tion periods is shown i n Figure 23 for the 

zero organic matter, Fi gure 24 for the ca se where the sugarbeet tops 

w :re added, a nd Fi gure 25 for the case where a lfalfa was added. It is 

no·t1ced t ha • in general. this amount of Zn65 recovered in the different 

soil fractions where no organic matter was a dded follow the following 



45 

za •• ._- --1.1 No otganic Mtter 

• • +al falfa 

.. • + sugar beet tops 

6 3Z 58 
Weeks of incubation 

Figure 20. The effeQt of organic matter treatll£lnts on the percent 
of the total recovered znb5 that was f ound in the organ ic fraction of 
t;'le rlneuf silt loam at the end of each of the four .ilcubat ion periods 
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Figure 22. The effegt of organic matter treatments on the percent 
of the total recovered Zn 5 that was found in the residue fraction of 
Portneuf sil loam at the end of each of the four incubation periods 
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Ol'\V'l=' ' residue ? EDTA > complexed > organic > exchangeable • water 

solubl e , The additi on of sugarbeet tops and alfalfa affected the 

amounts of Zn65 recovered in the organic , complexed, and EDTA (remain­

ing available Zn) fractions. The organic matter additions produced 

the following order of Zn65 in t he different fractions s residue> 

organic • complexed ~ EDTA > exchangeable • water sol uble. 

The data f or the percent of the total zn65 recovered in the indi­

vidual soil fractions fo r the Millville soil foll011ing each of the 

four i ncubation periods are pres ented graphically in Figures 26 to 31. 

The data i n Figure 26 show tha the additions of organic matter to 
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this soil brought about reductions in Zn in the water soluble fraction. 

The overall l evel of Zn in this particular fraction is higher than that 

found in the Taunton soil (Figure 8) or the Portneuf soil (Figure 18) , 

but t he reduction in Zh is still evident. There are similarities and 

differences in the three soils in the effects of organic matter addi ­

i ona on the distribution of Zn in the various soil fractions . These 

will. brought out in detail in the nex section. 

The difference between soils 

Alth ough these data have all been presented previously in graphical 

form under t he sections for the various soils, it was felt t ha t i t would 

be p ofitable to c ompare directly the Zn s tatus in the variou s frac-

ionB of each soi l found a t the end of the four incubati on periods. 

There .'l.re striking similar iti es in the Zn status in these soils a s 

influ•mced by organic matter additions. There are differences , too. 

and hese similarities and differences take on !B tterns that might be 

:rela .ed to specH:ic proper ties of the s oils , Since there was litt le 



.... 
"' ~ 
+' 

4,5 

4,0 

~ 3 .0 

1:l ., 
0 
r,. 

~ 

"' we:: Z.S 
N 

z.o 

52 

• • No organic matter 

••1---1•• .,. Alfalfa 

y • .. Sugar beet tops 

1.5+-----~----------------r---------------------~ 
6 lZ 32 58 

Weeks of incubation 

Figure 26, The effect of organic matter treatments on the percent 
of the total recovered zn65 that was found in the water- soluble fraction 
of the Millville silt loam at the end of each of the incubation periods 
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Figure 28. The effegt ,of organic DB tter treatments on the percent 
of he otal reco·~rered Zn 5 that was found in the copper acetate extrac­
tion (complexed} of the Millville silt loam at the end of each of the 
four 1.ncuba ·ion periods 
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Figure 31. The effect of organic matter treatments on the percent 
of the total recovered zn65 tllat was found in the residue fraction of 
Mtllville silt loam a t the end of each of the four incubation periods 



d;': re. ~nee noted be ;ween alfalfa or sugarbeet tops on their effect on 

t•. • Zn distr ibution i n these soils, for clarity the data for the 

alfalfa treated soils will be omit ted, 
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The first EDTA extraction was to give an overall measure of the 

available Zn. It can be s een that the Millville soil was bet,ter 

suppl ied wi th available Zn at all times and under all treatments than 

was the Portneuf soil which in turn was better supplied than was the 

Taun on soil (Figure 32) . There was , however, a reduction in the 

avai lable Zn for all soils when organic matter was added. The amount 

of available Zn in the Millville soil to which the organic matter had 

been applied was s · ill greater than in the unammended Portneuf soil, 

This pattern was also found between the Portneuf and the Taunton soils. 

The availabl e Zn level in the Portneuf soil, even though it was reduced 

by the addition of sugar beet tops, was still greater than the available 

Zn in the Taunton soi l to which no organic matter was added. The 

grea est reduction of available Zn, brought about by the addition 

of sugarbee t toll$ lfas in the Portneuf soil. rt is possible tbat the 

effec ' of added organic matter on the EDTA extractable Zn illustrates 

enough of the similari ies and differences that exist between the three 

soils . However, 'the data obtai ned when 'the soils were fracticre ted and 

t he Zn determined the various areas might be useful in explaining the 

diffe~rence s noted in both the available Zn l evel in the soils and the 

gr OII'th of plants on these so ils. For that reason, the water-soluble 

Zn , he exchangeable Zn, the copper acetate extractable Zn, the s econd 

EDTA extractable Zn, the Zn released when the organic mat ter was des­

troyed, and the Zn remaining i.n the residue will be presented so the 

diffe~ences between the soils can be observed. 
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Figure 32. The effect of organic matter treatments on t he Zn 
cont ent (ppm) hat was found in the EDTA extractable or ava ilable 
frac tion of the three soils, Taunton sandy loam, Portneuf silt loam, 
and Mi llville silt loam, at t he end of each of the f our incubation 
periods 
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Tffire was less Zn found in the water-soluble fraction than any 

other. As far as the three soils were concerned , it can be seen that 

the Zn recovered from the Millville soU was greater than that recovered 

from the Portneuf soil, and this, in turn, was greater than that re­

cover ed from the Taunton soil (Figure 33). In this respect, this 

fraction follows the pattern observed with the available Zn (Figure 

32) , In the case of the water- soluble Zn, however, there was a greater 

effect of added organic matter on reducing the Zn level in the Mill­

ville t han had been observed with the EDTA-extr actable Zn. The water 

soluble Zn in the unammended Millville soil remained quite constant 

with time while that in the ammended Millville soil and in both the 

treated and untreated Portneuf and Taunton soils increased with time. 

There was , therefore, a striking narrowing with time of the water­

solubl e Zn levels between the treated and non- treated Millville soil, 

This narrowing of the wa tar- soluble Zn found in the soil where no 

organic matter was added and that found in the soil upon addi tion of 

organic matter was also noted with the other two _ soils. The other 

po~nt t hat should be noted is that the water-solubl e Zn in the treated 

Portneuf soil dropped materially between the first and second incuba­

tion per ods, 

The ranking of the soils as far a s Zn recovered in the case of 

the water-soluble Zn was also observed with the exchangeable Zn 

(Fi gure 34). That is: !Aillvile > Portneuf >Tanton. It should be 

note d t hat in tlle unannnended soils there was only slightly more ex­

changeable Zn than water- soluble Zn for the Millville soil , while for 

the Portneuf so~ there was a difference of 1.5 times and for Taunton 

soil a difference of nearly two times, In all cases , both treated and 
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Figure 33 . The ef'fegt, of organic matter treatments on the percent 
of' the total recovered Zn 5 tha was found in the water solubl e fraction 
o the three soils , Taunton sandy l oam, Portneu.f silt loam, and Mill­
ville silt loam at the end of each of the four incubation periods 
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F gure 34. The effect of organic matter treatments on the percent 
of the total recovered Zn65 that was found in the exchangeable fraction 
of the !nee soils, Ta un on sandy loam, Portneuf sil t loam, and Mill ­
v.ille silt loam, at the end of each of the four incubation peri ods 
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un ,rea ted, there were i ncreases of exchangeable Zn with time except for 

t t" ammended Fortneuf soil between the first and second incubation 

periods. There -was also a reduction of exchangeable Zn with the addi­

tion of organic matter in all soils. There was a narrowing of the 

level of exchangeable Zn between ·treated and non- treated soils with 

time. Thus, because of the increase of exchangeable Zn in all cases 

with ·t;j.me and because there was a narrowing of this Zn level between 

the treated and untreated soils with time, the level of exchangeable Zn 

in the treated soils at the last incubation period was always higher 

than that found for the unammended soil at the first incubation.. 

The pLttern of Zn removed from the three soils with copper a cetate 

at the end of each of the four incuba ion peri~ds is given in Figure 35. 

The ranking of the three soils for this particular Zn extraction is 1 

Taunton >- Millville > Portneuf. It is not known how available this Zn 

might be for plants , bu t i is suspected it is not readily availabl e. 

There was also a reduction in the Zn level in this fraction by the 

add i on of organic rna ter. Al hough the pLrticular curves of Figure 

35 mi.ght appear to be closer toge· her than t hose noted wi th wate r ­

sol ubl e Zn (Figure 33) and exchangeable Zn (Figure 3h), they are 

actually much fur -her apart. I is i nteresting to note that for the Zn 

deficient Taunton soil from 23 to 30 percent of the Zn recovered was in 

'this f rac J.on . For Millvill e soil the range was from 17 ·to 2h percent, 

and f or Portneuf soil from lh to 19 percent. The F'Ortneuf soil was the 

only soil tba showed a reduction of Zn in this fraction wit h time, and 

this 11as a t he second and third incubation periods. 

The addition of organic matter to the three soils caused Zn to be 

added to t he organic fracti on (Figure 36), The surprising observation 
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Fi gure 35 . The effect of organic matter treatments on the percent 
of t he total r ecovered zn65 tha t was found in the complexed fraction of 
the three soi ls , Taunton sandy l oam, Portneuf silt loam, and Millville 
si t l oam, at the end of each of the four incubation periods 



65 

+ 
No Sugar 

organic bee 
matter tops • _ -1·--- --•• Millville silt loam 

~ __ ••~to---ll•• Portneuf silt loam 

30 · - -l·a-- --l•• Taunton sandy loam 

'0 25 ., ... ., 
~ 
u ., ... 
.... 

<11 ..., 
0 ... 

..... 
0 

1:: ., 
u ... ., 
A 

<() 

'"' ,!1 --- --- ........-- - --::..:::..-=--:::... -. _ 
~ ---..:::::-

- -· - --- --
5+---~--------------~--------------~~ 12 32 58 

Weeks of incubation 
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<>ilt loam, at the end of each of the four incubation peri ods 



is tha t there 11as so much Zn in the organic fraction of the treated 

Mi.llv:L e soU. In all cases , except for the Portneuf soil, there was 

a decrease of Zn in t his fraction wi th time. With the Portneuf soil, 

especially the treate d soil, the Zn in this fraction inc reas ed at the 

second incubation peri od, 
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Following the destruction of the organic natter and recovery of 

the Zn released, the soils were extracted with EDTA. The addition of 

organic matter caused a reduction i n the amount of the Zn that showed 

up in this frac ion (Figure 37) . Even after the exhaustive ext ractions 

that preceded this one, as much as 35 percent of the recovered Zn was 

in t his fraction. There was a gr eater range of Zn recovered in this 

EDTA ex raetion between the so ils than had been noted for any previous 

extraction . The taunton soil had very little Zn in this fraction and 

Millville and Fortneuf soils showed almost the same amounts. The 

addit i on of organic matter to these soils caused a greater redaction 

of the EDTA extractable Zn for the Mi llville and Fortneuf soils than 

was t he case for the Taunton soil . For the trea ted s oils there was a 

great increase in the Zn in this fraction between the third and fourth 

i ncubation periods while f or the non-treated soils the Zn in this 

fraction remained fa rly constan after the second incubation period. 

There was a · remendous variation in the Zn found in the res i due 

f or he three soils (Figure 38), The ranking of the una.mmended soils 

for t.he Zn in the residue was Taunton i"' Portneuf > Millville for all 

rumba ion pe riods. For the ammended soils the amount of Zn in the 

r s idue of the Portneuf soil far exceeded that of the Taunton soil only 

a. .. · he third incuba.tion. In general there was an increase in Zn in 

t.hi s fmction for all soils up to the third incubat ion. There followed, 
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th~n, a decrease at the time of the last incubation. It is not evident 

w~ t.h" re was the inc rease of Zn in the residue of the non- treated 

soils. 

_znso4 ·treatment 

As indicated before , the soils in one-half of the pots had received 

only zn65 and Ulose i n the other half had received ZnS04 labelled with 

zn65 . There was no significan dif.ference between the percentage of 

zn65 in soil fractions in the two Zn treatments. In general, similar 

fractions in both trea tments gave the same trend and behavior. There 

was some i ndica tion that the water solubl e , exchangeable, and complexed 

fractions showed a little increase in zn65 percent when ZnS04 was in­

cluded. On the other hand, the orgsnic f raction, the Zn remaining as 

available • and tha in the residue fraction ha d less zn65 when ZnS04 was 

added. 

The total Zn (ppm) in t he soil fract ions was al:nys higher i n the 

trea'men where ZnS04 .fe Hizer was applied. 

The plants reacted differently when ZnS04 'lfas added than whm it 

11as omi·tted. Th!!t:tt'l w re much h i gher counts in plants grown in the 

trace r alone (no a dded ZnS04 ). This may be due to the dilution effec 

of the added ZnS04 as another source of Zn besides the zn65 and the 

jndigenous Zn ound in the soil. This observation was clearly noticed 

in the case of the t.wo soils which did not have high Zn content origin-

ally, nam"lY the Taunton and Portneuf soils . In the case of the Mill­

ville soil the differencA between ·he two Zn trea t ments on zn65 uptake 

wP.s small and he uptake of zn65 by the plants was much lower than i.n 

the cas~ of the other .. o ~oils . 



Plant Anal;rsis 

The complex relationsh ip between the composition of the plant and 

that of the soil has never been f ully understood, although investiga­

tions of those relationships have been conducted for many years. 

Dou l ess the factors influencing t he intake of any given nutri ent by 
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a plant are so numerous as to make it difficult enough to use plant 

compoBition of this nutrient as a guide to its level in soil, a lthough 

Woodbridge (196:1.) noted that evidence indicates that each plant species 

bas a limiting minimum concentration of each element. Little is known 

about the optimum levels or the values of Zn associated with deficiency 

symptoms in the tissues of different crops . Teakle and Turton (1943) 

reported that the Zn supply was inadequate when the leaves of subter­

ranean clover at flowering contain as low as 10 to 15 ppm. For oats at 

6 to 8 weeks of age, 20 ppm Zn in the whole top was said to be normal. 

Viets et al . (1954) found that Zn content in t he total top of deficient 

bean plants varies from 10 to abou 22 ppm. They also found that be 

Zn conten for tops of symptomless plants and deficient plants overlap 

in the range o.f 15 to 22 ppn. 

One of the purposes of this investigation was to study the relation­

ship be·t;ween the amount of Zn in soil and ·t;be amount taken up by plants 

and to observe the effect of this soil Zn on the growth and yield of 

plants . Viets et al., (1954), on the basis of their experiment, listed 

beans at the top of the most sensitive crops toward Zn. It has already 

been no1.ed that this c rop exhibited Zn deficiency s ymptoms in the field 

,.f r urning under sugarbeet tops in Portneuf soil (DeRemer and Smith, 

1964), Small whi.te bean.;, Fhaseo1us yuJ.garis, were, therefore, chosen 
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to oe used i n th is experiment . 

Visual obs ervations 

Plants grown i n Taunton soil in all the treatroonts wi hout the 

add1. ion of ZnS04 showe d Zn deficiency symptoms. The Zn defic iency 

symptoms started on the l ower older leaves early and were more severe 

than on the younger l eaves, The deficiency symptoms were observed 

first a s the appearance s of l ight green, yellow , or white areas between 

t he veins of the leaves . Th i s was followed by browning of these areas 

and event ually necrosis . 'lbe new young l eaves wer e smaller in size 

"!.han those that f irst appeared, Even though al l the symptoms appeared 

a the ea rlie r incubation periods, no change of plant color appeared 

when t he soils were i ncubated for 1 year . 

Concerning the Portneuf s oil , Zn deficiency symptoms appeared 

only in the soil treate d wi th organic matter ; when no organic ma t ter 

was a dde d, none o the e symptoms s howe d up on the plants. Thi s be­

havior occurred in he firs~ t hree incuba ion periods (no incuba i on, 

6 weeks, and 6 montna), bu at t he end of the incuba ion period of 1 

ye.ar, the growth of all plan s was nomal and n o symptoms appea red. 

Plants gr own in Millville soil di.d not exhibit any Zn def i ciency 

symptoms for any of "!.he organ~c matter treatment s or incubation periods 

and !.he growth was quite normal , 

The yield 

The dry ma tter yield for the beans grown on the thr ee soils fol-

1 ing he various incubation periods (no incubation, 6 weeks, 6 mon·ths , 

a.n .:.noa full year ) are hown in Figures 39 , 40, and 41. Thi!S experiment 

revealed ~ , i.n general . the persistent Zn de.ficiency s ymptoms of the 
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Figure 40. The effect of organic natter treatments on the dry 
matter weight (g) of small white beans grown for 6 weeks in Portneuf 
silt loam at the end of each of the four incubat i on periods 
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Figure 41. The effect of organic matter treatments on the dry 
matter •eight (g) of small white beans grown for 6 weeks in Millville 
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pl.~nt.s were correlated with lowered yield. This observation was also 

o 'l:,ained by Judy et al. (1964). 
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The yield of bean plants grown on the Taunton soil (Figure 39) 

shOII'ed ·the effect of the added ZnS04 in the four incubation periods, 

The yields were lowest on this soil when compared with that obtained 

with the ;wo other soils . This may be a resul. t of some other fertil.i ty 

factors besides the low level of indigenous Zn. 

In Portneuf soil (Figure 40) the effect of ZnS04 on increasing 

p nt growth was large, This was particularly so in the case of no 

incubation, 6 we eks, and 6 months incubation, At the end of 1 year 

of incuba tJ.on, this effect of ZnS04 on plant growth was not evident, 

and the plants grown on soil without added ZnS04 gave a yiel d comparable 

to the soil ZnS04 applied, In Por·tneuf and Taunton soils, there ap­

peared to be some depressing effec t on plant growth due to the added 

organic material when ZnS04 was not supplied. 

The growth of plants in the Millville s oil showed the least 

variatJ.on in yield at all the incubation periods . It also did not 

show the effect of organic matter or added ZnS04 on plant growth 

(Figure 41). 

Zinc cont ent i n plants 

In the case where plants were grown in the Taunton soils without 

add d ZnS04 (Figure 42) , the Zn content varies from 5.7 to 15.0 ppm. 

The organic matter treatments, in general, lowered the Zn leVIll in the 

plan The amount. of Zn in the plants, however, inoreased with each 

succeeding incuba ion period. When ZnS04 was added to this soil, the 

Zn content ranged from 19.2 to 23.2 ppm. 
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The striking effect of added organic material in the absence of 

ad:litiona.l Zn on t he level of Zn in plants is shown with the Portneuf 

soil (F gure 43). The Zn conten of the plants ranged from 15.6 to 

20.9 ppm when no organic matter was added to the soil; in the case 

where sugarbeet tops were added, the range was 6.5 to 18.9 ppm, and 

when alfalfa was added , it was 8.1 to 19 .2 ppm . It should be noticed 

·that in the case of organic matter additions, when we compare the 

plants grown at the end of the one year's incubation with those grown 

earl er, the amount of Zn in the plants was doubled. This may be an 

indication of the releasing of more available Zn to plants by the de ­

compoeing organic matter as the incubation period increases. 

The Zn content in the plants grown in the Millville soil was much 

higher, in gener al , than in the plants grown in the other two soils 

(Figure 44). In this soil the Zn in the plants continuously increased 

with time . Adding ZnS04 increased the Zn in plants. No effect of the 

organic matter was observed. The Zn in plants ranged from 26 .4 to 

31.9 ppm without added ZnS04 ; and when ZnSo4 was added, it was 34.8 o 

40.8 ppm. 

IT we were to set Zn levels t..o distinguish between deficient and 

normal bean tops, the result of this experiment would suggest the 

f ollowing! 

For Taunton sandy loam 

less than 9 .S ppm total Zn would produce Zn deficiency 

symptoms • 

• • • more than 9 .5 ppm to less than 19 ppm total Zn , no change in 

C<·l or 9.ppeared on plants but grow·th was stunted (marginal) • 

• • • more than 19 ppm total Zn would produce no Zn deficiency 
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Figure 43. The effect of organic matter treat ment s i n the Zn 
content ( ppm} in s mall white beans grown i n POrtneuf silt loam at the 
end of each of the four incubation periods 
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(normal ). 

For Portneuf silt loam 

••• l ess than 10 ppm total Zn would produce Zn deficiency symptoms. 

, • ,10 ppm to 1.4 ppm total Zn (marginal). 

, •• more than 1.4 ppm tota l Zn would produce no Zn deficiency 

(normal). 

The plants gr awn on the two soils , Portneuf s ilt loam and Taunton 

sandy loam, showed deficiency symptoms at different upper limits of Zn 

conten • Plants grown on Portneuf soil containing less than 1.4 ppm of 

total Zn showed Zn deficiency symptoms; on the other hand, plants 

grown on Taunton soil showed deficiency 'llhen they contained less than 

19 ppm of total Zn. Th erefore, a common upper level of Zn deficiency 

in a l l soils may not be applicable. 

The relation between Zn level in soils 
and plants 

The data of this experiment suggestsd t hat the amount of Zn in the 

EDTA extraction (available) for the t hree soils was the most represen­

tative value of the Zn content in the plants (Figures 4.5, 46, 47 vs . 

42, 43, 44). 

In Taunton sandy loam when ZnS04 was added, the amount of Zn in 

EDTA extraction varie d from 2, 5 to 3 , .5 ppm; however, when ZnS04 was 

not adde d, the amoun·t varied f rom 1.2 to 1.9 ppm (F i gure 45). The 

same trend was obtained in the other two soi ls 1 Portneu! silt loam 

(Figure 46) , and Millville silt loam (Fi gure 47), with some variation 

in the amoun of Zn obtained. The amounts of Zn in EDTA extraction 

v.:·,en ZnS04 was added to Por neuf and Millville soils 1 were 3 .1 to 6 , 3 

ppm and 5.0 to 1.0 ppm, respectively, and when no ZnS04 was applied, 
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Figure 45. The effect of organic matter treatments on the amount 
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tl1<' amounts were 1.5 to 3.2 ppm for the Pl:lrtneuf and 4.1 to 5.3 ppm for 

MillviUe . 

To reach a c onclusion concerning the relationship between the 

plants c ontent and soil supply with Zn is a hard task , but the available 

informa-tion obtained in this experiment may be helpful in setting this 

relation. It should be kept in mind, however, that these conclusions 

are vslid only under the environment and conditions of this experiment. 

Plants vary greatly in their Zn requirements and their ability to 

obtain Zn from the different soils; therefore, what constitutes a 

normal Zn content of one plant may not be sufficient for some other 

plant. However, from the data pr esented in Tables 2 and 3 and from t he 

observed deficiency symptoms , t he following tentative list of Zn levels 

in soils and plants can be made 1 

Plant l evels 1 

Total Zn ppm 

10 or less 

10 to 19 • 

19 and more 

deficient 

marginal 

normal 

I n t he marginal range the def ciency symptoms may show dependency upon 

some o ther factors ; for example , in the Taunton soil, when plant s con­

tained 14 ppm, the gr owth was not completely normal, but the plants 

grew normally in Pl:lrtneuf soil when they had the same amount of Zn. 

Soil l evels: 

Zn EDTA-extractable (ppm) 

1 . 9 or l ess • 

1 .9 t o 2.5 

deficient, soil not able to supply 

enough Zn for a normal plant growth 

mar gi nal , soil my or my not be able 



Tabl e 2. . Zn (ppm) content in smal l beans grovn in Taunton, Portneuf , and Mi llville soils after the 
f our incubation periods, o, 6, 2.6 , 52. weeks (average of two repl i cati ons) 

Taunton Portneuf Millville 

0 6 26 52. 0 6 2.6 52 0 6 26 52. 
Treatments weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks 

No or~ani c • 
(Zn65 8. 1 8, 4 9. 5 14, 2. 15,6 14,2. 16. 1 2.0 . 9 2.7 . 2. 29,2 2.9.5 31.6 

No organic .. 
(Zn65 • ZnS04) 19 .3 19. 4 2.0 . 4 23. 2. 2.3 .7 21.3 23.2 25 .6 34. 8 37.8 38.3 40.5 

Suga~beet + 
(zn6 ) 5.9 5. 7 8. 1 13.1 7,9 6,5 9.0 19.0 27 , 6 2.8,8 2.9.2 31 .9 

Sugarbeet • 
(zn65 + ZnS04 ) 19,2. 19. 7 19.9 22 ,7 22 .9 2.0. 2. 22.3 24 , 8 36 . 9 37 . 7 38.4 40,8 

Al falfa + 
(zn65) 6,6 6,0 8,4 15 . 0 9.2 8.1 10, 1 19.2. 26.4 28.8 28.5 31,4 

~1faSfa + 
(zn6 .. ZnS04 ) 19,7 19.4 20, 2 22 . 9 2.3 , 1 20. 7 22 . 8 25.3 36,0 38,3 39,4 40.8 

~ 



Tabl e 3 . Total Zn (ppm) i n EDTA extraction (avai l able) aft er the four Incubation periods, 6, 12, 32, 
and 58 ~eeks (average of t~o replications) 

Taunt on Portneuf Millville 

6 12 32 58 6 12 32 58 6 12 32 58 
Treatments ~eeks ~eeks ~eeks weeks ~eeks ~eeks ~eeks ~eeks ~eeks weeks ~eeks ~eeks -

No organic • 
(zn65) 1. 4 1. 5 1. 8 1.9 2.8 2.5 2. 9 3,2 4,9 4.9 4.9 5,3 

No organic • 
(zn65 .. ZnSo4 ) 2,6 2. 7 2. 8 3. 5 6,2 5.0 6.0 6.4 6,6 6,9 7.0 7 .o 

Sugarbeet • 
(Zn65) 1. 2 1. 3 1,4 1, 7 1.8 1.5 1,9 2 . 5 4. 1 4.2 4,6 4.8 

Sugar beet • 
(Zn65 .. ZnS04) 2.5 2.6 2, 7 3. 1 5,0 3. 1 4 ,8 5.6 5.0 5.1 5,1 6,4 

Alfalfa • 
(zn65) 1,4 1.5 1. 7 1.9 1.9 1.8 1,9 2.6 4.2 4.4 4,7 4.9 

Alfalfa • 
(zn65 • ZnS04) 2,6 2 .6 2.7 3.3 5.4 3,6 5.6 5.9 5,9 6.2 6,6 6.8 

8l 



to supply enough Zn for normal plant growth 

2.5 or more • normal, soil is able to supply enough 

Zn for normal pl ant growth. 

As emphasized before, these levels were set for the conditions of this 

experiment. More work is required to arrive at a universal test of Zn 

levels in different soils for different plants . 
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GENERAL DISCUSSION 

Available Zn 

The term available, as applied to nutrients , refers to t heir 

existence in the soil in a chemical conditi on in which they either may 

be absorbed directly by plants or may be readily converted into such a 

condition. Regardless of the many limitations that are obvirus, test­

i ng for available l1lltri ents in soil is a useful tool , especially when 

acc ompanied by plant tissue tests and observations of nutri ent 

deficiency symptomB , 
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Many efforts have been made to determine the availabl e supplies of 

nutrients in soils . For Zn several different methods have been used. 

Hibbard (194Gb ), working with California soils • used the equilibrium 

method with KCl solution acidified to pH 3.2. Lyman and Dean (1942 ) 

found a relationship between the amount of Zn e.xtracted from acid soils 

with normal a mmonium acetate acidified to pH 4.6. From acid soils of 

Alabama , Wear and Soumer (1947) found a correlation between the occur­

rence of Zn deficiency symptoms and the amount of Zn extracted with 

0,04 ~acetic aci d and a 0.01 ~ HCl. 

Shaw and Dean (1952) c oncluded that these met hods were unsatis­

facto ry for neutral or calcareous soils. Since none of these methods 

had been calibrated against a wide variety of soils, they performed an 

experiment with approximately 50 different soils which differed i n pH , 

organic matter, c lay, and total Zn content. Zn was extracted directly 

from these samples wi th a two- phase system of aqueous ammonium a cetate 



and CCl4 containing di thi zone . The amounts of Zn extracted were corre­

la d wit h various c rops grown on the soils. Their methods proved to 

be a useful procedure for predicting the capacity of many soils to 

supply plants adequately with Zn. Later, Allen (1961) defi ned the Zn 

in an EDTA extraction of the soil as the available Zn fraction. In the 

current experiment the di thizone-cC14 extraction of Dean and Shaw (1952) 

was compared with the EDTA extraction of Allen (1961) for the three 

soils and both ~thods gave almost t he same values. The EDTA extraction 

gave less variation in values. Therefore, i n t his study the EDTA method 

was us ed t o characterize available Zn because it was much easier than 

the dithizone met hod. 

The present s tudy showed that the amount of Zn in this available 

fraction was related to plant yield, the cont ent of Zn in the plant, and 

the visual a ppearance . As the Zn increased in the available fraction, 

more Zn was present in the tops of plants. 

Water Soluble and Exchangeable Fractions 

The percent of Zn extracted from the soils as water soluble or 

exchangeable was consistently low dur:!.ng the four incubation periods. 

It was clear that these t wo fractions were not able to supply t he 

plants with Zn unless t here was another Zn source that would supply 

Zn with t i ne. This Zn might come from the readily and easily decom­

posable organic forms . 

~r Acetate Fr action (Complexed) 

All ions a dsorbed on t he colloidal fraction of so ils are not 

equally avai lable to plants . Some are more easily replaced than the 
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otherlii.l also, all the i ons of t he same nature may not be equally acces­

sio e to plants . Some are held quite closely to the colloidal surface, 

whi.le o thers move in the outer portions of the ionic swann , 

In order for Zn to be bound by the soil, it probably must enter 

into an exchange r eaction with compounds or complexes present in the 

soil. The amount of exchange that occurs wi ll depend on the relative 

concentrations of the exchangeable ion or ions , and t he stability con­

stants of t.he bond being broken and of the one being formed, 

Baughman (1958 ) indica ted that there are three levels or degrees 

of retention of Zn by the soil, These would be (1} simple exchange 

spot.s in which Zn replaces other easily exchangeable ions and is in 

turn replaced by the ammonium ion; (2 ) complexes in which Zn replaces 

other complexed ions and i n turn can be replaced by copper and (3) 

difficulty ionizabl e complexes in which Zn replaces other complexed 

ions and is not in turn replaced by copper. 

Th data of the present exJ:E riment indicate that a considerable 

pe en~ge of Zn was found in the complexed fmction. 

I n addition to that of t he Zn of the soil , the copper may react 

with part of the Zn in the easily ~onizable organic c omplexes. Even 

if thla is the case • that part of Zn which may cone out of the organic 

mat te woul d not be considered inactivated since it would probably be 

ava i lable f or plant use. 

Organic Fraction 

The nature of the inactivation of heavy metals by organic matter 

i s no t. understood . Soil organic uatter may form complexes with 1113tals 

by ion exchange , surface a dso rption., chelation and complex coagulation 
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and pept.i.zation reac ons . Many studies have indicated that metal ions, 

lik'9 Zn, form chelati ng compou.nds with s oil organic matter, a nd that 

t.hia reaction may cause the inactivation of Zn. 

££mpounds responsibl e for Zn complexes 

The major components of soil organic matter are mixtures of lignin! 

polysaccharides, proteins , tannins , and othe r polyphenols. Most of the 

principal chelating donor groups , like amino , imino, keto , hydroxy, 

thioether, carboxylate , and phosphonate, are present in compounds which 

have been separated from soil organic matter. 

A considerable number of investigators have tried to point out the 

most important compounds which are responsible f or the chelation reac­

t ions. Himes and Barber (1957) conc luded that the humic fraction of 

organic matter retained 59 percent and the ful vic fra ction 12 percent 

of the total Zn applied to soils. Henry (1966) found t iB t during the 

30 weeks of a study on or ganic matter decomposition the concentration 

of Zn with the fulvic aci d fraction was several tilms that in the humic 

acid f raction. The decline in Zn with time associated with the fu lvic 

acid f r ac tion showed a reciprocal increase in Zn associated with the 

miner al. fraction . 

Proteins are c ons i dered to be one of the groups responsible for 

chelation. ~rd and Wilcox (1956) concluded that in the proteins the 

side chains s uch as carboxyl, 1.midozole , and sulfhydryl are usually 

more important in binding metal ions than the terminal amino and car­

boxyl groups. Zinc has been found to form a complex with each of the 

16 imidazole groups of the albumin molecule (Gurd , 1952}. 
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Release of Zn from he organic fraction 

It may be expected that certain amounts of organic compounds 

capable of forming chelates and complexes with Zn are cons·tantly being 

released during the decomposition processes taking place in the soil . 

The rate of decomposition of the organic matter and the release of the 

d i fferent nutri ents depends on the soil condition. This decompositi on 

is largely affected by the temperature at which the decompos ition takes 

place, and hence the c omposition and the a ctivity of the soil micro­

organisms. Water supply and aeration also control the r ate of decom­

position . 

The three soils of the present study were kept under the same 

conditions dur ng t he incuba i on periods. The temperature was about 

30° C, and the soils were kept moist wi th deionized water to about the 

one-third bar moisture suction for each soil . 

The Zn in the organic fraction in the t wo soils , Millville silt 

loam and Taunton sandy loam, was at its highest level after 6 weeks 

i ncubation. The orga!llc frac ion in .Portneuf soil, however, retained 

more Zn at 12 weeks than at 6 weeks. After reach ing the maximum 

level, the Zn i n all soils was continuously released from the organic 

fraction. At the end of 58 weeks , the level of Zn in the organic 

fraction was qui te low. This may indicate that the compounds which are 

capable of forming complexes with Zn in the organic fraction are sub­

jected to decompos ition or change in such a way t hat the Zn is gradual ly 

released . 

EDTA Fraction or Remaining Available Zn 

The nature of Zn in this fraction is not quite known. Zn in this 



extr action is assumed to be representative of the Zn chelated or com­

plexed ~ soil in a way that the ED~ solution forms a more stable 

compound with it than had been the case where it was in the soil. 
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The Zn in this fraction was always less than that found i n the 

original available fraction. This led to the conclusion that part of 

the so-called avai lable Zn had been removed when the soil was extracted 

for the Zn i n the water soluble , exchangeable, complex, and organic 

fractions. 

The percentage of Zn in this final EDTA extraction was affected 

by the different treatments of the soils. In general, there was a 

reciprocal relation with the Zn in this fraction and that in both the 

or ganic and residue fractions. 

Zinc in the Residue 

Zinc in this fraction was not r eplaced by the various extractions 

applied to the soil previously. The amotmt of Zn in the residue pre·­

sumably forms extremely stable and unavailable forms of Zn as far as 

plant growth is concerned. 

The residue i n the three soils retained a high percentage of the 

added Zn under all t reatments. The observation that the organic 

matter interacts with soil r esi due and forms an organa-clay complex 

may be demonstrated here to a certain degree . When sugarbeet tops and 

alfalfa were added to the soils, there was an increase of Zn over the 

zero organic additions, in the r esidue fraction. This increase was 

greater in the two soils, Millville and Portneuf, which have higher 

clay c ontent. 

Henry (1966) found that during a 19 weeks 1 incubation period, the 



silt and sand s ize particles retained more Zn than the clay size par­

ticl es. He concluded that these results were due to the presence of 

organic matter binding clay particles together, thus producing silt 

size particles with more Zn attached to them. 

The present study showed that time affected the amount of Zn 
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found in the residue. The pe rcent of Zn in this fraction continued to 

i ncrease during the 32 weeks 1 period, and then it gradually decreased . 

This latter decrease was not greatly significant, but may be due to the 

breaking down of some of the organo~clay particles with time . 
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SUMMARY AND CONCLUSIGNS 

The effect of di fferent organic ~~tter t reatments on the inactiva­

tion of zinc in three di ffere nt s oils was studied . The three soils were 

Portneuf silt l oam , in which zinc def iciency wa s f ound in fie ld beans 

folloo·Jing suga r bee t s , Taunton sandy l oom, known to show Zn deficiency 

on most sens itive cr ops , and lillville silt loam, no known Zn defi­

ciency problem. Or ganic l!'.atter' was added as a l falfa and sugarbeet tops 

at the rate of zero or 30 tons equivalent gr een we i ght pe r acre (2 x 

106 l bs. ) . Zinc treatments were zero or 20 lbs. pe r acre as ZnS04 • 

Zinc65 was added t o all so.ils as a trace r There were fou r i ncubation 

periods , zer o t ime, 6 weeks , 6 months, and 1 yea r . After each incuba­

tion peri od beans wer e grown f or 6 r:eek s . The plants were harvested, 

dried, we ighed, separated i nto aerial parts and roots, digested in acid, 

and t he total Zn determined on an a tomic absorption spectrophotometer . 

Two 5- gram sampl es of dry s oil from each pot were obtained and 

analyzed for Zn according to a fractionation procedure that would give 

the Zn found in each fraction These fractions were the available or 

EDTA extrac table Zn, the water sol ubl e Zn, the exchangeable Zn, the 

complexed or copper acetate extractable Zn , the Zn in the organic 

frac tion (organic matter destroyed by H2o2}, tte Zn that came out with 

a second EDTA extraction, and the Zn remaining in the residue or 

mineral fraction. 

The decomposing organic matter increase d Zn inactivation in all 

soils . This effect was not spec ific for sugarbeet tops, but was also 

noted with a lfalfa . The degree of inactiva tion brought on by the 
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decomposing organic matter was not always the same for the two organic 

sources. This may be due to the difficulty in establishing exactly the 

same amount of organic matter when additions are made on a green 

wieght basis . 

The amount of Zn inactivated in the three soils by organic matter 

was different, but in general the Zn inactivation increased w~en 

organic matter was added . 

A large part of the zinc in the organic fraction and soil residue 

was released by time, particularly at the end of a 1- year incubation 

period. The growth of bean plants was not depressed by the added 

organic matter following the last incubati on period, and a relatively 

high level of Zn was found in the tops of the plants. 

There was a considerable amount of Zn found in the organic f r ac­

tion of the soils in the 6- and 12-week incubation periods. The amount 

of Zn in this fraction then gradualq decreased with time. A high 

percentage of the added Zn was found in the soil residue, and the Zn 

in this fraction varied greatly with time and type of soil. Zinc in 

the water-soluble and exchangeable fractions was very low in comparison 

to that found in other fractions. The amount in both fractions in­

creased with time. 

Zinc deficiency symptoms of the plants were always accompanied by 

low yield, low Zn in the plant tops, and low Zn in the available or EDTA 

fraction of the soil. 

The information obtained from this experiment led to too conclusion 

that the particular Zn deficiency observed in the Portneuf soil was a 

result of more than one factor . It is suggested that although the 

level of availabl e Zn in the Portneuf soil was not as low as that found 



in the Taunton soil, it was at or approached the critical values for 

growth of a zinc- sensitive plant. The addition of sugarbeet tops, or 

any large amount of organic matter, caused a decrease in the available 

Zn. It was shown that at least psrt of this Zn that was removed from 

the available pool bw the decomposing organic matter would be released 

for plant uptake in time. 
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I. EDTA Extraction Before Planting 

During tbe course of the experiment, and after completi ng the 

analysis of soila at 6 and 12 weeks, the idea of determining Zn i n soil 

before planting was introduced. The purpose was to evaluate how much 

Zn was actually found in the soil before any uptake by tbe plants , and 

what was the difference between the level of Zn before and after plant ­

i ng. The r esults are l isted i n Table 4. 

It has been noti ced that in all treatments EDTA extraction before 

planting had more Zn than after planting; however, the same trend was 

found in both extracti ons toward adding organic matter, ZnS04, and also 

t he period of incubation. 

It is expected that duri ng the gr owth period plants u tilize part 

of t he Zn i n EDTA extraction and as a result, the level of Zn after 

harvesting the plants is always less than before planting. 

II. 

The percentage of zn6S of total r ecovered i n various frac t i ons of 

t he t hree soils , Taunton sandy loam, Portneuf silt loam, and Millville 

silt loam, at the four incuba tion periods (6 , 1 2, 32, and 58 weeks) of 

the two Zn treatments (zn6S and zn6S .. 20 lb Zn a s ZnS0
4 

psr ac re) are 

presented in Tables S through 16. 
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Table 4. Total Zn in the EDTA extractions (available) after the two 
incubation periods, 6 months and l year, before planting 
(average of two replications) 

Portneuf Taunton Millville 
6 l 6 l 6 l 

Treatments months year months year months year 
parts per million 

No o5~anic + 
Zn 3.6 4.1 1.9 2,0 6.1 6.3 

No o5f"nic + 
(Zn + ZnS04) 7.2 7.7 3.1 4.1 8.3 9.0 

Sug5
5
beet • 

2,1 2.8 1.8 1.9 5.6 6,2 

Sugar beet + 
(zn65 + ZnS04) 5.8 6.5 2.9 3. 9 7.0 8.3 

Alfa~a + 
Zn 5 2,2 3.6 1.8 1.9 5.8 6.2 

Alfa~a + 
(Zn 5 + ZnS04) 6.7 7 .l 3,0 4,0 8.6 8.8 
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Tabl e 5. zn65 percent of total recovered in various fractions of 
Taunton soil at 6 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No g~ganic + 
Zn 2.0 2.6 25 .0 8.5 19.3 42 . 6 

1.9 2.6 25.7 8.8 18.5 42.7 

No oifnic + 2,0 2.7 27.0 8.7 18.3 41.3 
(Zn + ZnS04 ) 

2.8 lil.7 40.4 2.1 27.0 9.0 

Sug~r beet + 
Zn 5 

1.3 1.9 23.3 14.6 14.8 44.1 

1.4 1.8 23.2 15 .4 14.6 43.5 

Sugab beet + 1.4 2.0 25.4 14.7 13.4 43.1 
(Zn 5 + ZnS04) 

1.5 1.9 24.6 14.1 14.3 43.6 

Alfalfa .. 
zn65 

1.6 2.1 24.4 13.2 15.7 43 .0 

1.7 2.2 24.7 13.3 14.5 43.6 

AlfaMa .. 1.7 2.3 26.6 12.5 15.7 41.2 
(Zn 5 + ZnS04) 

1.8 2.4 25.8 ll.9 15.2 42.9 

avalues are given for two replications. 
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Table 6. Zn65 percent of total recovered in various fractions of 
Taunton soil at _12 weeks incubation perioda 

Water Exchange - Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No organic + 
zn65 

2.0 2.6 27 .o 8.4 17.2 42.8 

2.0 2.4 28.2 8.6 16.2 42.6 

No o;~anic + 2.1 2.8 28.8 8.7 16.8 40.8 
(Zn + ZnS04 ) 

2.8 28.3 8.6 40.9 2.1 17.3 

Sugar beet + 
Zn65 

1.5 2.0 25.6 14.1 11.5 45.3 

1.6 2.1 25.3 14.0 11.4 45 .6 

Sugab
5
beet + 1.6 2.2 26.5 13.3 11.5 44.9 

(Zn + ZnS04) 
2.4 26.5 ll..4 44.3 1.7 13.7 

Alf~;fa + 1.9 2,2 26.4 12.2 13.4 43.9 
Zn 

1.8 2.3 27.8 12.2 12.1 43.8 

AlfaMa + 1.9 2.6 28.8 10.9 12.4 43.4 
(Zn + ZnS04) 

28.4 1.9 2.7 11.1 12.0 43.9 

avalues are given fo r two replicat ions , 
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Table 7. zn6S percent of total recovered in various fractions of 
taunton soil at 32 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No grganic + 
Zn 5 

2.0 2.8 28.4 7.1 16.5 43.2 

2.2 2.7 28.2 7.0 16.3 43.6 

No orrnic + 2.4 2.9 29.9 1.0 16.2 42.6 
(zn6 • ZnS04 ) 

2.4 16.0 41.4 3.0 30.2 7.0 

Sug~$ beet + 1.7 2.1 27.7 12.1 9.0 47.4 
Zn 

1.8 2.2 27.7 12.6 9.1 46.6 

Sugar beet + 2.0 2.3 28.7 11.4 9.9 45.7 
(Zn65 + ZnS04) 

2.5 28.5 45.9 1.9 12.0 9.2 

A.lf~~fa + 1.9 2.6 27.8 ll.4 10.6 45.7 
Zn 

2.0 2.5 28.5 ll.6 10.6 44.8 

Al falfa + 2. 2 2.8 29.4 10.9 10.8 43.9 
(zn65 .. ZnS04) 

28.4 10.8 44.8 2.2 2.7 11.1 

aval ues are given for two repli cati ons . 
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Table 8. zn65 percent of total recovered in various fractions of 
Taunton soil at 58 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No organic + 
zn65 

3.0 3.7 29.3 5.3 17.0 41.7 

2.9 3.6 29.6 4.6 18,6 40.7 

No or~anic .. 3.4 3.5 30.6 4.9 17.5 40.1 
(zn6 + ZnS04 ) 

29.2 4.9 18.7 40.3 3.2 3.7 

Sug~r beet .. 
Zn 5 

2.9 3.1 27.3 6.4 15.3 45.0 

2.8 3.3 27.8 6.7 14.8 44.6 

Suga~ beet + 3.1 3.6 28.9 6,6 14.3 43.5 
(Zn 5 + ZnS04) 

3.5 6.7 14.8 42.7 3ol 29.2 

Alfalfa + 
zn65 

2,9 3.3 27.2 6.1 18.2 42.3 

2.8 3.3 28.1 6.1 18.3 41.4 

AlfaMa + 3.1 3.7 28.4 6.4 15.7 42.7 
(Zn 5 + ZnS04) 

3.8 6.7 15.7 41.3 3.3 29.2 

avalues are given for two replications. 
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Table 9. zn65 percent of total recovered in various fractions of 
Portneuf soil at 6 weeks incubation perioda 

Water Exchange- Com- Remining 
Treatments soluble able plexed Organic available Residue 

No organic • 
zn65 

2.3 3.4 17.2 10.9 31.0 35.2 

2.4 3.6 17.7 11.4 30.1 34.8 

No or~anic + 2.6 3.9 20.4 10.2 28.4 34.5 
(zn6 + ZnS04} 

2,6 20.0 10~4 3.7 30.0 33.3 

Su~r beet + 2.0 3.2 
Zn 5 

16.9 17.5 22.2 38.2 

lo9 3.3 17.2 17.9 22.2 37.5 

Sugar beet .. 2.0 3.5 20.0 17.1 21.1 36.3 
(zn65 .. ZnSo4} 

2.0 3.6 20,0 17.2 19.8 37.4 

Alfalfa + 
zn65 

2.1 3.4 17.4 15.5 24.9 36.7 

2.0 3.4 17.3 15.9 24.2 37.2 

llfalfa • 2.1 ).7 20.1 15.1 22.9 36.1 
(Zn65 .. ZnS04} 

2.2 3.8 20.1 13.9 24.3 35.7 

avalues are given for two replications. 
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Table 10. zn65 percent of total recovered in various fractions of 
Portneuf soil at l2 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No grganic + 
Zn 5 

2.4 3.4 16.8 11.2 28.0 38.2 

2.7 3.7 17.1 12.0 26.7 37.8 

No or~anic + 2.9 3.8 20.1 10.7 27.6 34.9 
(zn6 + ZnS04) 

19.4 27.4 35.5 2.9 3.9 10.9 

Sugar beet + 
zn65 

0. 9 1.9 15.0 24.0 14.6 43 .6 

0.9 2.2 16.1 24.6 14.8 41.4 

Sugar beet+ 1.4 2.6 18.9 23.5 15.3 38.3 
(zn65 .. Zn5o4) 

1.5 2.3 17.9 24.6 14.3 39.4 

Alfalfa + 
zn65 

1.8 2.9 16.7 21.3 17.7 39.6 

1.8 2.6 16.4 22.0 17.0 40.2 

Alfalfa + 1.9 3.0 18.9 19.8 17.7 38.7 
(zn65 .. znS04 ) 

19.8 21.3 17.5 36.4 1.9 3.1 

ava1ues are given for two replications . 
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Table 11 . zn65 percent of total recovered in various fractions of 
Portneuf soil at 32 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No grganic + 
Zn 5 

2.5 3.6 16.4 10.6 26.6 40.3 

2.7 3.8 17.6 10.6 25.2 40.1 

No or~anic + 3.2 4.0 21.6 9.5 23.4 38.3 
(Zn6 + ZnS04} 

J .• 2 4.1 20.4 9.5 23.2 39.6 

Sugar beet+ 
zn65 

1.8 3.1 13.6 18.4 9.3 53 . 8 

1.9 3.2 14.2 17.4 10.7 52.6 

Sugar beet + 2.1 3.0 15.6 16.8 11.5 51.0 
(Zn65 + ZnS04} 

1.9 3.2 16 .4 17.3 10.3 50.9 

Alfalfa + 
zn65 

2.0 3.2 15.3 17.0 15.9 46.6 

2.1 3.2 14.6 15.8 15.5 48.8 

Alfalfa + 2.0 3.9 18.6 15.2 14.9 45.4 
(Zn65 + ZnS04) 

2.1 3. 8 17.6 16.0 14.0 46.5 

aValues are given for two replications. 
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Table 12. zn6S percent of total recovered in various fractions of 
Portneuf soil at 58 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No organic + 
zn65 

3.7 4.3 19.0 8.2 25.6 39.2 

3.5 4.8 19.5 8.0 26.3 37.9 

Nor organic • 4.0 4.7 21.9 7.2 23.9 38.3 
(zn65 + ZnS04) 

4.2 4.8 20.7 6.9 24.8 38.6 

Sugar beet + 
zn65 

3.2 4•1 17.8 11.3 19.7 43.9 

3.0 4.1 17 .4 11.7 19.5 44.3 

Sugar beet + 3.7 4.4 18.8 10.9 18.5 43.7 
(zn65 + ZnSo4 ) 

3.8 4.2 19.7 11.4 19.6 41.3 

Alfalfa + 3.4 4.1 
Zn65 

18.6 10.8 22.7 40.4 

3.5 4.4 17.7 10.9 22.4 41.1 

Alfalfa • 3.8 4.4 18.5 10.8 22.7 39.8 
(zn65 + ZnS04) 

3.9 4.6 18.9 11.0 22.4 39.2 

avalues are given for two replications. 
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Table 13. Zn65 percent of total recovered in various fractions of 
Millville soil at 6 weeks incubation perioda 

Water Exchange- Com- · -Remaining 
Treatments soluble able plexed Organic available Residue 

No organic + 
zn65 

3.9 3.9 17.7 12.3 35.0 27,2 

3.9 4.0 17.9 12.4 34.5 27.3 

Na or~anic + 4.1 4.6 22.7 11.6 30.2 26,8 
(zn6 .. ZnS04) 

4.0 4.6 11.6 30.4 27.4 22.0 

Sugar beet+ l.8 2.6 
zn65 

17.0 29.0 20.1 29.5 

2,0 2.4 17.2 21 .a 20 .9 29.7 

Sugar beet + 2.4 2.9 20.7 26.3 19.1 28.6 
(zn65 + ZnS04) 

2.5 26.3 18.7 28.5 2. 9 21.1 

Alf~lfa + 
Zn 5 

2.9 3.4 17.0 22.8 24.7 29.2 

2.7 3.7 17.5 24.2 .23.9 28.0 

Alfalfa + 3.0 3.9 21.4 21.3 22 .2 28 . 2 
(zn65 .. Znso4 ) 

3.2 4.2 21.8 22.9 21.1 26.8 

6Values are given for two replications. 
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Table 14. zn65 percent of total recovered in various fractions of Mill-
ville soil at 12 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No organic + 
zn65 

4.1 4.0 20.9 12,0 29.0 30.1 

3.9 4.0 19.7 12.0 28,8 31.6 

No or~anic + 4.2 4.8 23.4 ll.6 22.1 33.9 
(zn6 + ZnS04) 

4.1 4.9 24.2 21.5 34.2 11~1 

Su~r beet + 2.2 2, 9 18,8 25.4 ll.7 39.0 
zn65 

2.1 3.0 19.1 26.0 ll.2 38.6 

Sugar beet "' 3.6 3.0 22.8 23.1 ll.l 36.4 
(Zn65 + ZnS04) 

3.8 3.1 23.4 22.6 10.8 36.3 

Alfalfa + 
zn65 

3.0 3.9 19.1 21.4 16.2 36.4 

3.2 3.7 19.8 20.3 16.7 36.3 

;\lf~fa + 3.9 4.0 23.5 19.8 13.3 35.5 
(Zn 5 + _znso4) 

3.8 4.3 23.5 19.5 14.1 34.8 

aValues are given for two replications. 
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Table 15. zn65 percent of total recovered in various fractions of 
Millville soil at 32 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No grganic + 
Zn 5 

4.0 4.2 21.0 10.9 23.8 .36 .1 

3.9 4.3 21.1 ll.l 24.2 35.4 

No or~anic + 4.2 5.0 26.1 10.1 20.3 34.3 
(Zn6 + ZnS04) 

4.3 5.0 26.3 10.0 18.8 35.6 

Su~r beet+ 3.2 3.8 19.4 18.2 10.6 44.8 
Zn 5 

3.4 4.0 19.2 17.8 11.4 44.2 

Sugar beet + 3.9 4.1 24.2 16.7 ll.5 39.6 
(zn65 .. znS04 ) 

).8 4.2 25.6 17.0 10.2 39.2 

Alfalfa + 
zn65 

3.8 3.8 20.9 16.9 12. 3 42.3 

3.7 4.2 20.5 16.1 13.6 41.9 

Alfa!§a + 4.1 4.3 24.8 15.4 13.6 37.8 
(Zn + ZnS04) 

4.1 4.4 26,6 14.9 13.2 36.8 

~alues are given for two replications • 
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Table 16. zn65 percent of total recovered in various fractions of 
Millville soil at 58 weeks incubation perioda 

Water Exchange- Com- Remaining 
Treatments soluble able plexed Organic available Residue 

No organic + 
zn65 

4.2 4.8 23.7 8.0 27.3 32. 0 

4.3 4.7 23.8 8.7 26.1 32.4 

No o~~~c + 4.4 5.1 25.1 8.5 25.4 :n.s 
(Zn • Zn004 ) 

4.4 5. 1 26 . 7 25.9 7-7 30.2 

Sug~r beet+ 
Zn 5 

3.8 4.5 19.9 10.6 21.5 39 .7 

3.8 4.7 20.1 11.3 20.7 39.4 

Sugar beet .. 4.1 4. 7 22.4 10.0 20.3 38.5 
(zn65 .. ZnS04) 

4.3 4.7 23.8 9.8 20.1 37.3 

Alfalfa + 
zn65 

4.1 4. 5 20.0 10 . 2 25.9 35.3 

4.1 4.7 21.6 10.0 23.0 36.6 

Alfalfa • 4.3 4.8 23.9 9.7 22.5 34 . 8 
(Zn65 + ZnS04) 

4.3 4.9 24.6 9.5 22.3 34.4 

avalues are given for two replica tiona • 
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