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SÈudles nere conducted to deterntne Èhe Lnfluence of some soll and

plant factors on the utillzatlon of Zn fron Zn fertlllzer bands by

planÈs. In a chenlcal study, uslng a calcareous and a noncalcareous

soll, concenÈraÈlons of nater soluble zn and pH \rere measured at
various dlstances fron the point of applicatlon of ZnCL, or Zn-EDTA

fertllizer bands. The Zn fertlllzers were applled either alone or ln
comblnatlon with (NH4)2SOå, urea or NHaH2pO..

Solubllity of Zn was much greater in Zn-EDTA than ln ZnCL2 bands

for both soils. Solubility of Zn ln fertlllzer bands treated wlth

Zn-EDTA alone was the s¡me for both soils. solubility of zn in the

ZnCL2 bands was much loser in the calcareous than ln the noncalcareous

soll. Application of (NH4)zso4, urea or NHqHzpo. decreased the

solubillty of Zn in the Zn-EDTA bands fn the noncalcareous soil but

lncreased the solubility of Zn-EDTA fn the calcareous soil. (NH4)zsol

Lncreased the solubility of the ZnCL, ferttllzer in both soils whlle

NH4H2PO4 decreased lts solublllty. Urea increased the solubtlity of Zn

fn the ZnCL, bands in the calcareous soil buc decreased Zn solubility
in the noncalcareous soil. Zn novetrent was much greater from Zn-EDTA

than frorn ZnCL" bands for both soils . Zn movement frorn Zn-EDTA bands

IÍas Sreater in the calcareous than ln the noncalcareous soil. NH4H2pO4

was most effective ln enhanclng Zn movement from the Zn-EDTA bands,

r'rhen applled to the calcareous soil. (NH4)2so4 was very effective ln
prornotlng Zn movement fron the Zncl2 bands ln both soils.

RooË growth and utilization of zn from zncr" and Zn-EDTA

fertillzer bands by wheat were assessed on calcareous, slightly
calcareous and noncalcareous soils. The concenEratíons and form of
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water soluble Zn fn the fertlLLzer bands rcere also determined in some

of the studies. VlrÈually all the water soluble Zn ln ZnCL2 bands rras

ln the lonlc forn. Both the lonlc and eomplexed forms of zn were

present ln zn-EDTA fertlllzer bands. The amount as ¡¡ell as quality of

roots ln the fertilizer bands vere severely reduced by hlgh

concentratlons of ionlc and conplexed Zn.

UÈilizatlon of Znby plants was remarkably increased by lncreaslng

the root Ëo Zn fertllizer contacÈ. ConcenÈratLons of Zn ln the plant

shoots lncreased wlth increases 1n the âmount of rooËs in Èhe

fertilfzer band as well as concentratlons of zn ln soil solutlon.
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Banding (placenent of fertillzers in a narrow band) is a widely

recommended meÈhod of appllcatlon of varlous naJor plant nuËrlents for

crops growrl in ManiÈoba and elsewhere since it has been shown that

banding of najor nutrients tends to linlÈ flxatlon of the nutrienË by

soils, thus erùrancing efficiency of uptake by crops. rn contrast,

studies condueted to date demonstrated Èhat regardless of the crop

grown, banding of inorganic Zn fertlllzers such as ZnSOa result in very

Lo',t zn uptakes from the fertilizer bands when compared to Zn uptake

when the inorganic Zn fertil izers are thoroughly mixed wíth the soil

(Loewen-Rudgers et al. L978). rt was also shown that the solubility

of inorganic Zn fertilizers was higher v¡hen banded than when thoroughly

mixed with the soil and thus the poor utilization of zn from the

fertilizer band was not due to fixation reactions. It was postulated

therefore, that Èhe poor utilization of Zn from inorganic Zn f.ertiLizer

bands was partly due to limited contact between planÈ roots and the Zn

fertilizer due to the low nobility of ionic zn Ín soil. The low

mobility of Zn would result in a very small volume of soil fertilized

and thus limited root to Zn fertilizer conÈact.

Previous studies (Loewen-Rudgers et al. 1978) also showed that Zn

uptake from an organically conplexed Zn fertllizer band such as Zn-EDTA

was usually satisfactory and much greater than from an inorganic Zn

fertilizer band. The greater Zn uptakes from organlcally complexed Zn

fertilizer bands was thought to be a consequence of greater movement

of. zn from organically eomplexed Zn fertilizer bands, which in turn

resulted in a larger volume of soil treated with the Zn fertilizer.

1.0. INTRODUCTION
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However, very lfnÍted lnfornaÈfon rÍas presented to demonstrate Èhe

extent of the differences in Zn movement from organically complexed and

inorganic zn ferttlizer bands, particularly when applted to various

soils found in Manitoba. In addltion, there was no information fn the

literature regardlng root growÈh habits (anount of roots, qualfty of

roots etc.) in Zn fertllizer bands, in relation to Zn uptake frorn the

fertilízer bands, to support the limlted root contact theory.

Therefore, chemical studies as well as plant grorvth studies were

conducted:

(1) to compare the solubility as well as extent of. Zn movemenü from

organically conplexed and Ínorganic Zn fertilizer bands;

(2) to determine the influence of various macronutrient fertiltzers

on solubílity and Zn movemenË from Zn fertillzer bands;

(3) to determine the effect of organically complexed and fnorganie Zn

fertilizer bands on root gror.rth and Zn uptake by wheat.



2.L.

Adsorption of Zn by soll constiËuents such as clay minerals, Fe

and Al hydrous oxides, carbonates and soíl organlc matter, as well as

precipitation reactions lnvolvlng the Zn ion account for a slgnlficant

amounÈ of Zn retained ln soils (Butler and Bray L956; Holden and Brown

L965; Loneragan L975; Shuman L976). White (L957) as well as Morrvedt

et al. (1972) reported that when the concenÈration of Zn in soll

solution was quiÈe low adsorption reactions were very effective as

meehanisms of retention of Zn in soils. But, when the concentration

of. Zn in soil solution was in excess of the adsorption maximum, the

amount of Zn in soil solution was largely controlled by the solubility

of the precipitates formed (Kalbasi et al. 1978b). I+rhen Zn fertilizers

are applied in a band, the anount of Zn in soil solution will likely

be controlled by boÈh adsorption reactions as well as the solubility

of the respective reaction products formed. However, it should be

noted that while reaction producÈs will likely play a larger role at

the site of application, adsorption reactions will become increasingly

important \,/ith dístance from Èhe band.

Factors Affectlne Retentlon of Zn Fertillzens ín Solls

2.0. LITERATI]RE REVIET{

2.I.L. Retention of Zn bv Clav Minerals-

Zinc rnay be adsorbed

Zn**, ZnoH+ or ZnCL+, and

octahedral layer or for Mg

ral layer (Butler and Bray

on the exchange

occasionally may

in minerals that

1956; Mengel and

sites of clay minerals as

substitute for Al in the

contain Mg in the octahed-

Kirkby 1982). Studies by
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Ifhite (1957) showed that about 20 to 45 percent of the Zn ln soils rsas

associated with clay mínerals. Ell1s et al. (1970) as well as Udo et

al. (1970) showed that the nmount as well as t¡¡pe of clay mÍnerals

involved in the retention of Zn had a signlficant influence on the

amounc of zn retalned by clay soils, undoubtedly, due to large

differences in the surface properËies of varf.ous clay mlnerals.

using the extent of dlffusion of zn in clay minerals as an

indicatíon of the extent of retention of Zn by different clay minerals,

Ellis et al. (1970) found Èhat the extent of diffusion of Zn through

the various clay minerals tested followed the order, kaollnlte ) ÍlIite

differences among clay minerals with respecE Èo their adsorptive

eapacities for Zn were directly related to the c.E.c. of the clay.

However, DeMumbrum and Jackson (1956) and Binghan et a1. (L964),

demonstrated that in some cases, some clay minerals sueh as

montmorillonite retained amounts of zn in excess of theír c.E.c. at

near neutral or alkaline pH. They suggested that adsorption of the

hydrolysed form of zn or precipitation of zn as zn hydroxide was

probably the most logical explanation for the observed effect. But,

Elgabary and Jenny (1943) believed that Ëhe zn thar could not be

extracted by a neutral salt was probably retained in the octahedral

layers of the clay minerals.

In view of the ability of certain minerals to reÈain significant

amounts of the Zn# ion, one rnight be inclined to believe that retenË-

ion of zn by clay minerars wourd be more likely Ëo occur with the

inorganic than the organically complexed form. wallace and Lunt (L956)
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as well as Hochberg and Lahau (L978> reported that there was no

evidence ln thelr work to lndlcate that clay solls retalned appreclable

amounts of Zn froro Zn-EDTA. However, in some lnstances other research-

ers reported the contrary. I{allace et al. (L957), for example,

cautioned that when using netal chelates as sources of mlcronutrfents

such as zn, one has to take Lnto conslderatfon the reactlons of

chelates in so1ls. Burler and Bray (1956) reported that the

application of Zn-EDTA to soils hlgh in clay was not a very effectlve

nethod of supplying zn to plants. stewart and Leonard (1957) found

that fifty Percent of the Zn applied in the chelated form was adsorbed

by clay minerals.

Therefore, iË ls quite evidenÈ that soils high in clay conLent can

have a profound influence on the solubility as well as plant availa-

bility of both organícally complexed as well as inorganÍc zn

fertilizers. These studies also suggest that such soils can contrlbute

substantially in alleviating netal toxicity problems which nlght occur

due to high concenËrations of certain metals in soils.

2.1.2. Adsorption of Zn by Fe and A1 Hydrous Oxides

The ability of Fe and A1 hydrous oxides to adsorb signiffcant

âmounts of native Zn as well as Zn from applfed Zn fercilLzers has long

been recognised (white L957; chu 1968; shunan L976; Kalbasi er al.

L978a). MosË researchers showed that the adsorption of zn by such

oxides was a pH dependent reaction increasing markedly with increase

in pH, most likely due Èo the pH dependent surface charge of the

sesquioxides. The mechanism involved in the adsorpËion reactions has
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also contributed signífícantly towards a better understanding of the

factors conËrolling the chemical availabillty of Zn in soils which

contain significant ¡mounts of Fe and A1 hydrous oxides. Kalbasi et

al. (1978a) identffied two mechanlsms by whlch Zn was adsorbed to Fe

and Al oxides, i.e. speclfic adsorptlon and nonspecific adsorption of

zn. specifie adsorpLion of Zn involved adsorption of zn# through the

formation of an olation bridge and ring structure with the oxlde and

the rerease of two H+ for each mole of zn# adsorbed. on the other

hand, nonspecific adsorption of zn was thought to involve adsorption

of zncL+ or Zn# plus cI- and the release of one H+ for each nole of

zn# adsorbed. A single bond structure in which zncL+ replaced one

H+ frorn surface .-oH, groups !¡as postulated. KalbasÍ et al. (1978a)

also found that about 60 to 90 percent of the Zn adsorbed by Fe2o, was

specifically adsorbed while nonspecific adsorption of Zn accounted for

10 to 40 percent of the total zn adsorbed by the Fe oxides.

Specifically adsorbed Zn was consldered not easily avallable to plants

while nonspecifically adsorbed Zn was considered to be relatively nore

plant available.

The importance of P fertilizers in increasing the extent of Zn

adsorption to Fe oxides in some soils has also been assoclated with the

effect of the P fertilizers on the surface charge of the oxídes

(stanton and Burger 1967). saeed and Fox (L979), for ex¡mple, workÍng

with some tropical soils, found that application of p fertflizers to

such soils íncreased the negative charge on the Fe and Al hydrous

oxides systems. This effect was believed to accounÈ for the increased

capacity of the oxides to retain Zn. rn addition, Jenne (196g) also
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reported that factors such as the concentration of netal ion of

interest, the concentratfon of conpetlng f.ons, as ryell as other ions

capable of forming inorganic conplexes as well as organlc chelates, all
had a considerable influence on the extent of adsorptlon of heawy

metals by sesquioxides.

rn view of the role played by Fe and Al hydrous oxldes in che

adsorption of zn in soils, one rnlght be led co speculate that such

properties may be useful as a potential solution to occasional metal

toxicity problems resulting fron high concentrations of certain metals

ln soil solution. However, given the fact that adsorption reactí.ons

were found to be most effective lrhen the concentration of Zn in soil
sorution was quite low, the effectiveness of the sesquioxides in Ëhe

adsorption of Zn at concenËratíons which night normally be encountered

in inorganíe Zn fertilÍzer bands has yet Èo be evaluated.

2.1,.3. Retention of Zn bv Soil Orsaníc Marrer

Zinc interacts with soil organic matter to form both soluble as

v¡erl as insoluble Zn-organic maÈter complexes (Hodgson et al . L966;

Loneragan 1975). Therefore, among other effects, organie matter

obviously plays a significant role as an agent for rnobilization and

transport of uetal ions in soils (Himes and Barber L957; Schnitzer and

skinner 1966). Miller and ohlrogge (1958) as well as singh and sekhon

(L977) found that addiËion of large âmounts of manure Èo the soÍl

resulted in significant decreases in Èhe amount of Zn available to

plants. On the other hand, other workers found that Ín some instances,

high levels of organic matter in the soil rnay have some advantages.
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Follet and Llndsay (1-970), for s¡emple, suggested that hlgh levels of

organic matter in surface soils were, at least Ln certain instances

responsible for the greater availability of zn in such soils.

Stevenson and Fitch (L986) reported that ln instances fn which soluble

complexing organic aclds were present in appreciable emounts the

concentration of polyvalent catlons in soil solution was significantly

hfgher. consequently, the movemenÈ of such cations in the soil was

increased. some researchers have fndicated that an increase ln

movement of Zn resulÈs in a greater contact between plant roots and the

zn fertilizer and Èherefore promotes the availability of the zn

fertilizer to plants.

Stevenson and Ardakani (1972) compiled a detailed revier.r on react-

ions between micronutrients and organic matter in soils, from which

they concluded that soluble Zn-organic matter complexes were mainly

associated with amino, organic and fulvie acids, while ínsoluble

organie Zn complexes were mainly derived fron hunic acids. Hodgson et

al. (1966) estimated that about 60 percent of the soluble zn ln soil

solution occurred in the form of soluble Zn-organic matter complexes.

Randhawa and Broadbent (L965a, 1965b) found that strongly bound zn

represented less than one percent of the total âmount of Zn retained

in the soils studied.

2.r.4. solid Phase Reaction products of Zn Fertilizers in soir"

The knowledge of Ëhe various reaction products formed aÈ the site

of application of Zn fertilizers, as well as the various factors which

affect their solubility in soils is fundamental to a better
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understandíng of the factors affecting plant avallabillty of Zn fron

banded Zn fertlLlzers.

Various studies have been conducted to characÈerlze Èhe solfd
phases of banded Zn fertilLzers in terms of their solubilicy products

(MorÈvedt and Giordano 1969). Such lnforrnaEion 1s obvlously quite

imporËant in the predlction of the amount of Zn In soil solution for
banded zn ferÈilizers. Kalbasi et al. (L97gb) found that when

inorganíc Zn fertilizers were applied to a noncalcareous soil the uain

reaction product detected was Zn(oH)r. on the other hand, rrhen such

fertilizers v¡ere applied Èo a calcareous soil ZnCO" and/or ZnCOI(OH)o

were the main solid phase reacÈion products formed. In both cases the

solubility of the respective reaction produets deereased ¡narkedly wÍth

increase in pH (Jackson et ar. 1962; Richards 1969; Kalbasi et ar.

1978b). Based on Èhese observations, Melton et al. (Lg73) concluded

that the eommonly observed Zn deficíeney problems in crops grown on

calcareous soils even when treated with inorganic Zn fertilizers was

a consequence of the decrease in the solubility of the various reaction

products due to hígh pH. Earlier, Bingham et al. (L964) using Èhe same

principles suggested that the retention of zn by cray soils in excess

of their c.E.c. could also be attributed to precipitatÍon of zn(oï),
in the clay system.

To date, no solid phase reaction products have been detecÈed when

organically complexed Zn fertilizers such as Zn-EDTA are applied in a

band (Kalbasi et al. 1978b), suggesting that in such instances most of
the Zn was probably retained by mechanisms other than precipitation.

Nevertheless, it is quite reasonable to speculate that if che stabilitv
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of a particular Zn-chelate rras quite low in a gf.ven soil, amounts of

Zn ln excess of the adsorptfon maxima rnay be present in soil solution,

particularly in banded Zn fertilLzets. Therefore, under such sltua-

tions solid phase reactÍon products rnlght be expected to forn. Lehman

(1963) reported that this was found to be the case wlth Fe chelates.

The lnfluence of macronutrient fertll-1zers, particul-arly P on the

t¡¡pes of reactlon products formed, as well as thefr effect on the

solubility as well as plant avallabillty of Zn from lnorganlc Zn fertl-

lizers has also been recognized (Jackson et al. L962; Hossner and

Blancher L969; Giordano et a1. 197L; Kalbasi et al. 1978b). Binghan

(1963) as well as Mortvedt and Giordano (1969) found that In most cases

chernical reactions between the Zn and P fertilizers resulted in a

decrease in plant available Zn Ln soil solution.

Kalbasi et al. (1978b) found thaÈ the reactf-on producÈs formed

when ZnSOo and NH4H2PO4 were applied in a band in a noncalcareous soil

was Znt(POr,)z,t+HzO, but when applied to a calcareous soil the reactlon

products detected were Znr(PO,,)z.4HzO, NHoZnPOo and ZnCO.. Hossner and

Blancher (L969) reported that the quantity as well as the species of

Zn precipitating in the residues was markedly influenced by the pyro-

phosphate content as well as the pH of the MAP-Zn mlxture. According

to Slack et al. (1965) and Terman et al. (1966), the solubiliry of the

various reactíon products formed increased appreciably with decrease

in pH. Slack et al. (1965) also realized that the Èype of P fertilÍzer

applied with the Zn fertilizer had significant influence on solubility

of Zn in soils. They showed, for example, that polyphosphates

maintained a higher concentration of micronutrient in soil solution



than díd corresponding orthophosphates.

2.2. Factors Affectins Plant Avallabíl1tv of Zn Fertill-,zers

The ¡mount of Zn in soil solutlon that is readily available to

plants is usually very low, partlcularly in calcareous solls of high

pH (Hodgson et al. L966; Lindsay L972a; Racz and Haluschak Lg74>.

Therefore, additional zn ls often supplied to varlous crops uslng

commercial zn fertilizers. Plant avallabilÍty of zn from zn

fertilizers is controlled by varlous soil as well as plant factors.

However, the extent to which some of the factors are involved in

controlling the uptake of Zn by plants fron Zn fertilÍzers has not been

fully documented. such knowledge is fundamental to a better

understanding of the causes of Zn deficiency and methods of correcËlng

Zn deficiency probleurs in varÍous agriculËural crops.

2.2.L. Sources and Methods of Placement of Zn Fertilizers

Studies conducÈed to compare the effectiveness of various

organically complexed and Ínorganic zn fertilízers in supplying Zn to

various croPs have been r+ideIy reported. Different placement methods

f.or Zn fertilizers have a significant effect on the bioavailability of

applied zn. Therefore, appropriate placement methods are quite

essential in any attempt to enhance plant availability of organically

complexed as well as inorganic Zn fertilizers.

Brown and Krantz (]-966) compared the effectiveness of Zn-EDTA and

ZnSOo .7Hzo in supplyíng zn to corn plants. They found that when the

Zn fertilizers were mixed throughout the soil they rrere equally

11
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effectÍve ín supplyrng zn to corn plants, but when they were banded

Zn-EDTA was superior to Znsoo.THzo. They also showed that banded

Zn-EDTA was Just as effective as nlxing it throughout Èhe soil. Judy

(L967) conpared the bioavailabillty of zn fron Zn-EDTA and Znsoa.THzo

ferÈilizers Èo beans under field as well as greenhouse condltions, and

found that Zn-EDTA was more effective than ZnSO4.7H2O. Holden and Brown

(1965) conducted greerrhouse experlments in whlch they showed that

Zn-EDTA increased the concentratíon of Zn in alfalfa plants tvice as

much as ZnSOo.THzO when the plants lrere grol;n on a neutral soil and six

times as much as ZnSOo .7HzO when the plants rrere gro,,¡n on a calcareous

soiI. The Zn fertí1ízers were mixed Ëhroughout with the soíI. Butler

and Bray (1956), found that when Zn-EDTA was applied to a sandy soil

it aras very effective Ín increasing the concentration of zn in

ryegrass, on the other hand, they found that Zn-EDTA was not very

effective in supplyíng zn to the plants when it was applied to a clay

soil. A few reports in the literature have also revealed Èhat ln

certain instances organically cornplexed Zn fertilizers such as Zn-EDTA

were quite ineffective in supplying zn to plants when compared Èo

results obtained when equivalent amounts of inorganie Zn fertilizers

were applied to the plants (Miller and ohrrogge 195g; Elgala er al.

L978; SÍngh et al. 1986).

studies conducted in Manitoba under growth chamber as werl as

field conditions regarding the effectiveness of organically cornplexed

and inorganic Zn fertilizers, as well as placement ruethods l,rere

reviewed by Loewen-Rudgers et al. (1978). The studies showed that

mixing ZnSOo.TH1O throughout the soil was more effective ln increasing
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the concentratíon of Zn in blackbeans and barley shoots than banding

Èhe ZnSOo.TH1O with the seed, rvhich was more effective than sÍdebanding.

They also found that Zn-EDTA rsas about 2.5 t1¡nes more effectlve than

ZnSOo .7Hzo in increasing Zn uptake by blackbeans when Et,e Zn fertilizers
were nixed with the surface 15 cm of soil. McGregor (1972), in
greenhouse studies, found that when ZnSOa.TH.O was thoroughly nlxed with

a Zn deficient calcareous sofl, the concentratfon of Zn ln corn leaves

was significantly increased, whereas row banded Znsoo ,7H2o had little
or no effect on the concentration of zn ln the corn leaves.

rn addition to the large differences in bioavailability of
organically complexed and inorganic zn fertllizers, significant
differences were also reported among various organically complexed Zn

fertilizers with respect to their effectiveness in supplying zn xo

plants. Similarly, considerable differences in the effectf-veness of
various inorganic Zn fertilizers in supplying zn to plants were also

nof uncornjmon. Terman et al . (1966) , found thaÈ zn uptake from

inorganic Zn fertilízers by various grasses grown in the greenhouse

followed the order Znsoo.THzo ) zno > Zns. singh er al. (19g6) compared

the effectiveness of znsoo.7[zo, Zn-EDTA and a sodium based

Iígnosulphonate as sources of zn for bean plants grordn in a growth

chamber. The results obtained showed that when the Zn sources were

rnixed throughout Èhe soil, Znsoo.THzo and the lignosulphonate sources

of zn qrere more effective than Zn-EDTA in correcting zn ð,efíciency in
the bean plants. Biomass production was highest ln treatüents that

received ZnsOo.7Bzo, but the lignosulphonate source of Zn was mosc

effective in increasing the plant Zn content. Brorsn and Krantz (L966),
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found that Ra11p1ex-Zn, an organically cornplexed zn source was as

effective as Zn-EDTA, or reagent grade Znsoa.THzo, for correctlng Zn

deficiency in corn prants grown ln the greenhouse, when lt was nixed

wiÈh the soil. The effectlveness of Ra¡rplex-Zn relative to

Zn-EDTA was significantly decreased when lt was banded below the seed,

or placed 1n a point ln the sotl. Rasmusen and Brown (L969), showed

that Zn poryfravÍnold was superfor to Zn-EDTA as well as znsoa.THzo

when the Zn fertilizers were applied to beans as seed treatments.

SLudies designed to evaluate the effectiveness of organically

complexed and inorganic Zn fertilizers as sources of Zn to,plants gro!¡n

in nutrient solutions have aÌso revealed some interesting findings
regarding the form of zn absorbed by plants. However, the relevance

of such findings to actual soil systems probably requires further
investigaÈions. A review of studies conducted 1n nutrient solutions

clearly showed that organically complexed Zn fertil ízets such as

Zn-EDTA ltere not an effectíve source of Zn for plants grolJn in nutrient
solutions, when compared to prant availability of Zn from inorganic Zn

fprtilizers (Halvorson and Lindsay rg77). Miller and ohlrogge (195g),

for example, found that addition of chelating substances to a nutrient
solution containing the zn+* ion, resulÈed in a substantial decrease

in the absorption of Zn by corn as well as soybean prants from Ëhe

nutrient solution. on rhe other hand, Hirl-cottinghan (Lg57) found

that chelated forms of Fe were effectively absorbed by tomato prants.

He found that photoreduction was not an essential step in Èhe utiliza-
tion of Fe-EDTA by rhe planrs. DeKock and Mitchel (Lg57) concruded

that divarent metals such as zn# rrere more readily absorbed by plant
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roots in the ionic than in the chelated form, rvhile trlvalent lons such

as A1# and Cr# were preferentially absorbed by planL roots rchen ln

the chelated forrn. Sirnilar flndlngs were reported by I.IalLace et al.
(1955). Butler and Bray (i-956) found rhar when they added NaTEDTA ro

a fine sand sol1 Fe uptake by ryegrass plants was markedly increased,

whereas zrr*, cu* and Mn* uptake were not signiffcantry affected.

Halvorson and Llndsay (L977), concluded thats ln soils, chelatlon

probably only helped in the Èransport of zn xo plant roots, otherwise

plants normally absorbed the ionic form of Zn from soil soluËlon in

preference to the chelated form.

on the basis of the precedlng discussion, it was quite evid.ent

from most studies reviewed that regardless of che crop gror¡rrt banding

of inorganic Zn fertilizers such as ZnSoo.THzo resulted in very poor

utilization of zn from the fertilizer bands when eompared to

utilizaÈion of Zn by plants from organically complexed Zn f,erti]-izet

bands. rn most insÈances iÈ was also generally irnplied that the

greater availability of zn from banded organicarly complexed zn

fertilizers lras a result of greater movemenx of zn from organically

complexed zn ferËilizer bands when compared to zn movement from

inorganic Zn fertilizer bands, which according to most researchers

resulted in greater contacc between the Zn fertilizer and plant roous,

as a result of a larger volume of soil treated by the zn f.erxiLizet.

However, sone of Èhe sËudies revier.¡ed also showed that in certain

instances organically complexed Zn fertilizers such as Zn-EDTA were noE

very effective as sources of zn to plants, particularly when the Zn

iertilizer was rnixed throughout the soil (MorÈvedt and Giordano 1969;



L6

singh et al. L986). Burler and Bray (1956) and IJallace er al. (L957)

suggested that v¡hen such organically conplexed Zn fertllizers were

mixed with the soil some of the zn was probably retained by soil
constituents. However, the argument above fgnores the fact that the

Zn# íon derived from dissolution of inorganic Zn fertilizers rÍas

probably equally susceptibre to such retentf.on mechanlsms.

2 .2.2.

various N as well as p fertilizers are quite often applied

together with Zn fertilízers. According to Giordano et al. (L966), the

source as well as placement methods for both the Zn as well as the

macronutrient fertilizers were in some instances shown to have a consi-

derable influence on plant availability of Zn ferÈilizers, parÈicularly

the inorganic forms of Zn. The effect of various p fertilizers on

plant availabilixy and/or nutrition of Zn has been widely reported in

the literature, particularly with respect to the phenomenon popularly

referred to as PxZn interactíon (Bingham 1963; stukenholtz et aI. L966;

sharma et al. 1968; safaya L976; Nyaki 1981; Loneragan er al. L9g2;

singh et al. 1986; singh er al. 1988). Alrhough the mechanÍsn lnvolved

in the inËeraction has not yet been resolved it is quíte well

established from some of the studies reporÈed that in most lnstances

application of large amounts of P fertilÍzers resulted in significant

decreases in the effectiveness of inorganic Zn fertitizers. Simílarly,

various N fertilizers !/ere also found Èo have a significant effect on

plant availability of inorganíc Zn fertilizers. But, in most ínstances
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N fertílizers were found to erùrance the availabllity of inorganlc Zn

fertilizers to plants (Purnphrey et al. 1.963). Boawn er al. (L960)

found that the concentratlon of Zn Ln corn shoots as selI as Zn uptake

Irere significantly Íncreased when ZnSOa.TH2O was broadcast together

with (NH4)2so4 and rototllled to a depth of 20 cm. Morrvedt and

Giordano (l-969) also found rhar plant availability of zn from

ZnSOo.TH1O was significantly lncreased when the Zn fertllizer rüas

incorporated into NH4Nos granules. Punphrey et al. (1963) suggested

that N fertilizers promoted greater root growth as a result of errhanced

N nutrition. The higher Zn uptake obtained in Èreatments that also

received N fertilizers ÍIere therefore attrlbuted to greater contacÈ

between the Zn fertilizer and plant rooÈs. On the other hand, Giordano

et 41. (1966) suggested that the overall effect of N fertilizers on

plant availability of Zn fer:-íLi-zers was Èo íncrease the solubility and

therefore movement of Zn, whích also results in greater contact between

the Zn fertilizer and plant roots.

According to several reports in the literature, applicaÈion of

large amounts of P to the soil affected the effecËiveness of inorganic

Zn fertilízers largely through their effect on the concentraËion of

water soluble Zn in soil solution (BÍngham and Garber 1960; Binghan

L963; E1lis et al. L964; Morrvedr and Giordano 1969; Racz and Haluschak

L974). Large âmounËs of P were shown to decrease the concentration of

zn in soil solution. Karbasi er al. (1978b) found rhat rhe

concentration of Zn in soíl solutíon was slgnificantly deereased when

ZnsOo.THzo was applied together with NH4Hzpo4 fertilizer, when compared

to concentrations of zn in soils treated with Znso4.7H2o alone.
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The lnfluence of macronutrfent fertllfzers on plant avallabllfty
of Zn frorn organically conplexed and inorganlc Zn fertllizers varf.ed

conslderably. Boawn et al. (L957), for example, found that Zn uptake

by Red l'fexican beans was slgnlflcantly decreased when Znsoa.TH2o was

incorporaÈed into N P K fertilizers on a sandy loan soil. on the other

hand, when Zn-EDTA !¡as sÍrnllarly incorporated lnto the N p K

fertilizer, its effectiveness ln supplylng Zn to the beans was not

significantly affected. Mortvedt and Giordano (1969) found chat

Zn-EDTA was a very effective source of zn when it was applied to the

soíl alone as well as when ft was incorporated Ínto N P K fertilízers.
Mortvedt (1968) also found that forage yields in greenhouse experlments

were significantly increased when Zn-EDTA was incorporated into the

soil with ammoniated macronutrient fertilizers r¡hereas ZnSOa .7H2O ot

zno applied in the same manner Ïrere not as effective as zn-EDTA.

ZnSOo .7HzO ltas more effective in increasing Zn uptake by the corn plants

vhen it was applied alone than when it was incorporated into granular

ammoniaÈed fertilizets. Giordano and Mortvedt (1966) also showed that

application of ZnsOo alone was more effective in correcting zn

deficiency in corn plants than when Ít was incorporaÈed into NHaNo3,

NHo-polyphosphate, or concentrated superphosphate (csp) granules and

subsequently banded with the seed or mixed with the soil.

2.2.3. Concentratíon of Zn Ln Zn Fertiltzer Banrls

Generally, most Zn fertilizers are highly soruble ín water, but

when they are applied Èo soils, the soil fertiLizer reaction products

forrned rnay have a considerable influence on the concentration of Zn in
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soil solution. Tt^e Zn lon resulting fron dissolutlon of fnorganic Zn

fertilizers for example, lnteracts qulte strongly wlth varlous soil

constltuents through adsorption as sell as preclpftatlon reactions

(Binghara et al. L964; Holden and Brown 1965; Udo er at. 1970; Ghu l-9BB;

Shuman 1988). Kalbasl et al. (1978b) found that Zn concentratlons fn

soils treated with Zn-EDTA were signlflcantly higher than Zn concen-

trations 1n soils treated wlth Zns. Th"y also showed that zn

concentrations in noncalcareous soils treaÈed with ZnSOo.TH.O hrere

significantly higher Èhan Zn concentrations in calcareous soils treated

with similar amounLs of Znsoo .7H2o. zine concentrations ín soils

treated with ZnSO4.TH1O in combination with P fertilizer were signífi-

cantly lower than Zn concentrations ín soils Èreated with ZnSO4.TH.O

alone.

The solubility of various minerals in the soil, as well as

soil-fertilizer reacÈion products forrned when Zn fertilizers are added

to the soil is a pH dependent phenomenon according to the relation

Znz+ + Soil : Zn-Soil + 2H+ (Lindsay and Norvell 1969).

Therefore, at equilibrium

(Zn-Soil) (H+)2 : K
(zn**) ( soil)

where log K for the reaction was found to be -6.0.

Therefore, Lzn2*l 106[H+]2 which according to Lindsay and Norvell

(1969) represents the solubility of zn in soils. rt is quite obvious

from the expression above, that the solubility of Zn ln soils decreases

sharply as the pH is increased. Mortvedt et al. (L972) reported that

the solubílity of Zn in soils decreased 100 fold for each unit increase
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in pH. Thus, significant changes in the pH of sofl sorutlon wlrl
likely have a signífícant effect on solubility as well as plant

availabilíty of inorganic Zn fertlllzers since such changes will have

a profound effect on the amount of. Zn in soil solutlon. McGregor

(1972), for s>(¡mple, worklng wlth Manitoba soils of varyíng pH found

that zn uptate by flax and rsheat decreased rvith increaslng pH.

Chelated as well as inorganlc complexed forms of. Zn also consti-
tute an Ímportant fraction of water soluble forms of zn in soil
solution (Jurinak and rhorne 1955; Hodgson eË al . Lg67; Hodgson Lg6g) .

Hirnes and Barber (1957) suggested thaÈ in the presence of natural or

slmthetic chelating agents Èhe Zn# ion could be bound to the cherate

molecure ín such a way that to a large extent it is prevented from

interacting strongly with other soil constí,tuents, and therefore

increasing the amount of water soluble Zn in soil solution. The well
received success of chelating agents l-n enhancing Zn movement ín soils
is prirnarily attributed to their ability Ëo increase the concentration

of diffusible Zn in soíl solution.

According to soper et al. (1999) the utirization of zn by plants

from inorganíc Zn fertil ízers was closely related to the concentration

of Zn in Èhe fertilizer band. According to results obtained in their
studies, the utilization of Zn from inorganic Zn terxílizer bands by

blackbeans v¡as described by the expression

* zn ferxílizer urilized : L.oz - 0.22 rn [zn) (ppn of Zn added

to the fertilizer band) indicating that t utilization of Zn fron the

fertí1izer band decreased r.¡ith increase in the concentration of. Zn In
soil solution.
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Aecording Èo most reports avallable to date, it is generally

belíeved that lirnited root contact with banded inorganic Zn fertilizers

is probably the nost loglcal explanation for the low utlllzation of. Zn

from inorganic zn fertilizer bands (Brown and Krantz t966; Loewen-

Rudgers et al. 1978). on the other hand, studies regarding the uptake

of oÈher nutrients such as P from P fertlllzer bands suggest that some

of the arguments presented to support the linlted root contact theory

were not concrusive. Bullen (l-981), for s)<emp1e, found Èhat shoot dry

matEer yield, toËal P uptake and utillzation by soybean plants

i-ncreased as the síze of the phosphated band was decreased. He

attributed the results ro greater chemical availabílity of p in Èhe

smaller zones of P fertíIizer reaction. rf the utilization of. zn by

plants fron banded inorgani,c Zn fertilizers could be enhanced, banding

should be a reasonably well accepted rnethod of application of lnorganÍc

zn fertirizers. According to clark and Graham (1968) as well as

Akinyede (L978) it was quite evident that solubility of inorganic Zn

fertilizers lras significantly increased when such fertilizers !¡ere

banded, most likely due to the fact that the interacÈion between the

zrf+ ion and other soil constituents was appreciably decreased by

banding.

2.2.4. Movement of Zn

The value of nuÈrients to most plants depends on their accessibl-

lity to plant roots, which in turn is relared to their nobility in

soils (Barrows et al. 1960; Hossner and Blancher 1969; sinha and prasad

L977). Bray (1954) suggested that the area of plant nutrient depletion
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about a planÊ root depended on the mobilfty of the fon. Accordlng to

oliver and Barber (1966) and Elgawhary et al. (1970a and b) zn is

rnainly supplled to plant roots by diffusion and only to a very linited

exÈenË by mass flow. Therefore, since diffusfon is rargely a concen-

Ëratlon dependent phenomenon, factors which affect the concentration

of Zn 1n soil solutlon ¡v111 also affect the extenÈ of the diffusion

process. As discussed earller the Zn# ion interacts qulte strongly

with other soil constituenÈs such as clay minerals (EIIis et al . LgTo),

Fe and Al hydrous oxides (Kalbasi and Raez L97g) as werl as soíl

organic natter (Miller and ohlrogge 1958). consequently, in many

insÈances the movement of Zn in soils can be significantly affected by

such constiËuents. Clark and Graharn (1968) demonstrated that

diffusivity of zn from zncl-, fercilizer was highly concentration

dependent increasing almost linearly with increase in concentration of

zn in soil solution for all the soils tested. símilarly, Melton eÈ al.
(L973) found that r,¡hen Znsoo.THzo was applied to a calcareous soll the

"modified" diffusion coefficients obtained for Zn rvere about 50 fold

lower than the values obtained in acid soíls when similar amounts of

Zn were applied to both soils. The large differences in the values of

"modified" diffusion coefficients obtained for the two soÍIs vrere

Iargely attribuÈed to differences in the concentration of Zn in soil

solution.

singh (L914) sËudied the nigration of Zn# ions in two soils of

varying physical and chemical characteristics using soil columns. He

found that although a greater fraction of the Zn that was applied was

retained in the upper 3 cm, Zn moved to a depth of l-2 cm in Ehe soil
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that had a C.E.C. of 108.3 nnol kg-1 and 18 cn ln the soil with a

c.E.c. of 213.6 rnmql kg-1, when the two solls were leached with water

equÍvalent to l-200 -m of precipttation. He concl-uded that movement of

zn through the soils depended not only on the c.E.c. but also other

factors such as !¡ater flow rate, pH as well as inltlal Zn content. He

suggested that such factors had a signiflcant effect on the retentlon

of Zn in soils. Jurinak and Thorne (1955) found thaÈ when ZnCL2 utas

applied to the surface of a sllty clay so1I, Zn moved to a dÍstance of

less than 3 cm even when the soil was heavily leached. similarly,

Brown et al. (L962) found thaÈ application of zno or Znsoo.THzo to the

surface of a sandy loam or silt loam soil contained ln soil colulns

resulted ín a very limited movement of Zn fron the Zn fer:tlizers, even

when the soils !¡ere heavily leached. rn contrast, Barrows et al.

(1960) reported that surface applied Znsoo .7[zo was leached to a depth

of 46 cm in a Lakeland fine sandy loam soíl. Th.y also found that the

depth of penetration of zn frorn surface applicatíons of Znsoo .7[zo

increased with amounÈ of Zn applied and varied wÍth soil type. More

recent studies by singh and Abrol (1986) indicated that when Znsoo.THzo

was applied Èo the soil a major portion of the Zn acctrmulated in the

top 0 to l-0 cm depth.

The role of chelating agents in prornoting the movement of zn ín

soils has been wídely reporred (Hodgson et al. L967; Elgawhary et ar.

r970a; sinha and Prasad 1977). sinha and prasad (L977) showed rhar

chelating agents enhanced the rate of diffusion of Zn from the soil to

a simulated root to varying exÈents depending on their relative

effíciency to increase the concentration of diffusible Zn in soil
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solutfon. They found that Zn uptake by wheat increased llnearly wlth

increase Ín the concencration of soluble zn in soil solution.

Elgawhary et al. (L970b) conpared EDTA, HCl, an ¡mino acid nlxture and

glucose wíth respect to thelr effectiveness in enhanclng the transport

of Zn to a simulated root. The results obtained showed that EDTA

caused the greatest increase in the transport of Zn xo the sinulated

root.

The discussion presented above clearly suggests that the degree

of stability of Zn chelates in soils wíl1 likely have a profound effect

on the movement of Zn from organically conplexed Zn fertilizer bands

since more stable Zn chelates will result in higher concentratfons of

Zn in soil solution and consequently greater movement of Zn. According

to Halvorson and Lindsay G972) the pH of soil solution probably plays

the most important role in influencÍng the stabllity of Zn chela¡es,

since it has a remarkable effect on the equilibritrm relationships of

metal chelates Ín soil solution. The H+ ion can compete wíth the zn#

ion for the chelate molecule in cases where the equilibriurn constant

for the metal chelate is quite Iow, or can also dírectly affect the

concentration of other competing ions in soil solution. Lehman (j_963),

demonstrated that Èhe uretal chelate with the highest stability constant

with the chelating agent was the first to be chelated. Holden and

Brown (1965) showed that below a pH of about 6.5, Fe competed quite

effectively with zn for the EDTA molecule. But, at high pHs ca#

competed more favourably for the chelate. According to Norvell and

Lindsay (L969) the Zn* ion Ï¡as mosc effectively complexed by EDTA aÈ

pHs between 6.5 and 7.5.
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MacronutrÍent fertilfzers were also found to have a significant

influence on lnovement of Zn ftom Zn fertilizers. Mortvedt and Glordano

(L967) found Èhat the maximum distance of detectable Zn Eovement was

2.0 cm frorn NH.NO, granules, l-.5 c¡n from concentrated superphosphate

(CSP) and monoemmonium phosphate (MAP) granules and L.0 cm from

triemmoniun pyrophosphate (TPP) granules afËer one wk of f.ncubatlon

when ZnSO4.7H2O fertilizer was applied with the respective macronutrient

fertilizers. The distance of movement increased very slightly after

8 wk of incubation. They also showed that the distance moved by uhe

Zn in limed soils after l wk and 8 wk of incubation lras 1.0 cn and 1.5

cm, respectively, for all macronutrient fertilizer treatments. Melton

et al. (1973) showed that when high rates of KH,PO4 were applíed

together with ZnSO4.TH1O the resulËing "modified" diffusion coefficients

for Zn were relatívely low since the concentration of diffusible Zn was

significantly decreased, indicating that Zn movemenË from the ZnSOo .7HzO

was also decreased by high rates of the P fertilizer.

Various reports in the literature have indicated that in some

instances inorganic eomplex ions involving the Zn# ion and the other

ions can also significantly enhance the movement of Zn from ínorganic

Zn f.erxlIizers, as a result of increasing the concentration gradient

of diffusible Zn in soil solution (Jurinak and Thorne L955; Hodgson et

aI. L967). Such situations were occasionally experienced when

inorganie Zn fertilizers were applied in a band together with

(NH4)2504. Lindsay (I972b) suggested that Èhe presence of large amounts

of the SOo= ion in the ferËilizer band resulted in the fornation of

ZnSOo (aq) which was neutral and quiÈe stable, and !¡as therefore
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thought to account for the greater movement of Zn from such treatments.

On the other hand, Cotton and llílkinson (L962> indicated that when

(NH4)2so4 was added to lnorganre zn compounds a Zn(NHs)¡# complex could

also form. Jurinak and rhorne (1955) compared the dlstance moved by

the Zn# ion, zincaËe ion (Zn(oH)o=) and Zn(NHr)o* by diffusion and mass

flow in soil columns. They found that the zincate complex moved the

greatest distance (3 crn), whfle the Zn# lon and the Zn(NH3)a* cornplex

both noved to a depth of 2 em when the columns were leached with 47.2

cm of lrater. The differences in Ëhe distance moved by the ions was

attributed to the differences in sign of charge between the Zn ions.

Mortvedt et ar. (1972) reported that the effect of Zn(NHs)a* complex in

increasing the solubility of zn in soils at pHs berow 6.5 was negli-

gible. Therefore, they concluded Èhat unless the pH of the soil

solution was quite high the distance moved by such a complex was also

very limited.

Lastly, it should also be noted that soil moisture content as well

as bulk density were also found to have a significant influence on the

diffusion of zn in soils (warncke and Barber L972a and L972b). They

reported that increasing the soÍI rnoisture content made the path of

diffusion less tortuous and therefore increased the diffusíon of Zn.

They also found that soil moisture content may also have a significant

effect on the concentration of the Zn# lon in soil solution which, as

discussed earlier, is also an important factor controlling the

diffusion process. The bulk density of a soil is normally very elosely

related to the water holding capacity of the soil. Therefore, the

effect of bulk density on apparent diffusion may also be related to
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soil moisture content. I.Iarncke and Barber (Lg72b) found that the

aPParenÈ diffusion of Zn increased as bulk density was lncreased from

1.1 to 1.5 g cn-3. However, as the bulk density was increased further
fron 1.5 to 1.6 g cm-3 there Iras a sharp decrease in apparent diffusion.
They attributed the decrease ln the coefficient of dlffusion as the

bulk density was increased fron 1.5 to L.6 g c¡o-3 to an increase in the

degree of interaction between the Zn# íon and the soil constltuents as

well as an increase in tortuosíty.

2.2.5. Root Accessibiliry to Zn in Zn Fertilizer Bands

Limited accessibility of plant roots to inorganic Zn fertilizer

bands has repeatedly been inferred in various research reports as one

of the most important facËors limíting the uptake of zn from the

fertilizer bands. (Pumphrey er al. 1963; Mortvedt and Giordano 1969;

Hedayat L978; soper et al. 1989). However, arthough there is
convincing evidence in the líterature to show that plant roots respond

in various v¡ays to the envíronment in their vicinity (Rios and pearson

1964; Foy et al. 1965; strong and soper r974a Lg74b; Brewsrer er ar.

r976; Bramey er al. 1983; cumbus 19g5) very limited or no direcr

evidence was avaílable regarding root growth habits (anount of roocs,

qualíty of roots, root distribution in the fertilizer reaction zone

ete) in relation to Zn uptake from Zn fertirizer bands. rt has been

demonstrated, at least with other nutrients such as p, that such

information was very useful in accounting for the large variability

among crops in their utilizatíon of P frorn banded P fertili zers.

strong and soper (L974a), for exampre, assessed the infruence of root
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development wÍthin the fertlllzer reactf.on zorte on utilization of

appried P for flax, wheat, rape and buckwheat. They found that rooÈ

systems of crops which recovered large amounts of P fron P fertflizer

bands or pellet-l1ke application (rape and buckwheat) proliferated

extensively within the reactlon zone of applied p. sinilarly, Brewster

et al. (L976) believed rhat the grearer abfllty of rape to extract p

fron soils low in plant avallable p appeared to be related to its long

and abundant root hairs ln such solls. On Èhe other hand, Blancher and

Caldwell (L966a and l-966b) showed that when the concentration of p in

soil solution was too high (>1000 pprn) the growth of corn roots ínto

MAP fertilízer zones was significantly reduced.

using a mathematical model, Bouldin (1961) demonstrated the

importance of root fineness (root surface area) ín nutrient uptake.

He showed that the flux per unit area of roots increased by a factor

of 10 as the radius of a simulated root was decreased from 5 x 10-2 cn

to 7.5 x lo-a cm (approximate radius of root hairs). The importance

of root surface area per unit weight of root in nutrient uptake by

plants was also emphasized by sornrner (1936), Bray (1954), Nye (j_966),

as well as Jeffrey (L967).

The ability of plants roots to modify the chemical environmenc

around them under certain conditions has also been widely accepted.

rn most cases, such effecÈs will obviously impact on the chemical and

most likely plant availability of various plant nutrients from the

soir, incruding zn. changes in chemical properties of the soil

solution may influence the forn and distribuÈion of plant roots in the

soil in ways which may affect the absorption of nutrients from the soil
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solution. Brov¡n et al. (1960) and Loneragan (L975) reported thaË some

plant roots had the abfllty to increase the concentration of chelating

substances around the rooË surface, which has a considerable fnfluence

on the concentration of plant nutrients in soil solution. Ihey also

showed thaÈ certaln planÈ roots had the abirtty to influence the

oxidation state of certain cations, ln order to make them more availa-

ble to plants. For instance, Brown et al. (j-960) found that certaln
plant roots promoted the reductlon of Fe# to Fe# which was found to

be more available to plants.

A few attempts have been made to account for differential Zn

uptake by various crops. unforÈunatery, most of the work reporÈed was

done in nutrient solutions. clarke (197g), for example, found that
different corn inbreds showed some obvious dífferences Ln Zn uptake

from a nutrient solution. He noted that there were appreciable differ-

ences in the amount as well as quality of roots recovered from three

inbreds, but was convinced that the variation in Zn uptake v¡as more

likely caused by differences in translocaÈion, utirizaËion and

requirement for Zn fot the Èhree inbreds, rather Èhan differences in
the amount of roots in contact with the nutrient solution. Carroll and

Loneragan (1969), reported more or less simirar trends in zn uptake by

eight differenÈ plant species, but their conclusion was slightly

different. They believed thaÈ the differences in the rate of Zn upËake

¡morg Èhe species studied were at least in parÈ responsible for the

differences in Zn uptake. Bar-yosef et al. (19g0) rsas of the opinion

that rooË permeability to !¡ater and ions was probabry the most

effective mechanism controlling Zn upÈake by plants.
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rn view of the above discusslon it is quite obvious that a know-

ledge of the behaviour of roots in Zn fertilizer bands nay be of great

agricultural signíficance, partfcularly when assesslng the role played

by plant rooÈs in the uptake of zn fron banded zn fertilizers.

2.2.6. Veslcular-arbuscular mvcorrt.lzae lvAl,l)

Reports in the llÈerature indlcate that lnfectlon of plant roots

by vesícular-arbuscular nycorrhizae can lmprove the supply of nutrients

such as Zn, cu, P and K to higher plants. such effects were reported

in barley (Jensen L982), soybean (pacovsky eÈ al. L9g6), wheat (Kucey

and Jansen 1987) and sorghum (Raju eÈ al. 19g7). cooper and Tinker

(Lg78) reported that vAì,I hyphae can readily transp or:- zn as well as

surfate to the host roots. Lambert et al . (1979) reported Èhat in

annual species, roots infected with VAì{ increased the uptake rate of

micronutrient cations such as zn and cu. pairunan et al. l9g0 working

with subterranean clover showed thaÈ roots infecÈed with VAl,f took up

more Zn than non infected roots.

In some instances mycorrhizal lnfection of plant roots was found

to ínfluence the interaction between p and zn. Hayman (197g) and

Tinker (1980) reporred rhar high levels of p in the soil inhibired

Ínfection of plant roots with vAll. As a result Zn uptake in such

treatments lras decreased. Lambert et al. (1979) found that increased

P supply decreased the concentration of Zn in soybean plants infected

with vAM, but hardly affected the Zn contenË of non infected plants.

Singh et al. (1986) found that roots of wheat plants treated 1¡ith high

rates of P contained significantly lower levels of vesicular-arbuscular



nycorrhizal (VAM) infection than the control. Th.y

high levels of Zn In the follage, graln and straw were

higher percent rnycorrhizal infection of wheat roocs.
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also found that

associated wlth



3.0.

3.1.

Soil pH was determlned potentiometrlcally by the neËhod descrlbed

by Peech (1965). Fífty rnl dtsÈllled warer was added ro 50 g aj-r dried

soíl and shaken for 30 nin. The pH of the suspension was then deter-

mined using a Fisher Accumet 825 l.fP pH rneter.

GENERAL ANALYTICAL METHODS FOR THE SOILS USED

Soí1 Solution nH

3.2. Conductivity

The electrical conductivity of the suspension used for the pH

determínatí-on was determined using a Radiometer conductivity meter type

CDM2d.

3.3. Inorganic Carbon

A 1.0 g sarnple of air dried soil was heared !¡Íth 40 ml 0.1 M HCl

for 10 min. The co2 evolved was drawn by suction through a drying and

adsorption frame consisting of concentrated H2so4, a tube of Mg(cloo)2

and caclr. The amount of C02 evolved was collected using an ascarite

absorption tube, and the inorganic carbon conËent \sas calculated from

the weight change of the ascarite absorption tube.
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3.4. DTPA-Extractable Zn

DTPA-extractable Zn was determined using the method described by

Lindsay and Norvell (1969) as modified by the Kansas Srate University

soil Testing Laboratory. A 25 g sample of air dried soil was treated

with 50 ml of DTPA (Diethylene-triaminepentaacetic acid) solution
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adjusted to pH 7 .3. The mfxture was shaken for two hours and then

filtered through llhatman No 42 filter paper. The concentration of Zn

in the filtrate was deternined using Perkin Elmer Model 560 Atonic

Absorption Spectrophotometer.

3.5. Organic MaÈter

Percent organic Eatter l¡as determined using the oxidatfon nethod

described by l{arkley and Brack (1934). one-half gram of soil was

oxidized using excess K2crro, in the presence of excess Hzso4. The

excess crror= was then back-titraÈed with FeSoo using a Fisher automatic

titrineter.

3.6. Field Capacity

Air dried soil was placed in acrylic cylinders neasuring 4.5 cm

in diameter and 20.5 cm in heighÈ. I,iater was slowly added to the

surface of the soil until one third of the soil was !¡etÈed. The soil

was allowed to stand for 48 h, the wetted portion of the soil sampled

and dried at 105c for 24 h. Moisture content was calculated and

expressed as a percent of oven dry soil.

3.7 . Particle Size

Particle size analysis was conducted using the stsandard pipette

method described by Kilmer and Alexander (1949).
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3.8. Partlcle Density and Air Filled Porosity

The particle densities of the sofls used in the chemical studies

v¡ere determlned using ühe method described by Blake (1965) with some

slíght rnodificati.ons. Afr filled porosfty of the soils after packing

of the soil columns lrere calculated as follows:

Air Filled Poroslty - t (L - BD/PD) x 1001 - 0

where BD : I,Iet Bulk Density

PD : Particle Density

0 : Volumetric iJater Content

and 0:BDxll

where lJ : Gravimetric Water Content.
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4.L. Introduction

SOLUBILITY AND MOVEMENT OF ZINC IN ZnCl^ eltO Zn-trnte

FERTÏLIZER BANDS

Placement of fertilízers ln a narrow band ln the soil (generally

referred to as banding) fs a ¡rldely reco-.ended nethod of applfcation

of various plant nutrients. However, several workers have shol¡n Èhat

Zn uptake by plants was very llurited when inorganic Zn f.erxíLizers such

as ZnCI, were banded. In contrasÈ, Zn upËake rras usually satisfactory

when organically eomplexed Zn fertilizets such as Zn-EDTA were banded

(Boawn L973; Loewen-Rudgers et aI. L978). Reports in the literature

suggest that Zn from Zn-EDTA fertilizer bands is more effecËive in

supplying Zn Eo plants than Zn from inorganic Zn fertilizer bands such

as zncl-, or Znsoo due to greater rnobility of Zn-EDTA in soils, which

results in a larger volume of soil fertilized with Zn (Boawn Lg73).

A greater volume of soil fertilized with Zn would result in greater

root to fertilizer conÈact enhancing zn utilization (soper et aI.

1989). However, very limited inforrnation lras available in the

Iiterature to show the extent of the differences in the movemenÈ of Zn

from organically complexed and inorganic Zn fertilizer bands when

applied to various soils.

N and P fertilizers applied with Zn fertilízers can influence the

uptake of Zn by plants from Zn fertilizer bands (Giordano and MortvedË

1966). Thus, in order to appreciate the role played by such ferti-

lizers in controlling the uptake of zn from zn fertilizer bands,

knowledge of the influence of some of the commonly used N and p

35
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fertilizers on solubility as well as novement of zn from organically

complexed and inorganic zn fertilizer bands is very inportant.

A study l¡as conducted using two different soils to:

(a) compare the solubility and movement of zn applied as Zncl2 and

Zn-EDTA fertlllzer bands;

(b) determine the influence of (NH4)2so4, ÀlH4H2Po4 and urea on solubf-

lity and movernent of zn applied as zncl, and Zn-EDTA fertilizer
bands.

4.2. Materials and Methods

4.2.L. Soils Used and Soil Column Prenararìon

The tvro soils used ¡¡ere obtained from the surface 10 cm of a

noncalcareous Stockton fine sandy loam of pH 7.2 and a calcareous

Almasippi loamy fine sand of pH 8.4 (Table 4.1). The soil columns

consisted of 20 acrylic rings 0.5 cm inheight and an ínternal diameter

of 5.08 cm. The ríngs were fitted together using standard electrician

tape. A perforated platform was attached to the bottom of the columns

to support the columns as well as to provide for adequate air exchange

at the bottom of the columns. Adequate aeration !/as also ensured at

the top of the columns by covering the top end of the column with

perforated parafilm.

Each soil was rnoistened to field capacity moisture content using

deíonized water, and then carefully packed into the columns to achieve

an air filled porosity of approximately 28 percent for both soils. To

achieve the above air filled porosity the wet bulk density for the



noncalcareous soil

calcareous soil was

4.2.2. Treatments

The treatments used in

1. ZnCl., Alone

was naintafned at L.22 E

maintained at 1.17 g cn-3.

2. zncL, + (NH4)2SO4

3. ZnCl, + Urea

4. ZnCI, + NH4H2PO4 (MAp)

Both Zn sources as l¡ell as the N and p fertilizers \¡¡ere applied

to the top of the soil columns as finely ground crystals or in powder

form. zn was applied at a rate of 40 mg zn column-l whire N and p were

added at rates of 229 mg N and 5g rng p column-l. Application rates

were calculated to reflect band concenÈrations which may occur under

field condiÈions, and were equivalent to a fertilizer band wídth of
2.5 cm, a band spacing of 36 cm and a field appllcation rate of 16 kg

Zn ha-l, 80 kg N ha-1 and 20 kg p ha-l.

The soil columns, duplicated for each treatment, !¡ere incubated

for a period of 2 wk in a controlled environment room au a Èemperature

of 20 + 1c and a relative humidity of, or crose, to l0o percent. The

high relative humidity was essential to minimize evaporative losses

from the column surface.

After incubation the soil columns lrere sliced into 0.5 cm sectÍons

using a sharp knife. An 8.0 g portion of the wet sample from each

section was placed in a 50 ml centrifuge bottle and the remaining

portion was placed in moisture tins for determination of gravirnetrÍc

the study lrere:
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cn-3 ¡shlle that of the

5. Zn-EDTA Alone

6. Zn-EDTA + (NH4)2SO4

7. Zn-EDTA + Urea

8. Zn-EDTA + NH4H2POr, (MAp)
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moisture content. sixÊeen ¡nl of deionlzed water was added to the

8.0 g sample. The sanples were shaken for t h and then centrifuged at

L0,000 rpm (13,000 c) for 20 min. The pH of the supernatant was

measured, the suspensions filtered, and the concentration of zn in
solutÍon measured using an AtomÍc Absorption spectrophotomeËer.

Since all treatments were duplicated, results for pH and

water-soluble Zn concentrations were averaged. Differences between

dupricates for pH rneasurements !¡ere usually less than 0.1 pH units.

Deviations from the mean for water-soluble Zn concentrations rrere

approximately 10 to 15 percent. '

Table 4.1.

Soil Characteristics

Some Physical and Chemical Characteristics of the Soils
Used.

pH (1:1 soil : HrO) 7.2

Inorganic Carbon (t CaCO, Equivalent) 0.2

Organic Matter (t) 3.3

DPTA-Exrr. Zn (ug g-1) 2.I
Fíeld Capacity Moisrure Conrenr (t) 19.0

Particle Densiry (g .*-t) 2.49

i,Iet Bulk Densíry (g .*-t) L.22

Air Filled Porosity (t) 27.8

Texture FSL

Stockton
Soil

(Orthic B1ack)

Alnasippi
Soil

(Gleyed Rego Black)

8.4

4.L

2.7

0.5

22.0

2.45

I.t7
28.3

LFS



4.3. Results and Dlscusslon

4.3.I. SolubilÍty of Zn in rhe ZnCl^ Fertllizer Band

The solubÍlity of Zn as affected by varlous fertLLl,zer treatments

for each soil was expressed as Èhe total ng of Zn extracted by water
fron the entire soil colt¡mn (Tables 4.2 and 4.3). Amounts of
e/aÈer-extractable Zn In the ZnCl, fertllfzer band rcas much greater in
the noncalcareous than in the calcareous soll. The amounts of water
soluble Zn vete very much higher ln Èhe noncaLcareous soil than in the
calcareous soil except for the treatments containing urea in which

amounts of soluble Zn were only two fold greater Ín the noncalcareous

than in Ëhe calcareous soil.

The difference in the solubility of Zn between the soils ís 1ikely
a function of the reaction products formed. According to Kalbasi et
ar. (1978b) Èhe concentration of zn in soil solution for a

noncalcareous soil Ís controlled largely by the solubirity of zn(oï)2,
whích decreases as the pH is increased. on the other hand zn

concentrations in soil soluÈion for a calcareous soil was conErolled
by the solubility of znco, and/or Znr(co.)r(oH)0, whieh were found to
be the main reaction products formed when an inorganic Zn fertilizer
was applied to a calcareous soil. Therefore, the low concentratlons
of zn obtained rrrhen zncl, !¡as applied to the calcareous soil rray

largely be attributed to precipitation of zn as znco, and/or
Znr(CO3) 2(OH) o.

Addition of N or P fertilizers had very large effects on solubility
of zn in the zncL, ferrilizer bands (Tables 4.2 and 4.3). The

solubility of Zn in the ZnCl., fertilizer band r.ras greatly errhanced in
both soils by the addirion of (NHo)rSoo. The slightly lower pH

resulting from addition of (NH4)zso4 to the znc!, fertilÍzer band nay

partially explain the higher Zn concentrations obtained in the

39



Table 4.2. Effect
Zn (ng

N or P Fertilizer

of Zn, N and P fertllfzers on total
colunn-l) - Stockton FSL.

None

(NH4 ) 2S04

Urea

NH4H2P04

Table 4.3

40

water soluble

Zn Source

ZnCL,

Effect of Zn, N

Zn (mg column-1)

N or P Fertilizer

0.8s

4.3I

0.27

0.40

None

(NHA ) 2SO4

Urea

NH4H2PO4

Zn-EDTA

and P fertíLizers on total water soluble
- Almasippi LFS.

39

28

24

22

Zn Source

ZnCI,

0.04

0.28

0. 14

0.01

Zn-EDTA

37

4L

42

45
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noncalcareous soil wíth (NH4)rsoo (rigs 4.1 and 4.2). However, pH ln

the stockÈon soil changed only sllghÈly when (NH4)zso4 was added. rt

is also interesting to note that addition of (NHó)2so4 Ëo the znc].2

fertilizer band in the calcareous soil resulted in a slightly higher

pH compared to the pH obtaíned when Znclz was applied alone , let zn

concentration in soil solution was hlgher with (NH4)2Soa than wlthout.

This suggesÈs that factors other than Just the pH may have been

involved. The increases in solubilíty of Zn ín such treatment.s are

likely a result of increased lonic strength on the solubÍlity of the

precipitates formed and possibly complexation of Zn with NH.. At high

pH values Zn forms quite stable tetrahedral as well as octahedral

eomplexes with NH, (Mortvedt er al . 1972).

AlËhough there was a large decrease in pH due to addition of

NH4H2PO4 to the zncl, fertilizer band, 1ow eoncentrations of zn in soil

solution were obtained when NH4H2PO4 was Íncluded. The low Zn concen-

trations are probably due to the formation of zrNH4po4 which was

reported to be the reaction product formed when NHoHrpoo was applied

with an inorganic Zn fertilizer (Kalbasi et al. l-978b). The znNH4po4

was found to be less soluble than Zn(oH)2 or ZnCo, at pH values normally

encountered in neutral and calcareous soils.

Addition of urea in the ZnCI, fertilizer bands resulted in a large

increase in pH for both soils. The pH increased from about 6.0 to 9.0

in the noncalcareous soil and from about 8.0 to 9.0 in the calcareous



10.0

9.5

9.0

8.5

8.0

o--o--o--cÌ-û-o
*_O-..o.

r
o_ 7.5

7.O

6.5

6-0

trtr

5.0

o--o-
E.

0.0

o Zr€,1?

^ Zr{tz
a 7rE1?

x 7:El?

FÍgure 4.1. Effect of Zn, N and P fertílizers on pH of soil
solution - Stockton FSL

f .0 2-o 3_0 4.0 5-0 6-0 7.0 8.0 9.0 t0.0Distorrce from oppl icotior¡ site (cn¡)

Êlone

+ (NH4)2SO4

* Ureo

+ MRP

t0-0

9.5

9.0

8.5

B-0

ã /-5

-tñ

6.5

6.0

5.5

c.u

42

0.0

Figure 4.2.

r.0 2.0 3_0 4.0 5.0 6.0 7.0
D istc.-ce f rom opp I icot i on s i te

Ef f ec f of 7.n ì'l and P f ertilizersULL t

sol-utioc - Almasippi LFS

o ZnCl2
a ZnCl',

s 7nCt2

x TnCl?

Êlone

+ (NH4ÞS04

f Ureo

+ MÊP

Q ñ o o rñ ^V.V V-U ¡U-U
(cm)

Õn nH ôf qôl I



43

soil (Figs. 4.L and 4.2). The solubllity of zn ln the noncalcareous

soil decreased when urea was added to the zncl^, fertillzer band. rf

the concentration of zn in soil solution rgas controlled by the

solubility of Zn(oH)2 orie would expect the high pH Ëo decrease the

solubility of zn ln the fertilizer band. In this lnstance the very

large change in pH fron pH of 6.0 to 9.0 nay have countered the effects

of ionic strength and complex forrnation between Zn and NH3 on solubi-

lity. The solubility of Zn in the calcareous soil was greater wlth

urea and zncT, than with zncL, alone despfte lncreases 1n pH. Additíon

of urea and the high pH would also favour increases in cog=

concentrations which would have a common ion effect on the solubility

of compounds such as ZnCO3. In this instance complex formation between

NHr and Zn and increase in ionic strengËh probably more than offset the

decrease in solubility as a result of the increase in pH from about 8.0

to 9.0 and increased CO"= concentration.

4.3.2. Solubilitv of Zn in the Zn-EDTA Fertilizer Bands

Application of the various N and p fertilizers to the Zn-EDTA

fertilizer band resulted in a similar trend in pH as that obtained with

ZnCI, (Figs. 4.I, 4.2, 4.3 and 4.4). Addirion of NH4HzpO4 Èo the

fercilizer band resulted in the lowest pH near the siÈe of application,

whereas addition of urea resulted in the highest pH. As expected,

application of Zn-EDTA alone did not have as much influence on the pH

near the fertilizer band as did znclr, particularly when it was applied

to the calcareous soi1.
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Solubility of Zn ln the Zn-EDTA fertllfzer band was renarkabl-y

high in both soils when compared to the solubillty of zn in the znc]2

fertilizer band (Tables 4.2 and 4.3). rt is also evidenr fron the

resurts thaÈ addition of the various N and p fertllizers had a

significant effect on the solublllty of Zn ln the Zn-EDTA fertilizer

band. The effects varied considerably beÈween the two solls used.

Solubility of Zn in the Zn-EDTA fertilizer band was sinllar for the tryo

soils wiÈh Zn-EDTA alone. However, when N and p fertilizers hrere

included in the ferÈilizer band the solubílity of zn in the non-

calcareous soil vTas approximately 32 to 51 percent lovier than the

solubilities obtained in the calcareous soil.

Zínc solubility increased for the calcareous soil whereas Zn

solubility decreased in Èhe noncalcareous soil vhen N or P fertilizers

were added. Addition of NH4HTPOo xo Zn-EDTA for the noncalcareous soil

resulted in the lowest level of water soluble Zn in the fertilizer

band, while the same P fertilizet \tas most effectíve in enhanci¡ng zn

solubility when applied to Ëhe Zn-EDTA fertilizer band for the

calcareous soi1. The decrease in solubility in the noncalcareous soil

may be attribuÈed ro the effect of the NH4Hzpo4 on pH. The low pH (6.2)

resulÈing frorn addition of NH4H2PO4 rnay have decreased the stability of

Zn-EDTA complex. Norvell and Lindsay (1969) reporËed Èhat when Fe#,

ca++, Mg* and H+ were competing metal ions in soÍ1 solution, Zn-EDTA was

most stable at pH values of about 6.5 xo 7 .5, some of the ionic Zn

from the breakdown of the Zn-EDTA may have forrned the relatively

insoluble reaction product, ZnNH4PO4.
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Addition of (NHo)2SOo to the Zn-EDTA fertíl Lzer band lowered the

pH to about 6.5 in the noncalcareous soil, and therefore may have also

decreased the stabillty of the Zn-EDTA conplex. The resulting ronlc

Zn wourd therefore react with the soil, decreaslng its solubility.

Urea in contrast to the other fertilizer salts increased pH in the

Zn-EDTA fertilizer band Èo about 9.0. The very htgh pH may have

resulted in ca# and Mg* displacing zn from the Zn-EDTA conplex.

Lindsay and Norvell (1969) showed that Zn-EDTA decreased in stability

at high pHs in the presence of competing rnetal ions such as ca# and

Mg**.

Application of N and P fertilizer salts to Zn-EDTA fertilizer band

slightly increased the solubility of zn tn the calcareous soil. The

increase in solubility due to addition of (NH4)zso4 and NHoH2poo are at

reast in part due to a more favourable pH for sÈability of Zn-EDTA

(i.e. pH of 7.5 - 8.0) than with Zn-EDTA alone (pH 8.5). The reason

for the increase in solubility with addition of urea cannot be

explained on the basis of pH alone. The pH of the fertilizer band was

about 9.0 compared to a pH of about 8.5 with Zn-EDTA alone and

therefore Zn-EDTA should have been less stable with urea than without

urea. rt should be noÈed, however, that (NH4)zso4, urea and NHaH2poo are

soluble salts which after dissolution or in the case of urea, dissolu-

tion and hydrolysis form precipitates with calcium. Precipitation of

the calcir.m would decrease calcium concentration in soil solution and

thus reduce the competitÍon of calcium for the EDTA molecule. Thus,

the integrity of the Zn-EDTA molecule would be enhanced and the

solubility of Zn increased.



4.3.3. Movement of Zn ín the ZnCl" Fertílízer Band

Zinc movement from xi;.e ZnC1., fertilizer band was extreuely small

wheÈher x}i.e zncl, was applied alone or in combination wlth any of the

N or P fertilizers (Fígs. 4.5 and 4.6). The results suggest that there

ís a very strong interaction between the soil and the applied zn.

Although the extent of movement ín both soils was generally linited

(1 to 1.5 cn) it appears that the extent of movement was greater in

instances when Zn concentrations in the fertilizer band were relatively

high than in instances in which Zn concentrations were Iow. This

suggests that if the solubility of Zn in the ZnCI, fertilizer band can

be enhanced then a greater movement of Zn from the fertilizer band can

be achieved. In this study, (NH4)2SO4 rras most effective in enhancing

Zn solubility and hence the movement of Zn fron xlne ZnCL, ferxiLizer

band, particularly in the noncalcareous soil.

4.3.4. Movement of Zn in the Zn-EDTA Fertilizer Band

Zinc movement from the Zn-EDTA fertilizer band was considerably

greater than Zn movement from the zncr2 fertilizer band (Figs, 4.s,

4.6, 4.7 and 4.8). Generally, the extent of zn movement increased wiÈh

increase in solubility of zn in the fertiLizer band. rt ís evident,

for example, from Fig. 4.8 that the greatest zn movement in the

calcareous soil was obtained when NHoHrpOo was included. in the ferti-

Lizer band. Addition of NHoHrPo,, resulted in the highest solubility

of zn in the Zn-EDTA fertilizer band. sirnilarly, in the case of the

noncalcareous soíl, the greatest movement occurred when either Zn-EDTA

was applied alone or in combination with (NH4)zso4. As shown before,
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Ehe solubility of zn in the Zn-EDTA fertllfzer band was greatest

Ehese two treatments.

4.4. Summary and Conclusfons

The results obtained in this study

in the two soils used was greater in the

in the ZnCl, fertilizer band.

Addition of (NH4)2S04 to the ZnCL2 fertlllzer band resulted in a

five fold increase in the solubility of Zn in the fertilizer band for

the Stockton soil and seven fold increase in Zn solubility for the

Almasippi soil when compared xo znc12 applied alone. Apprication of

urea to the zncL2 fertilizer band decreased zn solubility ín the

noncalcareous soil but increased solubílity in the calcareous soil.

Addition of NHoHrPoo to the Zncl, band decreased solubility of zn ín

the fertiljzer band for both soils.

when Zn-EDTA was applied alone the solubility of zn in the ferti-

Lizer band was sinilar for both soils. However, when the various N and

P fertilizers were incruded the solubility of zn in Èhe Zn-EDTA

fertilizer band for the Stoekton soil was about 32 to 51t lower than

the solubilities obÈained in the Ahnasippi soil. AddÍtion of NHoHrpoo

in the Zn-EDTA fertilizer band resulted in the lowest solubility of Zn

in the fertilizer band in the Stockton soil, but was most effective in

enhancing the solubitity of Zn in the Aknasippi soil.

Zinc movement from tl:,e ZnCL, fetxiLizer band was extremely small

(1.0 - 1.5 cm) for both soils. (NH4)2SO4 \{as most effective in

enhancing Zn movement from the zncL2 fertilizer band in both soils.

showed that solubilitv of Zn

Zn-EDTA fertllizer band than

50
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Zinc moved to distances of about 3.5 to 5 cm from the Zn-EDTA fertl-

Lizer band, and movement was greater for the calcareous than the

noncalcareous soil. The greatest Eovement of Zn from the Zn-EDTA

fertilizer band was obtained ln the calcareous soil treated with

Zn-EDTA and NH.H2PO..

This study showed that greater uptake of Zn by plants frorn

Zn-EDTA fertilizer bands as compared to ZnCL2 fertilizer bands is due,

at leasË ín part, to the greater solubility andmovement ofZn from the

Zn-EDTA fertilizer band. These studies also showed that addition of

other fertilizer salts such as (NH4)2S04, urea, and NH4H,PO4 can alter

the plant availability of Zn from both Zn-EDTA and ZnCL2 fertilizer

bands due to their effect on solubility and movement of Zn from the

fertilizer bands.



5 .0.

5.1. Introductíon
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THE EFFECT OF ROOT TO ZINC FERTTLIZER CONTACT ON ZINC

UTILTZATION BY I{HEAT

Various reports in the literature suggesË that Zn uptake from

inorganic Zn fertÍllzer bands is usually very low due largely to

linited contact between plant roots and the Zn fn the fertillzer bands

(Brown and Krantz L966; Boawn L973; Loewen-Rudgers et al. 1978). The

IimiÈed contacÈ between plant roots and Zn in the fertilizer band is

believed to be due to the lirniËed rnobility of Zn from the fertilizer

band, which results in a very small voh¡me of soil fercilized with Zn

when an inorganic zn fertiLizer is applied. unfortunaËely, no inform-

tion was found in the literature which related the amount of roots in

contact with Zn in the Zn fertillzer bands to Zn uptake from the bands.

The amount of rooÈs recovered from fertilizer bands has been shown Lo

be quiÈe useful in accounting for the uptake of nutrients such as p

from P fertilizer bands by various crops (Strong and Soper L974a).

Therefore, it is quice possible that such information may also be quite

useful in assessing the importance of root Eo Zn fertilizer contact as

a factor which affects Zn uËllization by plants from Zn fertilizer

bands.

some researchers have suggested that if the movement of Zn from

inorganic Zn fertilizer bands could be enhanced, the uptake of Zn from

such bands could also be considerably increased, supposedly as a result

of a larger volume of soil treated rvith the Zn fertilizer. According

to the results obtained in the chemical studies reported in sectíon
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4.0, addition of (NH4)2so4 to zrrcLz fertilizer bands resulted in a

considerable increase in the concentration of Zn in soil solutlon as

well as a slightly greater movenent of Zn fron the fertflizer band.

Therefore, one would expect that Zn uptake from inorganic Zn fertll-1zet

bands should be erùranced by addition of (NHt)zso4 fertilizers to

Ínorganic Zn fertlllzer bands.

Pumphrey eü al. (l-963), reporÈed rhat addirion of (NH4)2so4 to

inorganic Zn fercilizer bands usually stimulates root growth into the

fertilizer band. Thus, (NH4)zso¿, may also enhance zn uptake from the

fertilizer bands due to increased root growth. However, there eras no

quantitative informatí.on in the literature on the effects of (NHo)rsoo

on root growth in Zn fertilizer bands.

Based on the above observations, a plant growth study was

conducted to :

(a) determine the effect of the amount of roots ln contact wíth a

ZnC1-2 fertilizer band on Zn uptake by wheat;

(b) determine Ëhe effect of adding (NHo)2soo to t]ne zncr" fertilízer

band on root growth and Zn uptake by wheat;

(c) determine the effecÈ of funnelling rhe plant roots through the

zncr, fertilizer band on root growth and zn uptake from the znc], ,
fertilizer band.

5.2. Materials and Methods

A llillowcrest fine sand

for the sËudy (TabIe 5.1).

horÍzon (0-15 cm depth), air

soil, low in DTPA-extractable Zn, was used

The soil !¡as collected from a surface

dried, crushed and sieved through a 2 mm



sieve.

Table 5.1.

Soil CharacterisËic

Sone physical and chernical characterlstlcs of the soil
used.

pH (1:1 Soil:HrO)

Inorganic Carbon (t CaCO. Equivalent)

Organic Matter (t)

DTPA-ExÈr. Zn (ug g-1)

Field Capacity Moisture Content (t)

Texture

Prior to application of the various treatments, 5000 g of air dry

soil used in each pot was thoroughly nixed with N, P, K and Cu ferÈi-

Iizers as basal treatments. These fertilizers lrere applied separately

after dissolution in dístilled delonized water at rates of 50 ug g-1

of P as KH,PO4 , 2OO ug g-1 of K as KH2PO4 and KCI and 5 ug g-1 of Cu as

CuSOo.5H20. For treatments in which (NHa)2SOo was also added to the

ZnCL, fertilizer band, 9.53 mg N cm-z was applied to the band, and the

remaining amount was mixed throughout the soil, to give a toÈal of

100 ug g-1 of N based on 5000 g of soil.

The main experiment was conducted in a completely randomized

design with 9 Ëreatments arranged as a 3 x 3 facÈoriaI, replicaËed 3

times. The treatments consisted of a control, ZnCT-2 applied alone,

and ZnCL, applied with (NH4)2S04. Each of the above treatments î/as

54
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applied to three different sizes of fertllizer bands. The size of the

fertilizer band was varied to obtain treatments in which the amount of

roots in contact wlth the fertlllzer band would be varled. The

different sizes of the tertlLlzet bands were formed using three

different sizes of acrylic cylinders, each 5.0 cm in helght, and open

at both ends. Ihe areas at the open ends were 2.86, L5.9 and 32.2 cmz

and the internal volumes of the cyllnders were 15.8, 80.7 and 163 cm3,

respectively.

One end of the cylinders was first covered using parafiln and then

filled r.¡ith soil that had been .treated with N, P, K and Cu. The

amounts of soil added to the srnall, meditrm and large cylinders were 20,

100 and 200 g, respectively. ZnCl2 dissolved in distilled deionízed

water was then uniformly applied to the surface of the soil in each

cylinder at the rate of L7.5 ng Zn cm-z. Volumes of ZnCl, solution

applied lrere proportional to the areas of the open ends of the

cylinders. The respective volumes of the ZnCL, solution applied to the

small, medium and large fertilizer band sizes were 4.0, 20,4 and 4I.2

ill, respectively. In case of treatments that also received (NH.)2S00

in the fertilizer band the rate of N applied to the fertiTizer band was

also maintained constant at 9.53 rog N cm-2.

The parafilm covering one end of the acrylic cylinders lras

carefully removed after application of the various Zn treatments and

the cylinders placed in the centre of the poÈs, approximately 3 cm

below the surface of the soi1. This was achieved by removing 2500 g

of soil from each pot, placing the cylinder containing Èhe treatments

on the surface of the soil remaining in the pot, and then replacing the



soil that lras removed from the pot.

5.2.L. Funnel Treatments

Along wlth the treatments described for the main experiment,

additional treatments were designed to deternine 1f Zn uptake froro the

ZnCL2 fertilizer bands could be enhanced by increasing the amount of

roots in the fertillzer band, which was achieved by funnellfng the

roots through the fertilizer band. Funnel shaped conÈainers were

constructed using sheets of thin Èransparent plastic, and a hole (about

2.5 cn in diameter) was cut at the bottom of the funnels (Fig. 5.1).

The funnels were connected to acryllc cylinders containing soÍl with

or without the Zn fertilizer. The Zn treatments consisted of a control

and either znc\, applied alone or in cornbination with (NH4)zso4, and

were applied using the same procedure as described for the main

experiment. Roots in the cylinders r¡¡ere determined and results

obtained for the funnel treatments were compared to results obtained

in treatments in which the Zn was applied to a similar size of

fertilizer band (2.86 cmz), but the roots were not funnelled through

the eylinders.
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5.2.2. Seedins and Maintenance

Ten wheat seeds (variety Colurnbus) uniformly spaced in the pots

were placed approximately 2.5 cm below the soil surface, and the soil

wetted to field capacity moisture content. Ten d after emergence the

plants were Èhinned to 5 plants per pot. The plants \{ere growrr in the

growth chamber for a period of 65 d. During the growing period Èhe
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NON F'T]NNEL TREATMENTS

Fig 5.1. Diagr¡rnm¿tic Representation

Treatments

of Funnelled and Non Funnelled
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plants lrere r¡atered uslng distllled deionlzed water. The soil also

received an additional 150 ug g-1 of N as (NH4)2S04 applied fn a spllt

application; 1-00 ug g-1 of N was applled 28 d after emergence and the

reuaining 50 ug g-1 of N was applled 49 d after emergence.

The plants lrere gro!¡n under 16 h of artificlal lighc and I h of

darkness. The temperature lras maintalned ax 22C during the day and 16C

at night. The relative hunldity ln the growth chamber was kept at

40 t during the day and 70 t at ntghr. The light lnrenslty close to

the plants canopy ranged from 500 to 550 trmoles m-2 S-1.

5,2.3. Harvesting

The plants \üere harvesÈed at the flowerÍng sËage by cuttÍng the

enËíre plant shoots at the soil surface leve1 using a sharp knife.

The samples were dried at 65C and weighed. The cylinders in the pots

vrere carefully removed by slicing off the soil and roots at the ends

of the cylinders. The cylinders containing the soil and roots were

then transferred to a 50 mesh sieve and the roots carefully separated

from the soil by washing the soil through the sieve. Ifhen the roots

were soil free they were dried at 65C and weighed.

5.2.4. Plant Tissue Analysls

Plant shoot samples !¡ere ground in a l.Iilley rnill and then

thoroughly mixed. A 1.0 g sample was pre-digested in 5 rnl HNO, and 2.5

ml 70 t HC1O4 for 30 min and then digested on a digestion block at 230C

until the solution in the digestion tubes turned c1ear. The samples

vrere cooled, transferred to 25 ml volumetric flasks and made up to



volume. The concentration of Zn in the digests

an Atomic Absorption Spectrophotometer.

5.2.5. Calculations of Fertlllzer Zn Uptake

The ¡mount of Zn in

fertilizer rras calculated

Fertl1-í-zer Zn Zn Uptake in
UpËake (ug) Fertilizer Treatment (ug)

Fertilizer Zn uptake per

cylinders was calculated by

Zn fertilizer by the mass

cylinder.

plant shoots that was

as follows:
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determlned using

5.3. Resrr'l ts anrl I)í scrrssí on

uniÈ mass of roots

dividing the ¡mount of

of roots recovered

s.3.1.

absorbed fron the Zn

Analysis of variance indicated that the main effects were

signifícant Índicating Èhat band sLze as well as zinc treatments

significantly affected root growth in the fertilizer band as well as

plant Zn content. The interaction between band síze and zí-ne

fertilizer treatments r¡¡as also significant, and therefore the

interaction effects are presented and discussed (Table 5.2).

Shoot dry matter yields were not significantly affected by

application of either ZnCI, or ZnCI, in combÍnation with (NHo)2S0a to

Effect of Zn Fertilizer Treatrnents anrl Síze of Fertí'l ízer Bnnrl

Zn

on Shoot and Root Dr-y Matter Yields

Uptake in Respectíve
Control (ug).

recovered from the

Zn absorbed frorn the

from the respective
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the snall or medium slze fertillzer bands (Table 5.2> . Shoot dry

matter yield was sfgnifÍcantly less with ZnCL2 Ín combínation wlth

(NH4),SO4 in the largest fertllfzer band than ¡yÍth ZnCL, and (NHo)rSOo

Ín the rnedium sized fertillzer band.

The âmounÈ of roots recovered from the medir¡m and largest

fertilizer bands was signiflcantly less wlÈh ZnCl2 alone and ZnCl, in

combination with (NH4)zso4 than without Zn fertlllzer (Table 5.2) . Root

growth vras also redueed when the Zn treatments !¡ere applied to the

smallest ferxTlízer band, but the decreases were noË significant.

Since the same amount of roots should have entered the cylinders

containing the Zn fertilizer as entered the cylinders withouÈ Zn, the

results show that the Zn ferxiLLzer bands were toxic to plant roots.

No reports $rere found in the liÈerature indicating that inorganic Zn

fertilizers applied as fertiLizer bands were toxic Èo roots.

Although no reports of Èoxicíty of Zn xo roots was found in the

literature, other metals have been shown to reduce root growth. A13+

toxicity, for example, to planË roots has been reported in nany acid

soils. Adams and Lund (1966) measured the grolrth rate of the prinary

roots of cotton plants growrr in culture solution conÈaining 413+ and in

acid soils of varying Ar contents. They found that the growËh of the

cotton rooÈs decreased as the molar activity of Al in the nutrient

solution increased. Pavan et al. (1982) found that coffee root growth

v¡as inhibited progressively by increasing 413* levels. Reduction in

root growth was best correlated to an increase in the activity of 413+.

Brenes and Perason (1973) demonstrated Èhat 413+ activity was a good

index of A1 toxicity for corn, sorghun lucerne and subterranean clover.
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Aecording to Foy (l-978) A1 injured roots were characteristfcally stubby

and britÈle. Root tips and lateral roots bec¡me thickened, turned

brown and lacked fine branching suggesting that such roots were very

inefficient in the absorption of water and nutrients.

Different plant species and varieties differ in their tolerance

to excess 41, and in several species tt has been shown that the

differences etere genetlcally controlled (Reld L971). Al tolerant

cultivars of wheat, barley, rice, peas and beans as well as corn

inbreds were found to increase the pH of their nutrient solution and

thus decreased the solubility and therefore toxicÍty of Al (Clarkson

L965; Klimashevskii and Berezovskii L973; Howeler and Cadavid L976;

Mugwira and Patel L977; Foy and Fleming L978). Bartlett and Riego

(L972) noted that A1 cornplexed with citrate, EDTA or soil organic

matter extract v/as detoxified for maíze whereas ioníc Al severely

injured the roots.

Mn and Fe toxicity to plants have also been reported in the

literaÈure. However, Mn toxicity affected the plant tops more severely

rhan the roots Foy (l-978). Millikan (1949) noted that excess Fe

resulted in stunted root growth which sho¡,¡ed large accr¡mulaÈions of

organieally bound phosphate. Plant specíes and genotyPes wíthin

species were found to differ in tolerance to Mn and Fe toxicity.

The reduction in root growth in the Zn fertilizer band is in

contrast to the results obtained with nutrients such as P and N.

Strong and Soper (L974a), for example, found that roots of flax, wheat,

rape and buckwheat proliferated extensively wiÈhin the reaction zone

of applied P. They also showed that the extent of root proliferation
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in the reacËion zone varied with plant species. Rape and buckwheat

showed the greatest root proliferatlon ín the fertf1-í,zer band. As a

result, such crops recovered larger amounts of P from Èhe fertiLtzer

band. Marschner (1986) reporÈed that root denslty of crops such as

barley increased severalfold fn zones where the concentration of

nutrients especlally N was htgh and this effect resulted in greater

plant growth and hígher yields. Thus, the results obtaíned in thls

study suggest that the toxicíty effects of Zn to plant roots nay be an

important factor límiting utilization of Zn by plants from inorganic

Zn fertilizer bands.

The amount of roots in the smallest and largest fertilizer bands

was increased when (NHa)2SOa was added to the ZnCI2 fertilizer band,

but the differences were not significant (Table 5.2) . The amount of

roots recovered from the medium size fertilizer band \úas not

significantly affected by additíon of (NHo)rSOo to the ferti1-izer band.

Therefore, application of (NH4)2S04 to t-tre ZnCL2 fertilizer band was

generally not effective in stimulating root growth into the fertilizer

band. Purnphrey et al. (1-963) suggested that N fertilizers promoted

greater root growth due to N nutrition, and that this effect was

largely responsible for greater Zn uptakes from inorganic Zn

fertilizers applied together wiÈh N ferÈilizers.

The amount of roots recovered from the fertilizer bands increased

almost proportionately with increase in the size of the fertilizer band

for treaÈments which did not receive Zn fertilizer (controls), as

expected (Fig. 5.2). On the other hand, the mass of roots recovered

from fertlIízer bands treated r.rith ZnCl, alone or ZnCI, in combination
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vrith (NH4)zso4 dld not Íncrease proportlonately wlth the size of the

fertilizer band. rn fact, the dlfferences in the masses of roots

recovered from the three band slzes were not slgnificant when ZnClz was

added (Table 5.2> . The lack of proportionate lncreases 1n root masses

v¡ith increase in the size of the fertsilizer band is likely due to

retardation of root growth as a result of toxlclty effects of Zn from

t.he ZnCL2.

5.3.2. Effect of Zn Ferxllizer Treatments and Size of Fertilízer

concentrations of zn in plant shoots as well as zn uptake were

significantly greater with zncl, or zncl, in combinaËion wirh (NHa)2soa

than v¡ithout Zn (Table 5.2>. Hor¡ever, the differences were not signí-

ficant v¡hen the Zn xreatments were applied to the smallest fertilizer

band.

Concentrations of Zn in plant shoots were significantly greaËer

\,¡ith (NH4)2s0a in combination vith zncl., than v¡ith znci" alone for the

largest fertilizer band size (Table 5.2). concentration of zn in plant

shoots treated with Zncl, in combinatíon with (NHo)2soa was only

slightly greater than with zncL, alone for the nedium and srnall

fertilizer bands. The higher Zn concentration in plants with

zncL, + (NHo)2soa than with Zncl2 alone was probably due in part to the

greater solubility of the Zn fertilizer when (NH4)2so4 was added.

Previous studies showed that (NH4)2so4 increased the solubility of zn

when applied to zncl, fertilizer bands. rÈ should be noted, however,

that increases in concentration of zn in plant shoots when (NHa)2Soa

Bands on P1ant Zn Content and Zn llntake
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was added xo ZnCl2 in the sma11 and largest fertilizer bands qras nearly

proportional to increases in amount of roots between treatments with

and without (NH4)2so4. Therefore, the hígher concentrations of zn ín

plant shoots treated with Zncl, in combination with (NH4)2s04 in the

largest and smallest fertiLizer bands may also in part be attributed

to greater âmounÈs of roots recovered from such treatments.

zínc uptake by plants was conslsËenÈry greater with zncl., in

combination with (NH4)2s04 than with Zncl, on1y, regardless of the size

of the fertilizer band. However, the differences were not significant

(Table 5.2) .

As expected, concentrations of zn in plant shoots and zn uptake

were similar for all treatments without zn fertíIizer (Fig. 5.3). The

concentration of zn in plant shoots as well as zn uptake were signifi-

cantly increased by increasing the size of the fertilizer band when

zncl2 was applied with or wíthout (NH,.)zSO,,. plant Zn content and Zn

uptake increased almost proportionately with the size of the fertil.izer

band, particularly when results for Èhe mediurn and largest fertilizer

bands are compared (Table 5.2 and Fig. 5.3).

As indicated earlier, differences among the arnount of roots in the

various ZnCL, fertilizer bands v/ere not significanÈ, but greater amount

of roots r.¡ere always recovered from larger bands than from smaller

bands. Fertilizer Zn uptake per unit mass of roots recovered from the

cylinders r,7as not significantly affected by increasing the size of the

fertilizer band (Table 5.3). Ferrilizer Zn uptake by plant shoots was

nearly proportional to the amount of roots recovered from the

fertilizer band (Fig. 5.4). Therefore, the higher concentrations of
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Table 5.3.

Size of
Fertillzer
Band

Effect
band on

of Zn fertilizer treatnent
uÈilfzation of applied Zn

Zn
Fertilizer
Treatment

Band Size I
(2.86 cm2)

Band Size 2 ZnCl, Alone
(15.89 emz) zncl, + (NH4)2s04

Band Size 3 ZnCL, Alone
(32.15 emz) zncL" + (NH4)zso4

ZnCI, Alone
ZnCL2 + (NH4)2504

68

and sÍze of fertilizer
fertillzer.

Fertilizer
Zn
Uptake

(ug pot-l)

'Duncans Multiple Range Test.
column are not significantly

Fertilizer Zn
Uptake Per Unlc
Mass of Roots

(ug rg-t root)

l-18 c1
191 c

711 b
764 b

L229 a
L429 a

2.LL a
3.25 a

3.07 a
4.23 a

4.3L a
3.15 a

Means with Èhe same letter within a
different (P:0.05).
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Zn and fertilÍzer Zn uptake by plants grolrn in the larger fertÍlizer

bands was due to greater âmounts of roots recovered from the vicinlty

of appllcation of the Zn fertilrzer. According to soper et al. (1999)

fertilizer Zn uptake from inorganic fertilizers increased markedly wlth

increase in volume of soil treated with the Zn fertilÍzer even when the

amount of. zn added remalned the same. They suggested that greater

fertilizer Zn uptakes from treatments in whlch the Zn fertlllzer was

mixed with larger volumes of soil was due to greater contact between

plant roots and the Zn fertilizer. Therefore, it appears that the

âmount of roots in the fertilizer band was the most important factor

affeeting fertilizer Zn uptake by the plants.

5.3.3. Effect of Funnelling Plant Roots Through the Zn Fertilizer

Bands on Shoot and Root Dry Matter yields

Shoot dry natter yields were usually significanÈly lower when the

roots were funnelled through the cylinders than when the roots were not

funnelled (Tab1e 5.4). shoot dry matter yields were not signíficantly

affected by application of zncLr, either alone or in combination with

(NH4)2SO4, regardless of whether or not the roots were funnelled through

the fertilízer bands.

The mass of roots recovered fron the fertilizer bands \das

increased 3 to 8 fold r.¡hen the roots were funnelled through the ferti-

Lizer bands (Table 5.4). Therefore, funnelling the roots through

the cylinders was very effective in increasing the amount of roots in

contact with the Zn fextilizer.
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Generally, the mass of roots was not signifÍcantly affechedby zn

treatments. Reductions in root uass dld occur (not signlficant) with

application of Zn, when rooÈs were no! funnelled through the fertiLLzer

band, presumably due to toxicity of the zn in che fercilízer band.

A visual expmination of the roots recovered from the various

treatments shorsed that roots recovered from the funnelled treatments,

íncluding the controls were usually very coarse when compared to the

roots recovered from the non funnelled treatmenËs. Thus, it vas

inferred that the surface area per unit mass of roots recovered from

Èhe fertilízer bands was decreased when Ëhe roots were funnelled

through the fertilízer bands.

5.3.4. Effect of Funnelling Plant Roots Through the Zn FertÍlizer

Band on Shoot Zn Content and Zn Uptake

The concentration of. Zn in plant shoots was similar for Ëreatments

without Zn (Table 5.4). on the other hand, the concentration of zn ln

plant shoots treated wíth ZnCL2 alone or ZnCl., in cornbination with

(NH4)2504 was signifícantly greater than that of plants without Zn for

both funnelled and nonfunnelled treatments. Plant Zn content was noc

signíficanÈly affected by Èhe applicaÈion of (NHa)rsoo Ëo xine znc'l2

fertilizer band whether or not the roots were funnelled through the

fertilizer band. Concentrations of Zn in plant shoots treated with

zncL, alone or zncL2 in conbination with (NHa)2Soa were significantly

increased when the roots were funnelled through the fertilízer band.
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Zinc uptake by plant shoots was significantly increased when ZnCl,

was applied alone, or in combination stth (NH4)zso4 for both root

treatments (Tab1e 5.4). Zinc uptake by plant shoots was always higher

with (NHo)2soa ín combination with zncL, than wiÈh zncL2 only for both

the funnelled and non funnelled treatments. But, the differences were

signíficant only when the roots rrere funnelled through the fertÍLizer

bands. The ¡mount of roots 1n the funnelLed treatments that received

znc]-, in cornbination with (NH4)zso4 was slightly lower than ¡mount of

roots in treatments that received zncL, only. Thus, it appears Ëhat

higher Zn uptakes by plant shoots in such Lreatments !¡as likely a

result of higher concentrations of zn in soil solution due to the

(NH4)2504.

Zinc uptake was not signifieantly affected by funnelling Èhe roots

through the cylinders when Zn was applied even though coneentration of

zn in the plants was posÍtively affected by funnelling roots through

the fertilizer band. The lack of an Í.ncreases in Zn upÈake v¡as due to

the lowering in yield of shoots l¡hen the roots were funnelled through

the fertil-izer bands (Table 5.4).

5.3 ' 5. Effect of Funnelling Plant Roots Through the Zn Fertilizer

Band on Utilization qf the Zn Fertilizer

The proportion of total amount of zn in plant shoots that was

absorbed from the Zn fertilizer was approximately doubled when roots

in treatments with ZnCl, only were funnelled through the fertilizer

band (Table 5.5). The proportion of total âmount of Zn in plant shoots

derived from the zn fertilizer was also increased from 33 * co 49 t



Table 5.5

Treatment

Effect of erùranced root
band on utilization of

NON FLTNNEL ZnCL, Alone

ZnCI, + (NH4)2SO4

F'I.]NNEL

contact with a
Zn from the Zn

Fertilizer
Zn
UpÈake

(ug pot-l)

'Proportion of total amount of
from the Zn fertilízer.

2Duncans Multiple Range Test.
column are not signifícantly

ZnCL, Alone

ZnCL, + (NH4)2504

ZnCL2 fertilizer
fertilizer.

Percentl
of
TotaI

118

119

L96

28L

6z

ab

ab

a

FerxiLizer Zn
Uptake Per Unit
Mass of Roots

(ng rg-t root)

74

(23.2 b)

(32 .8 ab)

(40. 3 ab)

(49 .0 a)

Zn in plant shoots that was derived

Means with the
different (P -

2.LL

3.25

0.46

0.72

ab

d

same letter within a
0.0s).

b

b
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when the roots of plants treated with znc], ln combination with

(NH4)zSO4 were funnelled chrough the fertiLlzer band.

Generally, the proportion of Zn in plant shooÈs derived frorn the

Zn fertilí-zer íncreased when (NHo)rSOo vas added to the fertilizer band.

However, the increases in Zn uptake from the zn fertilizer due to

addition of (NHo)rSOo to the fertilizer band were not significant.

Fertilizer Zn uptake per unit mass of roots in the fertilizer band

decreased approxímately 5 fold when the roots were funnelled through

the fertilizer band (Tab1e 5.5). However, the differences !/ere

significant only in treatments with ZnCL, in combination !rí.Ëh (NH4)rSOo.

These results show that the efficiency of the roots in the fertilizer

band with respect to the utilization of the Zn fertilizer was greatly

decreased by funnelling the roots through the fertilizer band.

5.4. Summarv and Conclusions

RooË growth was severely retarded within the zone of application

of a zncL, fertilizer band. rt was concluded Èherefore, thaË the Zn

fertilizer band was toxic to plant roots.

Root growth into the fertilizex band was only slightly increased

by application of (NHo)2Soo to the fertiLizer band. Adding (NHo)rsoo to

xL,e zncT2 fertilízer band usually slighrly enhanced Zn uptake by rhe

plant. The enhanced Zn uptake appeared to be due to slight increases

in root growth and increased solubility of the Zn fertilizer with

(NH4)2504.

Utilization of Zn by wheat plants from the fertilizer band was

largely controlled by the extent of root xo zn fertilizer contact.
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concentrations of zn in plant shoots as well as zn uptake fron the Zn

fertilizer aTere remarkably increased by increasing the size of the

fertilizer band or funnelling the plant roots through the fertiLj,zer
band.
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EFFECT OF CONCENTRATION OF ZINC IN ZnClo and Zn-EDTA

FERTÏLIZER BANDS ON ROOT GROI.ITH AND ZTNC UPTAKE BY T^IHEAT

6.1. Introduction

Resurts obtained frorn Èhe previous plant growËh study

demonstrated that when ZnClz rlas appl-ied to wheat as a fertiLizer band,

root growth within the zone of applicaËfon was severely reduced. rt

was concluded therefore, that xtre ZnCl.2 fertilizer band was toxic to

roots. There was no information in the líterature indicating that

inorganic zn fertilizers v¡ere Ëoxic to plant roots when applied as

fertilizer bands. There was also no information in the literature

regarding root growth habits in zones of application of organically

complexed Zn fertilízers such as Zn-EDTA.

Thus, studies were conducted on two l.Iillowcrest fine sand soils

and an Almasippi loamy fine sand soil to obtain additíonal inforrnation

regarding the influence of organically complexed and inorganic zn

fertilizer bands on root growth and zn uptake from the fertílizer

bands. Perhaps, such information may be very useful in accounting for

the large differenees in Zn uptake by plants from organically complexed

and inorganic Zn fertilizer bands.

The objectives of the studíes were:

(a) to determine the influence of concentraÈion of zn in Zncl2 and

Zn-EDTA fertilizer bands on root growth and Zn uptake by wheat;

(b) to determine the influence of ionic and complexed forms of Zn on

root growth.



6.2. Materials and Methods

6 .2.L

Three different experiments were conducted using three

different soils which were all low in DTpA-extractable Zn (Table 6.1) .

Plant Growth Studíes

Tab1e 6.1

Soil Characteristics

Sorne physical and chernical characteristlcs of the soils
used.

pH (1:1 soil : H2O)

Inorganic Carbon (t CaCO, Equiv.

Organic Matter (t)

DTPA-Exrr. Zn (ug g-1)

Field Capacity MoisÈure Content

Ilillowcrest
FS

The first experiment was conducted using the Almasippi soil to

determine the effect of ZnCl, and Zn-EDTA fertilizer bands and rate of

Zn applied on root growth and Zn uptake by wheat when the fertilizer

was banded into a calcareous soil. The soil was air dried and then

sieved through a 2 mm sieve. A 5000 g sample of soil was then placed

into each prastic pot. The soil in each pot was thoroughly mixed with

N, P, K and cu fertilizers as basal treacments. The rates of

application based on soil weighr were 100 ug g-1 of N as (NH4)2S04,

50 ug g-1 of P as KHrPOa, 200 ug g-1 of K as KHrpOo and KCl and 5 ,g g-t

78

7.0

) 0.2

2.t+

0.5

(t) 29./+

llillowcrest
FS

t.Y

1.0

2.4

0.6

2r.9

Almasippi
LFS

8.4

4.L

2.7

0.5

22.0



of Cu as CuSOo.5H2O.

The zn treatments consÍsted of the two zn fertillzers, zncL, and

Zn-EDTA applied at rates of 0, 0.63, L.26, 2,52, and 5.03 ng zn cm-?.

The various rates of. Zn were applled to the surface of soil contained

in acrylic cylínders. The cyrinders were 5 cn long and open at both

ends, with an area of 32.2 cmz at the open ends. The cyrinders were

first closed on one end rsith parafiln and then filled with 200 g of

soil which had been treated wfth N, p, K and cu as described before,

The various rates of zn were applied in 40 nl of a zncL2 or Zn-EDTA

solution, which was uniformly spread over the entire surface of the

soil in the cylinder.

The parafilm covering one end of the cylínders !¡as carefully

rernoved after application of the various Zn treatments, and the

cylinders placed approximately in the middle of the pors such that the

top surface of the cylinders was approximately 5 cm below the surface

of the soir in the pot. This was achieved by removing 3500 g of soil

from the pot, placing the cylinder containing the Zn treatmenÈs on the

surface of the soil remaining in the pot and then replacing the soil

thaË was removed from the pot. seeding, maintenance of plants during

the growing period, harvesting and handling of shooÈ and rooÈ sanples

r,ras similar to the procedures used for the first plant grovth study

(SecËion 5.0) .

The second experiment r.Ias conducted using a slightly calcareous

Willowcrest fine sand soil to determine the effect of a l¡ider range of

rates of zn on root growth and Zn uptake by wheat from Zncl, and

Zn-EDTA fertílizer bands. The experiment r¡as conducted on growth

79
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benches and all the Zn treatments vrere applfed to a fertlLl,zer band of

area 15.89 cm2. The rates of Zn applied were 0, 0.16, 0.63, 2.52,

5.03, and 10.06 ng zn cm-2. The ferttllzer band was fonned uslng

acrylic cylinders and uslng the seme procedures as descrtbed for the

first experíment. The soil was also prepared as descrlbed before.

Applications of the basal treatments, seedlng, malnËenance of plants,

harvesting and analysis of the plant samples were slmllar to those used

for the fírst experiment. However, since the plants were grorJn on

growËh benches, the temperature, relative hu¡nidity and light condiÈions

during the growing period qtere not as effectively controlled as in the

first experiment.

The third experiment was conducted using a noncalcareous

I,Iillor¡crest fine sand soil to evaluate the effect of limited

íncorporation of the ZnCL2 and Zn-EDTA fertllízers into the soil on

root gro!¡th and Zn uptake from the fertílizer bands. Incorporation of

the Zn fertilizers into a limited volume of soil was done in an atÈempt

to provide for a wider range of concentrations of Zn in the fertilizer

band, since results from the plant growth study condueted on the

srightly calcareous soil showed that when zncr, or Zn-EDTA were applied

to the surface of the soil in the cylinders, rates of zn as low as 0.16

mg zn cm-2 were still high enough to significanÈly reduce root growth

into Èhe fertilizer band. The experimenË was conducted ln the gror.rth

chamber in a completely randomized design. The procedures used in the

preparation of the soil, application of the basal treatments,

maintenance of the plants, harvesting and dígestion of Èhe plant

samples were similar to the ones described for Èhe first experiment.
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All the zn f.ertilizer treatments were also applied to acryric

cylinders, but instead of applylng the Zn solutlon to the surface of
the soil in the cyllnders the solution r¡as nlxed throughout the 200 g

of soil contained in the cylinders. In this experiment the cylfnder

with an area of 32.L5 cm2 at the open end l¡as used and the rates of, zn

applied were 0.02, 0.05, 0.10, 0.20, 0.40, 0.80, 1.60, and 3.2O mg Zn

cm ".

6.2.2. Deterrination of complexed and ronic Zn in soil solution

SoiI samples with the same treatmenËs as those used'in the plant

growth studies described above were incubated at field capacity

moisture content for a period of l-4 d and then the concentratíons of

complexed and ionie forms of Zn in soil soluÈion determined. For the

soils used in the first two plant growth studies, 460 g of soil was

placed in coh¡¡rns formed by fitting together two acrylic ríngs, each

2.5 cm high and 9.5 cm internal diameter using standard electrician

tape. One end of the column was closed using parafihn. The columns

had an area of 76.02 cm2 at the open end. Before Èhe Zn treatnents

were applíed to the cylinders, 56.2 and 55.7 rnl of distilled deionized

v¡ater !¡ere added to the calcareous and slightly ealcareous soils

respecÈively. zncL, and Zn-EDTA, each aÈ raÈes of 0, 0.63, L.26, 2.5L,

and 5.03 mg zn cm-? contained in 45 ml of Zn solution were uniformly

spread on the surface of the soil used in the first plant growth study

and rates of zn equivarent to 0, 0.16, 0.63, 2.52, 5.03, and 10.06 ng

zn cm-z were applied. to the soil used in the second plant growth study.

The additional 45 ml of solution increased moiscure content of the
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soÍls to fleld capacity moLsture content. The top ends of the columns

were then covered with perforaÈed parafllm to prevent rapid evaporation

at the soil surface as well as ensure adequate aeratlon at Èhe soil
surface.

After 13 d of incubation at room temperature the moisture content

of the samples for both soils was further raised to 27.0 t. Addttfonal

water was added to ensure that sufficlent water would be present in the

soils to provide an adequaüe amount of soll solution when the soils
were centrifuged. The samples weré then Íncubated for one more day and

a 1.5-cm slice of soil was obtained fron the surface of the column,

transferred to 250 ul centrifuge bottles and cenÈrifuged aË 10,000 rpm

(13'000 G) for 40 rnin. The supernatanË collecÈed at the surface of the

soil was decanted. The complexed as welr as ionic forn of zn in the

suPernatant were determined as follows: The supernatant was filÈered
and an aliquot taken and analyzed for total Zn concentration using an

Atorníc Absorption specÈrophotometer. A separate aliquot of the

supernatant was treated with NaoH and the precipitated inorganic zn

removed by filtration. The concentration of eomplexed Zn was then

determined in the filtrate using an Atomíc Absorption spectrophoto-

neter. The concentration of ionic Zn vas then obtained by subtraction

of the concentratíon of eomplexed Zn from concentration of total Zn.

This procedure was found Èo quantitatfvery separate ionic zn and zn

complexed r¿ith EDTA (Appendix A).

The same procedure as outlined above was used co obtain the

amount of ionic and complexed Zn in soil solution for the noncalcareous

soil used in the third plant growth study. However, for this soir the
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various rates of Zn (0, 0.02,0.05, 0.10, 0.20,0.40, 0.90, 1.60 and

3.20 ng zn cn-3) were applied fn 40 ¡nl of. zncL2 or Zn-EDTA solutlon,

and instead of applying the solution to the surface of soil in acrylfc

cylinders it was thoroughly nixed wirh 200 g of soil contained in 250

mI eentrifuge bottles. An addítlonal l-8.8 nl of distilled deionlzed

water was added to bring the soil close to field capaclty molsËure

content. The moisture content was further raised to 35 t, 24 h before

the samples !¡ere centrifuged.

6.3. Results and Discussion

6.3.1. Shoot and Root Drv Hatter Ylelds

Shoot dry natter yield for wheat was not significantly affected

by any of the Èreatments on any of the soils studied (Tables 6.2, 6.3,

and 6.4). In contrast, the amount of roots in the fertilizer bands was

affected by treatmenËs in many instances. The amount of roots in the

fertilízer band was not affected when Znclz was applied to the calca-

reous soil, regardless of the rate of Zn applied (Tabre 6.2). However,

root grovrth in the fertilizer band was significanEly less wíth Zn-EDTA

at a rate of 5.03 mg Zn cm-3 than without Zn. Root dry rnatter yierd

was also less with 5.03 rng zn cm-z as Zn-EDTA than with Zncl2 at rates

of 2.52 mg zn cm-z or less. Thus, Zn-EDTA l¡as toxic to roots when the

highest rate of Zn was applied to the calcareous soil.

Both Zn fertilizers reduced root growth in the fertilizer bands

when applied to the slightly calcareous soil even aÈ raÈes of Zn as low

as 0.16 mg cur-2 (Table 6.3). Amount of roots ín the fertÍlizer band

tended to decrease wiËh amount of zn added, particularly for the zncl,



Table 6.2. Effect of source and
dry matter yield and
(calcareous soil).

Zn Rate of Zn
Fertllizer Applied

(mg crn-2)

Control

ZnCl,

rate of Zn applled
plant Zn content -

0

0. 63
L.26
2.52
s.03

0.63
L.26
2.s2
s .03

ShooÈ DM

Yield

(g pot-t)

Zn- EDTA

84

on shoot and root
Alnasippl LFS

37.5 a

lDuncans Multiple Range Test.
column are not significantly

Root DM

YfeId

(ng cy1-1)

36. s
37 .8
39.4
39.6

40. 3
37.2
37 .7
38.9

é
a
d

a

626 aL

558 a
625 a
540 a
524 ab

522 ab
539 a
511 ab
403 b

Shoot Zn
Conc.

(ng g-1)

d

a

d

d

7.7 f.

8.4 f.
10.1 ef
10.3 ef
12.0 e

ls.9 d
23.0 c
31.1 b
39.7 a

Means with the same letÈer within a
different (P : 0.05).



Table 6.3. Effect of source and
dry matter yield and
(slightly calcareous

Zn Rate of Zn
Fertllizer Applied

(rng cm-z)

Control

ZnCL,

rate of Zn applied
plant Zn conÈent -
soil) .

0

0. 16
0.63
2.s2
5 .03

10.06

0. 16
0. 63
2.52
s .03

10.06

Shoot DM

Yield

(g pot-1)

Zn-EDTA

85

on shooÈ and root
I.Illlowcrest FS

l-9.5 a

Root DM

Yield

(ng cy1-1)

t_6.8
16.s
16.1
18.1
16.s

'Duncans Multiple Range Test. Means with the
column are not signÍficantly different (P -

zData for treatment not available.

d

d

d

d

208 a1

l-35 bc
118 bc
L25 bc
102 bc
84c

Shoot Zn
Conc.

(ng g-t)

L7.4 a
__2

19.3 a
15.8 a
L7.5 a

9.2 e

L25

r62
92

r43

1_3. 3

ls .1
L4.6
14. 8

2L.8

bc

ab
c
bc

e
e
de
de
d

9.8 e

31.5 c
46.4 b
69.0 a

same letter within a
0.0s).



Table 6.4. Effect of source and
yield - l.Iillowcrest

Zn
Fertilizer

Control

ZnCL,

86

rate of Zn applled on shoot dry maÈter
FS (noncalcareous soll).

Rate of Zn
Applied

(ng cn-3)

Zn- EDTA

0

0.02
0.05
0. L0
0.20
0.40
0. 80
1. 60
3.20

o.02
0.0s
0. 10
0.20
0.40
0. 80
1. 60
3.20

Shoot DM

Yield

(g pot-1)

lDuncans Multiple Range Test.
column are not significantly

40.3 al

43.4
41.0
40.3
44.4
40. 5
44.5
43.3
43.7

4t.2
42.3
42.4
40 .6
42.2
42.7
41. 5
37 .7

d

d

d

a
4

a
d

d

Means with the
different (P :

d

d

a

d

d

a
d

a

same letter within a
0.0s) .
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treatnents. The large reductions Ín amount of roots in the zncL2

fertilizer band was not evident in the calcareous soil when slnilar

rates of zn were applied to the fertlLlzer band (TabLe 6.2). Thus, the

data shows that root grovrth fn Zn fertilizer bands can vary consider-

abry with the source of zn fertlllzer used as rsell as the soir t¡rpe.

The effect of incorporatlng the Zn fertllizers into a llntted

volume of soll on masses of roots recovered from the Zn fet:-LLizer

bands Ís represented in Flg . 6.L (ExperimenÈ 3) . The aeount of roots

recovered frorn the fertilizer bands varied considerably with the source

as well as rate of zn applied. The two Zn fertilízers varied consi-

derably in the exÈent to which they affected root development in the

zn fertil-izer reaction zone. zn-EDTA was more detrinental to root

growth in the fertilizer band than Zncl, applied at similar rates for

virtually all rates of applied Zn.

Application of Zn-EDTA at rates as low as o.02 rng zn em-3 resulted

in a considerable reduction Ín root growth in the fertilizer band when

compared to the control treatment. The amount of roots in the Zn-EDTA

fertilizer band iniÈially decreased very rapidly with amount of zn

added and then remained relatively constant when more than 0.8 mg zn

cm-3 were applied (Fig. 6.1). Application of Zn-EDTA at rates greater

than 0.8 *g Zn em-3 resulted in about a 75 percent reduction ín root

growth in the fertilizer band.

In contrast to the daÈa obtained with Zn-EDTA, plants treated wÍth

0.2 to 0.8 urg Zn cm-3 as ZnCL, showed a slight root proliferation in

the fertilizer band when compared to the control treatment (Fig. 6.1).

Maximum root growth in xLre ZnCI2 fertilizer band occurred aÈ about the
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0.63 mg zn cm-3 rate. A sharp decrease in root growth in the zncL2

ferÈilizer band occurred when more than 0.g rg zn em-3 was applied,

A visual inspectlon of roots from all treacments rsas conducted

using a microscope (Figs 6.2a and 6.zb). Root branching was severely

reduced by all rates of Zn-EDTA, with decrease in branching being nore

evidenË at the high rates of zn. plants treated with Zncl, showed a

reduced branching only at the hlgh rates of applied, zn. rn addltlon

to reduced root branching, roots recovered fron treatments recelving

high rates of Zn as ZnC12 or Zn-EDTA consisÈed of thick rooÈs only and

thus the surface area per unit weight of roots in the fertilizer band

would be reduced substantially.

6.3.2. Concentrations of Zinc in plant Shoots

Zinc concentration in wheat plants gror¡Jn on the calcareous soil
$ras increased by application of zncL, and Zn-EDTA fertilizers (Table

6.2) . The concentration of Zn in the plant shoots usually íncreased

wíth amount of Zn added for both Zn fertilizers. The Zn content of
plants was significantly greaÈer when plants were treated with 5.03 mg

Zn cm-z as ZnCI2 than for untreated plants and plants treated with 0.63

mg Zn cm-z lTable 6,2). plant Zn content qras sígnificantly increased

by all rates of Zn applied as Zn-EDTA when compared to concentrations

of Zn in untreated plants. Plant Zn content was significantly higher

in plants treated with Zn-EDTA than plants Ëreated with zncr2,

regardless of the rate of Zn applied.

Both Zn fertilizers increased the concentration of Zn in planÊ

shoots, when they were applied to the srightry calcareous soil
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(Table 6.3). However, some of the increases were not statistlcally
sígnificant. P1ant Zn content also increased when Zncl2 or Zn-EDTA

were appried to the noncarcareous soil (Fig. 6.3). Zlnc content of
plants Srown on the slightly calcareous and noncalcareous soils

Íncreased vrith ¡mounx of zn added. rt is also qulte evidenË from the

results xhax Zn concentratf.ons 1n the plant shoots were much Ereaiuet

wíth Zn-EDTA than with Zncl, on the slightly calcareous soíl.
At very low rates of. Zn appllcatíon both Zn fertilLzets were equally

effective in supplying zn to the plant when applied to the noncalca-

reous soil (Fig 6.3). However, in contrast to results obtained on the

carcareous and slightry carcareous soils , zncl 
" 

rras more

effective than Zn-EDTA in supplying zn to the plants gror{n on the

noncalcareous soil when the higher rates of zn were applied.

6.3.3.

The concentrations of total Zn in the Zn-EDTA fertilizer bands

v/ere remarkabry higher than concentrations of zn in the zncL2

fertilizer bands for all the three soils, when the Zn fertilizers !/ere

applied at equivalent rates of Zn (Tables 6.5, 6.6 and 6.7).

Virtually all the water soluble Zn ín tt^e ZnC:^, fertilizer bands

existed in the ionic form l¡hereas considerable amounts of both the

ionic as well as complexed forms of Zn were present in fertilizer bands

treated with Zn-EDTA. The total amount of zn in soir solution

Íncreased with amounts of zncl2 or Zn-EDTA applied for all three soils.

The amounts of Zn in Èhe ionic and complexed forms both increased with

and Zn-EDTA Fertilizer Bands
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âmounts of Zn-EDTA applied to the fertilizer band for all three soils

and Ëended to co-vary with âmount of Zn-EDTA added.

It should be noted thaÈ the concentration of Zn Ln soil solution

of the calcareous soil treated l¡iÈh ZnClz was lol¡er than the concen-

tration of Zn in the soil solutlon of the slightly calcareous soil

treated with sinilar amounts of znc]-2 (Tables 6.5 and 6,6). The low

concentration of Zn in soil solution of the calcareous soil was likelv

caused by the high pH and larger amounts of caco, in the calcareous

soil (Table 6.1) . According Èo results obtained in studies reported

earlier, the solubility of zn ín zncL2 fertilizer bands was lower ín a

calcareous soil than in a noncalcareous soil. Kalbasi et al. (1978b)

also showed that the solubility of zn applied as Znsoo .7[zo was greater

in noncalcareous than in calcareous soils.

Concentrations of Zn in the Zn-EDTA fertilizer bands were also

affected by soil Ëype. concentration of zn in soil solutl-on was

greater for the slightly calcareous soil than for the calcareous soil

when equivalent raËes of Zn-EDTA were applied. The results suggest

that Zn-EDTA was slightly more stable in the slightly calcareous soil

than in the calcareous soil. These results are also consistent with

results obtained by Lindsay and Norvell (1969) and the results obtaíned

in studies reported in a previous section.
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6.3.4. Relations Among Root Growth. concentrations of Zn in plant

Shoots and Concentrations of Zn 1n Soil Solutíon

(a)

The amount of roots 1n the zncL, fertilizer band was not

signífícanÈly correlated to the concentratlon of Zn Ln soil soluLion

for the calcareous soll. A linear regression anarysís of the data

obtained showed that only 39 t of the variation Ín the mass of roots

in Èhe fertilizer band could be atÈributed to variations ín the concen-

tration of zn ín soil solution. rË should be noted that Èhe

concentration of zn in soil solution lras generally very low for

virtually all rates of zn applied except when the rate of Zn applied

to the ferÈilizer band was 5.03 mg zn cm-Z. Thus, the lack of a

significant response in root growth to varyíng concentrations of Zn in

soil solution was probably due to the low concentrations of. Zn in soil

solution.

rn contrast to results obtained wíttr zrrc1-2, the emesnt of roots

recovered from fertil-izer bands treated with Zn-EDTA decreased línearly

wíth total amount of zn in soil solution according to the relation

Alrnasip¡ri Loamy Fine sand soil (calcareous)

Root DM Yield (mg cyl-') - 590 - 0.07 Toral Zn (ug nl-1) (r2 * 0.g6"")

Therefore, high concentrations of Zn in the Zn-EDTA fertilizer bands

were toxic to roots. It should be noted however, that the

concentration of ionic and complexed Zn in soil solution co-varied

considerably with amount of Zn-EDTA applied to the fertilizer band.
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Therefore, it was difficult to deternine rshether decreases in rooÈ

growth with nmounts of zn-EDTA applied were caused by the high concen-

tratfons of ionic, complexed or both forms of Zn.

The 'mount of roots in the Zn-EDTA fertilizer bands rüere generally

slightly lower than amount of roots recovered frorn the ZnCi. 
" 
fertilizer

bands when equivalent rates of Zn were applied to the calcareous soil
(Table 6.2). Yet, concentratlons of Zn in plants ËreaÈed wlth Zn-EDTA

ltere remarkably higher than concentratíons of Zn 1n plants treated with
zncr2 at equivalent rates of zn. Zn-EDTA mafntained a rernarkably

higher concentratÍon of zn in soir solution t]nan zncLr. Thus, the

results clearly suggesË that Ëhe large differences in plant Zn content

with the xwo Zn fertilizers were due to the large differences ln the

solubility of the Zn fertilizers.

(b) Willor¿cresr Fine Sand Soil (slle.htly Calcareous)

The amount of roots in the zncr2 fertilizer bands was very poorly

correlated with concentration of Zn in soil solution for the slightly
calcareous soil (rz 0.38 NS). However, in contrast to resurts

obtained with the calcareous soil, all concentrations of Zn resulting

from application of Èhe various rates of zn were equally toxic to

roots ' Therefore, although the concentratLon of Zn in soil solutfon
increased with amounts of zncl., applied, the amount of roots recovered

fron the fertílizer band was not significanrly changed (Table 6.3).
Thus, it is not surprising that the anount of roots reeovered from the

fertilizer band was poorly correlated with concentration of Zn in soil
solution.
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The emes¡t of roots recovered fron the Zn-EDTA fertilizer band lras

also very poorly correlated wlÈh concentratfon of Zn ln soil solution
(r2 - 0.48 Ns). Thls effect ls also probably due Èo the fact Ëhat all
concentrations of Zn in soil solution resulÈlng fron applícation of the

various rates of Zn-EDTA rsere equally toxlc to roots. However, it
should also be noted that 1n this experiment large varÍations in plant
growth resulted from the lack of adequate control of envlronmental

condiËions during the growing period. These variations may have

affected the results obtained.

The amount of roots recovered from fertillzer bands treated with
zncr, v¡as not significantly different from the amount of roots

recovered from treatments that receíved Zn-EDTA regardless of the rate

of Zn applied (Table 6.3). Yet, there were marked differences in rhe

concentration of Zn in plant shoots when the xwo Zn fertilizers were

applied at equivalent rates of zn. concentrations of zn in plant

shoots treated with Zn-EDTA were always higher than concentrations of
zn ín plants treated with Znclr. Therefore, as indicaÈed earlier, the

results strongry suggest that high concentrations of zn in soir
solution are essentÍal for high uptakes of Zn from Zn fertilizer bands.

Zn-EDTA maintained a remarkably higher concentration of zn in soil
solution than Zncl, when equivalent amounts of. zn were applied to the

soil used in this study (Table 6.6) .

(c) I.Iillowcrest Fine Sand Soil (Noncalcareous)

Root growrh in ZnCL, and Zn-EDTA fertiLizer bands

assocÍated with concentrations of zn in soil solution.

was closely

when the Zn
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fertilizers were applied to the noncalcareous soil (Fig. 6.4).

A marked root proliferation occurred fn the ZnCL" fertilizer band

when the concentration of Zn ln soil solutLon was approximately 300 ug

m1-1 or less. Maxfmum root proliferatlon occurred rshen the concen-

tratlon of zn ín soll sorution ryas approxlnatery 50 to 150 ug n1-1.

A rapid decrease Ín the âmount as well as quality of roots recovered

from Èhe fertilizer band occurred when the concentratlon of Zn in soil

solutíon was higher than 300 ug rnl-l, when compared to the amounË as

well as quality of roots recovered from the conÈrol treatments. Thus,

the results show that high concentrations of ionic Zn in soil solution

were toxic to roots since virtually all the Zn in soil solution was in

the ionic form when zncr, was applied to the fertílizer band

(Table 6.7) .

Root growEh was reduced by virtually all concentrations of Zn in

soil soluÈion in treatments Ëhat received Zn-EDTA, when compared to the

amount of roots recovered frorn the control treatments (Fig . 6.4). The

amount of roots recovered fron the Zn-EDTA fertilizer band decreased

very rapidly initially with increase in concentration of Zn in soil

solution and then remained relatively constant when concentrations of

zn in soil solution were higher than 1600 ug rnr-1. Root growth into

the fertiLizer band was reduced by approxinately 75 t when the

concentration of zn ln soil solution was 1600 ug m1-1 or greater. The

quality of roots recovered from such treatments was also remarkably

dereriorated (Fig . 6.2b) .

It should also be noted that when the concentration of Zn in soÍl

soluËion was neither too high nor too low, the amount of roots



640

I

-],
C)

E)
È

E
õ
;
¡-,

8
È

5ô0

480

æ0

?10

tôc

8C

0¡.
0 203

640

FA¡

4æ, 60J Bm
Totol 7n in

101

Ztt,tz

3
I

5 a8i
c)

P ¿oc

: 3?c

Ë ?4J

p t63

rmo t?æ t4c0 t6cc, t8æ ?m3Scil Sotution (r.ç mt-l)

83

Figure

0r
0

6.4. Effecr of Èoral
drl.netrer yield

Bri f603 ?4n
Totol Zn in

ZnEDTR

so,TT",,Í,H ,,.ao'ff, ,, 55æ

arDount of Zn in soÍl solutÍon on roor- L'ÍLlor*,crest FS (noncalc"reous soil )



L02

recovered from the ZnCL, fertilizer bands was consistently higher than

the ¡rnount of roots recovered fron the Zn-EDTA fertillzer bands

(Fig. 6.4). Therefore, lt appears that in such instances Zn-EDTA was

more toxic to root growth Èhan Znclr. rt is also quite evident from

results presented in Table 6.7 that conslderable amounts of, Zn in soll

solution lrere present in the lonÍc as well as complexed form when

Zn-EDTA was appried to the fertiLLzer band. But, it vas difficult co

determíne whether the decrease in rooÈ gronth that occurred in the

Zn-EDTA fertiLízer bands was associated with the íonic, complexed or

both forms of zn since the two forms of zn co-varied considerably.

Concentrations of Zn in plant shoots increased with increase in

concentration of Zn in soil solution for both Zn fertilizers, again

indicaÈing Èhat high concentrations of zn in soil solution were

required for high Zn uptakes by the planrs (Fie. 6.3 and Table 6.7).

It is also important to note that in most instances concentrations of

Zn in plant shoots treated with ZnCIz vrere consistently higher than

concentrations of Zn in plant shoots treated with Zn-EDTA even when Ëhe

concentration of zn in soil solution was the same for both zn ferxi-

lizers. As indicated earlier, the emount as well as quality of roots

recovered frorn Ëhe ZnCI, fertilizer band in such instances was also

greater than the amount as well as quality of roots recovered from the

Zn-EDTA fertilizer bands. Thus, the results suggest that large amounc

of roots and high concencrations of Zn in the fertilizer band were

essential for high Zn uptakes by the plants.

The resurts of experiments reported in section 6.0 confirmed

results obtained in section 5.0 that root growth in Zn fertilizer bands
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can be reduced. Both ZnCl2 and Zn-EDTA when applled to small voltrmes

of soil at high rates (sinulated fertllfzer band) reduced root growth

as weII as root quality. rt should be noted that only two methods of

Zn application were used in these studies. Therefore, other methods

of application should be investigated Ëo determine íf. Zn linits root

growth in other t)apes of fertilÍzer bands.

Root growth ln fertilizer bands has been studied by strong and

soper (1974a) as well as Racz er al. (1964) using p ferrilízers. They

found that various crop species varied in cheir ability Èo prolÍferate

roots in the fertilizer band. Similar results were obtained in zorres

of applícation of high levels of N (Marschner 1986). Sínce various

crops varied in their abilities to proliferate roots in P as well as

N fertilizer bands it is reasonable to assume that various plant

species may also vary in their ability to promote root growth in zn

fercilizer band. Thus, additional studies shourd be conducÈed to

determine the response in root gro!¡th of various plant species ín zn

fertilizer bands. Reports in the literaÈure also showed Èhat differeng

prant specíes varied in their tolerance to excess Al (Reid r97L;

Howeler and Cadavíd. I976; Mugwira and patel 1-97j).

It is also important Ëo note that results obtained in this study

showed thaÈ Zn complexed as Zn-EDTA as well as ionic Zn were both toxic

to roots when present in high concentrations. rn contrast, results

reported in the literature indicate that only the ionic form of A1

(413*) \¡ras toxic to roots. Bartllet and Riego egl2), for example,

noted that A1 complexed with citrate, EDTA or soil organic matter

extract was detoxified whereas ionic A1 severely injured plant roots.



6.4. Sumrnary and Conclusion

The extent of root grorrth In ZnCI, and Zn-EDTA fertilizer bands

rras controlled by the concentration of zn in soil solutlon. High

concentraÈions of zn in the fertlllzer bands were toxlc to roots

regardless of the source of Zn used.

FaeÈors which affect the solubillty of the Zn fertlllzers ln solls

(soi1 t1¡pe, source and rate of zn applled as sell as method of applí-

cation) had a considerable influence on the extent of root growth in

Ëhe Zn fertilizer bands.

The concentration of Zn in plant shoots was remarkably increased

by high concentrations of Zn in soil soluuion. Increases in amount of

roots arso increased Zn uptake by plants. Thus, both the amount of

roots and concentration of Zn in the fertilizer band were important

factors in the utilization of znby plants fron ferÈirizer bands.

1_04
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EFFECT OF CONCENTRATIONS OF IONIC AND COMPLEXED ZINC TN

SOIL SOLUTTON ON ROOT GROIITH AND ZINC UPTAKE FROM ZINC

FERTILIZER BANDS

7.1. TnÈroduction

Results obtained fron the prevf.ous plant growth studies clearly

demonstrated that Èhe extenÈ of root growth as well as the quality of

roots recovered from ZnCl2 and Zn-EDTA fertilizer bands were signifi-

cantly decreased by high concentrations of zn in soil solution.

Chemieal studies conducted in conjunction with the plant growth studies

revealed Èhat virtually all the Zn in soil solution in fertilizer bands

treated with zncl, vas in the ionic form. rt was therefore quite

evident from the analysis of the data obtained that lirníted root growth

into inorganic Zn fertilizer bands rras closely associated lrith high

concentrations of the ionic form of Zn in soil solution.

on the oÈher hand, when Zn-EDTA was appried as a fertilizer band

both the ionic as well as complexed forms of zn were present in soil

solutíon in significant amounts, and co-varied with increasing rates

of zn applied. According Èo results obtained so far high concen-

trations of zn in the Zn-EDTA fertilizer bands also resulted in

signifieant reducÈions in root growth into the ferËlLlzer band.

Hol¡ever, Èhere !/as no conclusive evidence to associaÈe the reductions

in root growth in the fertilizer band to high concentrations of either

the complexed or ionic form of Zn in soil solution or both.
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Therefore, an additional plant growth study was conducted |n con-

junction with another chemical study to obtaln additional infornation

regarding the lnfluence of ¡mount of lonlc anð/or conplexed forns of

Zn Ln soÍl solution on rooË growth and Zn uptake from Zn fertLLl-zer

bands. The amount of complexed and lonlc zn in soil solution was

varied by addlng varying amounts of NaTEDTA to zncl, fertilizer bands.

7.2. Materials and Methods

7.2.L. Plant Growth Study

A Willowcrest fine sand soil, Iow in DTPA-extractable Zn was used

for the study (Table 7.L).

Table 7.1. Some of the physical and chenical characteristics of the
soil used.

Soil Characteristics

pH (1:1 Soil:Water)

Inorganic Carbon (t CaCO, Equivalent)

Organic Matter (t)

DTPA-ExI. Zn (ug g-1)

Field Capacity Moisture Content (t)

Texture

Willowcrest
(Gleyed Black)

7.0

0.2

2.5

0.5

29.4

FS
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The soil was air drfed and sieved through a 2 -m síeve. 5000 g

of Èhe sieved soil was then weighed into 5 kg plasÈic pots. prior to

application of the zn treatments Èhe entire 5000 E of sofl rras

uniformly mixed with 25 nI of each of four different nutrient solutions

containing N, P, K, and cu which were applied to Èhe soÍr as basal

Èreatments. The respectíve raÈes of appllcaÈlon were 100 ug g-1 of N

as (NHo)2soo, 50 ug g-1 of P as KHrpoa, 200 ug g-1 of K as KHrpoa and KCI

and 5 ug g-1 of Cu as CuSOo.sHzO.

The experiment was conducted as a completely randornized design.

The treatments consisted of fertilizer bands at two rates of zn as

zncr2 G.L2 x 10-6 and 4.Bg x 10-s rnoles zn cm-s), each rate of zn

uniformly mixed l,rith five different rates of NaTEDTA. (The low rate

of Zn was found to stimulate root grovth ln the fertilizer band, while

the hígh rate of Zn rsas found to be toxic to rooÈs, when applied alone

in a previous study). The amounts of NaTEDTA added to the low rate of
Zn were O, 1.90 x 10-6, 3.g0 x 10-6, 7.60 x 1_0-6, L.52 x lO-s and

3.04 x 1o-5 moles Na2EDTA cm-3, and the amounts of NaTEDTA added to the

high rate of Zn were 0, L.52 x lO-s, 3.04 x l-O-s, 6.0g x 1_0-s,

L.22 x 10-a and 2.43 x 10-a noles NaTEDTA cm-3.

The required amounts of NaTEDTA were weighed into large plastic

weighing boats and uniformly mixed wÍth 40 ml of a zncL, soluÈíon

containing the required amount of zn to be applied. The mixture was

then incorporated in 200 g of soil which was then placed into acrylie

cylinders of dirnensions 5 crn high and an area of 32.15 cm2 at the open

ends. One end of the cylinders was closed using parafilm and the soil

containing the various treaÈmenÈs placed into the cylinders. The
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parafiln r+zas then carefully removed, and the cylinders placed ln Ëhe

centre of the pot 5 cm below the soil surface. This was achleved by

first removing about 3500 g of soil fron the pot, placing the acrylic

cylínders on the surface of the soll renainfng ln the poÈ and then

replaeing the soil that was removed frorn the pot.

seeding, mainÈenance of the plants durlng the growing period,

harvesting and handling of shoot and root somples rsas carrÍed using the

same procedures as described for previous plant grolrÈh studies.

However, in thís study in addition to recovering the roots fro¡a the

fertilizer bands the amount of roots in the rest of the soil in each

pot was also removed and weighed.

7.2.2. Determination of ronic and comprexed zn ín soil Solution

In conjunction with the plant growth study an incubation study was

conducted to determine the concentration of ionic and complexed forms

of Zn in the fertilizer bands with time.

A 200 g sample of soil was treated wich N, p, K and cu as outlined

for the plant growth studies and placed in 250 ml centrifuge bottles,

The rates of zn and raÈes of NaTEDTA applied in Èhe prant growth study

were used as treatments. The mixture eras uniformly incorporated into

the 200 g of soil in the centrifuge bottles using the s¡me procedure

as described for the plant growth studies, and water added to raise the

moisture contenÈ Èo field capacity. Four sets of each treatment was

prepared and each set of sarnples were incubated for a different time

period i.e. 3, L4, 28 or 56 d. The incubation periods were selecËed

to include the period of time from seeding to harvesting for the plant



growth study.

The soil solution fro¡n the incubated samples was obcained by

centrifuging the samples at L0,000 rpn (13,000c) for 40 nln. AbouÈ

24 h before the samples lrere centrlfuged the moisÈure content was

increased to about 35 percenÈ. Ihe supernatant was flltered through

i{hatnan #42 filter paper, the pH of the supernatant determlned, and

then the samples analysed for lonic and complexed Zn uslng the s¡me

procedure as described previously. Incubations were condueted !n

duplicate.

7 .3. Results and Discussíon

7 .3.I. Total Shoot and Root Drv Matter Ylelds

Shoot dry matter yíelds with ZnC12 alone, Irere not significanËly

dífferent from yields obrained in rhe control ËreatmenËs (Table 7.2).

Generarry, shoot dry matter yields increased with amounts of NaTEDTA

applied to the low rate of zn and then decreased when amounts of

NaTEDTA applied Ëo the band were greater than 7.60 x 10-6 moles cm-3.

However, in most instances the differences were not sígnificant. Shoot

dry matter yield rras not significantly affected by the ¡mount of

NaTEDTA appried to Èhe high rate of Zn when rates of NaTEDTA were

maintained at L.22 x 10-a noles cm-3 or less. A reduction Ín shoot

yierd occurred when NaTEDTA was added at a rate of 2.43 x lo-a moles

cm-3 to the high rale of Zn.

The total amount of roots for prants treated rsith Zncl, only was

not significantly different frorn the amount of roots recovered from the

109
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control treatments (Tab1e 7.2). ïhe total amount of roots recovered

frorn plants treated rsith the lolr rate of Zn were generally greater than

the total emount of roots obtalned Ín treatments that received the

higher rate of zn, and fn some lnstances the differences were

significant. The total âmount of roots generally decreased as rate of

NaTEDTA applied rvas lncreased. Highest retes of NaTEDTA substantlally

decreased the total amount of roots for both rates of Zn.

7 .3.2. Root Drv MatËer Yield From the Fertilizer Bands

The amount of roots recovered from fertilizer bands treated with

6.12 x 10-6 noles Zn cm-3 were generally much greater than the ¡meq¡¡

of roots obÈained in treaÈments that receÍ-ved 4.89 x 10-s moles Zn

cm-3 (Table 7.2). A slight stimulation in root growth occurred in

treatments with 6.L2 x l-0-6 rnoles Zn cm-3 but only when the plants were

treated with Znc1, only and with Èhe lowest rate of NaTEDTA. The amount

of roots recovered from the fertilizer band then decreased gradually

with amount of NaTEDTA applied, and in most instances the decreases

e/ere signÍficant when rates of Na2EDTA were greater than 1.90 x 10-6

moles cm-3. Root growth ín the fertilizer band initially decreased

fairly rapidly with âmounts of NaTEDTA applied and then remained

reraÈively constant when rates of NaTEDTA added to the band were

greater than 7.60 x 10-6 moles cm-3.

The amounÈ of roots recovered from fertilizer bands treated with

4.89 x 10-s noles Zn cm-3 were all significantly lower Èhan the a¡nes¡¡

of roots recovered from untreated plants. Thus, all the fertilizer

bands that received the high rate of Zn either alone or in conbination
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wlch NaTEDTA were toxic to roots (rable 7.2). The amount of roots in

fertilizer bands treated with 4.89 x 10-s moles zn cm-3 initially

increased wlth amounts of NaTEDTA applled, reaching a maximum fn

treatments wÍth L.52 x 10-s to 3.04 x lO-s moles Na2EDTA cm-3.

ApplícatÍon of higher rates of NaTEDTA to the fertillzer band resulted

in significant reducÈions in root growth fn the fertilizer band.

In fact, no roots were found ln fertllfzer band that received

2.43 x 1O-a noles NaTEDTA cm-3.

7 ,3,3. Plant Zn Content and Zn Uptake

The concentration of. Zn in plant shoots was slgniftcantly higher

with Znc12, either alone or ín combinaËion wlth Na2EDTA, than without

Zn fertiLizer (Table 7.2). Plant Zn conËent hras greater when

4.89 x lO-s moles Zn cm-3 was added than when 6.L2 x 10-6 ¡noles Zn

cm-3 was added.

The concentration of Zn Ín plant shooÈs treated wíth the low raËe

of zn was not significantly affeeted by the rate of NaTEDTA applfed to

the fertiLízer band. According to studies reported earlier (Section

6.0), Zn uptake by prants increased with increases in root growth as

well as increases 1n concentrations of. zn in soil solution. Thus, it

aPpears that in this study even though increasing the raÈes of Na2EDTA

increased concentration of Zn in soil solution the decreases fn rooc

growth with increasing rates of NaTEDTA countered the effect of

increasing Zn concentration (Table ,.2): The highest concentration of

Zn in plant shoots treated with the low rate of Zn occurred in plants

that received Zncl2 arone or very low rates of NaTEDTA, suggesting that
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the best conbfnatlon between root growth and concentration of. Zn Ln

soil solutÍon probably occurred ln these treatnents.

Plant shoot Zn content increased with rmount of NaTEDTA applled to

the hlgh raxe of. Zn, reaching a maxlmum ryhen 3.04 x 10-5 noles

NaTEDTA cm-3 were applled Èo the fertilizer band. The concentratlon

of Zn 1n the plant shoots remained relatlvely constant as the Fmount

of NaTEDTA appried to the fertflizer band was lncreased further

(Table 7.2). The greatesÈ plant Zn content colncided with creatments

Èhat had the greatesÈ âmount of roots in the fertilizer band, again

indicaÈing ühat increased root to zn fertilizer contâcÈ was very

important for greater Zn uptake from the fertilizer bands. The results

also show Èhat despite the large reductions in rooÈ gro!¡th in the

fertilizer bands that recelved the htgh rate of. Zn the concentration

of Zn in plants from such treaÈments lras greater than concentration of

zn in plants treated with the lower rate of Zn (Table 7 .2) . Thus, high

concentrations of Zn in the fertllizer bands was also very importanÈ

for greater Zn uptake from the ferÈilizer band.

Zinc uptake by the wheat planËs in response to the various treat-

ments followed trends sirnilar to that noted for plant Zn content (Tab1e

7.2).

7 .3.4. concentration of llater solubre zn ín soil solution

The total nmount of Zn in soil solution was greater ln fertillzer
bands treated with 4.89 x 10-s rnoles Zn cm-3 than with 6.r2 x 10-6 mores

zn cm-3 (Figs 7.1 and 7 .2) . The concenËration of zn in soil sorution

increased with amount of NaTEDTA added to the fertilizer band
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suggestíng that NaTEDTA was quite effective in conplexlng the lonic

form of zn in soil solution and preventing precipitation and/or

adsorption of Zn by soll consËituents.

Concentration of Zn ln soil solution remalned relatively constant

with tine for the low rate of. zn, and also for the htgh rate of zn

excePt at 28 d. Concentrations of Zn ln soll solutf.on for treatments

which were íncubated for 28 d was slightly higher than concentratf.on

of zn in treatments thaË were incubated for 3, L4, or 56 d (Fig. 7.2>.

The concenÈrations of ionic Zn in fertilizer bands treated wíth

4.89 x 10-s moles Zn cm-3 were always higher than the concentrations of

ionic zn in treatments that received 6.L2 x 10-6 rnoles Zn cm-3 (Figs

7.3 and 7 .4) . The large difference Ín the concentration of ionic Zn

in the two fertilizer bands ean probably be attributed to the large

differences in the pH of the soil solution for the two fertilizer bands

as well as the amount of zn applied. The pH of the soil solution in

soíls treated with the high rate of Zn varied from 5.55 to 3.64 whereas

the pH of the soils treated wiÈh the low rate of zn varied fron 7.01

to 4.84 (Appendix B).

Applícation of NaTEDTA to treatments with 6.r2 x 10-6 noles zn

cm-3 increased the concentration of ionic Zn in soil solution above

thaÈ with zncL, only. The amount of ionic zn in soil solution

increased with amount of NaTEDTA added to the band, except for

treatments that received the highest amount of NaTEDTA which resulted

in a sharp decrease in the amount of ionic zn in soil solution (Fig

7.3).
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The concentratlon of lonlc Zn Ln so1l solutlon for treatments thaÈ

received 4.89 x L0-5 moles Zn cm-3 also increased with ,mount of NaTEDTA

added to the band. However, when the amount of NaTEDTA applied was

greater than 6.08 x 10-s noles Zn cm-3 the concentration of ionlc Zn Ln

soil solution decreased sharply (Fig 7.a).

IÈ was expected that concentratlons of ionic Zn would decrease

with increasing amounts of EDTA added. However, as noted above, ionic

Zn concentrations increased with amounts of EDTA added except at very

high levels of EDTA. rt is highly possible rhar due to rhe low pHs

encountered (Appendix B), Fe and other cati.ons in solution increased

due to dissolution of solid phases. Thus, the EDTA uay have complexed

with these dissolved cations rather than the applied Zn. Norvell and

Lindsay (1969) showed that at low pH Fe* would compete more effectively

than Zn for EDTA. This would result in higher concentrations of ionic

zn Èhan expected. rncreases in ionic zn concentration would be

expected until sufficienÈ EDTA was added to complex all dissolved

cations that compete more favourably than zn for the EDTA. Large

decreases in ionÍc Zn concentration would thus occur only when very

rarge amounËs of EDTA were added. This was observed only f.or the

highest rate of EDTA appried to the low rate of zn and the two highest

rates applied to the high rate of. Zn.

The concentration of ionic Zn in treatments with 6.L2 x 10-6 rnoles

zn cm-3 did not change appreciably with time of incubation (Fig 7.3).

ronic Zn concentraËion in treatments with 4.89 x lO-s moles Zn cm-3 was

also reasonably similar at 3, 14 and 56 d of incubation (Fig. 7.4).

roníc Zn concentration at the 28 sampling day period was higher than
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for other incubation times. The experiment was not repeated to confirm

whether or noÈ the values obtained for the 28 d lncubation period was

due to error or soll reactlons.

7.3.5. Relationships Amons Concentrations of Total. Comolexed and

The reason for varying the rates of Zn as r¡elI as the rates of

NaTEDTA applied was to obtain different ratlos of complexed and lonic

forms of Zn in soil solution at different concentrations of total Zn.

This was required in order to determine if cornplexed Zn was toxic to

plant roots, since in previous studies concentratlons of complexed Zn

co-varied v¡ith concentrations of ionic Zn. It ís evident that at both

the 1ow and high rates of zn applied, fertilizer bands contained low

to high concentrations of complexed Zn when ionic Zn concentrations

remained constant at a relatively low concentration (Table 7 .3) . Thus,

elucidation of Èhe effects of complexed zn on root growth ín the

fertilizer band was made possible.

Ionic Zn

7.3.6. Relations Among ronic Zn. complexed Zn and Mass of Roots in

the Fertilizer Banrl

since the concentrations of the various forms of zn in soil

solution remained relatively constant with tine the concentrations

measured at various Èimes of incubation qrere averaged for each

treatment (Table 7.4). The corresponding amount of roots recovered

from the fertilizer band is also shown.
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Table 7.4. Effect of rates of NaTEDTA and Zn on root
concentration of ionic and cornplexed Zn

Rate of
Zn
Applied

(noles crn-3) (moles cm-3)

Rate
Na,EDTA
Applied

6.12 x 10-6
(Low Rate)

0

0
1. 90
3.80
7 .60
1.52
3.04

0
L.52
3 .04
6.08
L.22
3.42

Ionlc
Zn

(ug n1-1)

4.89 x lO-s
(High Rate)

L20

dry uatter yield,
Ín soil soluÈion.

x
x
x
x
x

1O-6
10-6
10-6
10-s
10-s

Conplexed
Zn

(ug n1-1)

0.04

22.3
t_80
326
544
354
2L8

2110
3030
37 80
34t+0

840
)JU

Á

X
Y

0.32

0. s8
2L.0
61 .0

l-32
].48
694

100
1"30

320
870

3 815
s030

1o-s
10-s
10-s
10-4
10-4

Root
DM Yield

(ng cyl-l)

555

675
613
s20
247
133

93

79
180
159
44
15

0
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The concentration of ionic Zn in soil solution was very poorly

correlated wiÈh the concentraÈion of complexed Zn in soll solution

(rz : 0.ol NS). Thus, the eovariance between the two forms of. zn was

virtually eliminated in this study.

Multiple regression analysis of the daËa showed that the amount

of roots in the fertilizer band was most closely correlated to the

concentratlon of complexed zn ln solI solutfon. Root dry matter yield

in the fertilizer band decreased wlth lncreases in concentration of

complexed Zn in soil solution according to the relation:

Roor DM Yield (mg cyl-l) : 597 - 73.4 ln (Conplexed Zn (ug m1-1) )

(rz : 0.76"")

Thus, the resulÈs obtained in this study show that complexed Zn in soil

solution is toxic to roots and toxicity increases with concentration.

7.4. Summary and Conclusions

The studies conducted conclusívely showed xhax zn complexed as

Zn-EDTA as well as ionic zn severely restricted root growth in

fertilizer bands when the concentration of Zn was high.

Total root grovlth in the pots (in the fertilizer band + remaining

soil in Èhe pot) also appeared to be lower at high rates of. zn

application than without Zn or with low rates of. Zn.

Prant Zn content and uptake increased with amount of Zn applied.

Increasing the rate of NaTEDTA added to ZnCI, fertilizer bands increased

the arnount of total zn in soil solution. Total amount of zn in

soilsolution remained relatively constant with time of incubatÍon (3

to 56 d).
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UTILIZATION OF ZINC BY i.ItlEAT FR.OM ZnCl" FERTILIZER AS

AFFECTED BY METHODS OF PI¿,CEMENT AND ADSORBING MATERIALS

8.1. Introduction

Results obtained from previous plant growth studies showed that

the concentration of zn ín plant shoots usualry increased with

increasing concentrations of Zn in soil solution ln the fertilÍzer

band. unfortunately, the amounÈ as well as the quality of roots in the

fertilizer band were reduced when the concentration of Zn in soil

solution was very high. rt was also shown that a low density of roots

in the fertilizer band resulted in less Zn uptake Èhan when the root

density was high and increasing the size of the f,ertiLízet band

(increasing root to fertilizer contact) increased uptake when the

concentration of Zn ín the band remained constant. Thus, in order to

maximize Zn uptake from a Zn fertilizer band, root growth inÈo the

band, fertilizer band size, and concentration of zn in soil solution

have to be balanced such that maximum utilizatíon occurs. Therefore,

a plant growth study was conducted in which a single rate of Zn was

applied to various sizes of fertilizer bands as ZnCI2 either alone or

in combination with adsorbing materials (FerO3 or zeolite) to determine

the optímum conditions for íncreasing the utilizaÈion of Zn ¡rom ZnCL2

fertilizer bands. The adsorbing materials were added in an attempË to



reduce Zn concentration in the

maintain it in a plant available

8.2.

The study was conducted in the growth chanber using a l.Illlowcrest

fine sand soil (Table 8.1). The treatments rüere arranged ln a

completely randomized deslgn and repllcated three times.

Materla'ls and Methods

L23

fertllizer band but hopefully to

forn.

Table 8.1.

Soil Characteristic

Some of the physlcal and chenlcal characterlstics of the
soil used.

pH (1:l- soil : HrO)

Inorganic Carbon (t CaCO, Equivalent)

Organic Matter (t)

DPTA-Extr. Zn (ug g-1)

FieId Capacity Moisture Content (t)

Texture

Prior to applicaÈion of the various treatments the soil was air

dried, sieved through a 2 nm sieve and treated with N, P, K, and Cu

using the same procedure as outlined for previous planÈ grorvth sÈudíes.

5000 g of soil was placed in each pot.

The treatments used in this studv consisted of Èhree sizes of

fertilizer bands to which ZnCL, !¡as applied either alone or in

l.Iillowcrest
(Gleyed Black)

7.0

0.2

2.5

0.5

29.4

FS
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combinatlon rslth Feror or chabazlte (zeollte). An absolute control as

¡sell as a treatment 1n rshlch the various Zn treatments were nixed

throughout the soil were also lncluded. The adsorbing materials were

selected based on their dlfferences 1n adsorptlon characËeristics.

FerOr has been shoun to adsorb slgnificant Fmounts of Zn in soll

soluÈion both specifically as well as nonspectflcally (Kalbasi et al.

L978a). On the other hand, Chabazlte, a zeolite with the fornula

Ca[AlrSiO¿.Orz].6HzO is considered to have a very large C.E.C. Grfn

(1968) reported that most zeoliÈes have a C.E.C. 1n the order of

1000-3000 nnol kg-1. The three sizes of fertilizer bands used were: (1)

a narrovr band, which r¡as 0.63 cm wide (2) a wide band which r¡as 2.54

cm wide and (3) a wide band (2.54 cn wide) whích was incorporated to

a depth of 1 cn. 1500 g of soil lras removed from each pot, the

fertilizer band applÍed, and then the sofl was replaced. All the

fertilizer bands l¡ere located approxinately 4 cm belorv the surface of

the soil and extended to a distance of 18 cm across the centre of the

soil in the pots. A single rate of Zn,5.tg g-t of soil based on 5000

g of soil, or 6 .25 mg of Zn was applied in a voh¡me of 1 nl as ZnCL,

solut.ion. FerO, or zeolite was uixed v¡ith 1 nI of ZnCL, solution in

ratios to obtain mixtures which contained IO * Zn prior to application

to the fertilizer band.

Ten wheaË seeds were placed 2.5 cm deep and directly above the

various fertilizer bands. Ten d after emergence the plants lrere

thinned to 5 plants in each pot. The remaining plants were grorsn to

the flowering stage which occurred about 65 d after seeding. l{ain-

tenance of the plants during the growing period, harvesting and
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handlíng of the shoot samples were carried out using the same procedure

as described for previous plant growth studles conducted in the growth

chanber.

8.3. Results and Discussfon

8. 3. 1. Shoot Dry Matter Yields

Shoot dry natter yields were not signiflcantly affected by any of

the treatments (Table 8.2) .

8.3.2. Concentrations of Zn in Plant Shoots and Zn Untake

Concentrations of. Zn in plant shoots treated with ZnCl2 alone was

greater than in plants without ZICL" (Table 8.2). However, the

differences r¡¡ere significanÈ only when the Zn fertilizer was applied

as a narrow band or a wide band which was íncorporated ínto the soil

to a depth of 1 cm. In most instances concentrations of Zn in plants

treated with ZnC12 in combination with FerO3 were less than that in

plants with ZnCL, alone and only slightly higher than without Zn.

Concentrations of Zn in plant shoots Èreated wiÈh ZnCl2 in combinatíon

with zeolite were generally hígher than concentrations of Zn ln

untreated plants (Table 8.2) . The increases in plant Zn content were

significant only r,rhen the ZnC1-, and zeolite were applied as a wide band

or mixed with the entire soil volume, The concentration of Zn in plant

shoots when the ZnCI, + zeolite vras mixed throughout the soil was

higher than the Zn content of plants wiÈh all oLher treatments except

for the treatment with ZnCl, applied in a wide band and incorporated

into the soil to a depth of 1 cm.
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Generally, the effect of various treatnents on Zn uptake by plant

shoots was sirnÍlar to effects of treatments on Zn concentration ln

tissue since yields Ï¡ere not affected by treatnent (Table 8.2).

Increasing the size of the fertiLlzer band or volt¡me of soil fertilized

above that of the narrow band did not lncrease fertilizer Zn uptake

except when ZnCl, + zeoLlte was nlxed rslth the entire volume of soll.

Zn concentrations in plants was hlghest when ZnCL, + zeolf.te was mixed

throughout the entire volume of soíl. ZnCL2 alone, applied in a wide

band and incorporated to a depth of 1 cn also proved to be a highly

effective treatment in increasing Zn concentration in planËs.

The results obtained in this study suggest that the differences

in plant Zn content among the various treatmenËs applied can be

attributed to the extent t.o which a balance between the concentration

of Zn in soil solution and root growth into the fertilizer bands

(root to fertilizer contact) was achieved.

Both the narrow and wide band treatments of ZnC\, were not highly

effective in increasing Zn uptake into the plant shoots nost likely due

to toxicity effects of the fertilízer bands to plant roots. Applíca-

tion of the 6 .25 mg Zn as narrov/ bands and wide bands resulted in rates

of Zn equivalent to 0.55 and 0.14 rng Zn cm-Z, respectívely. Previous

studies, conducted on a slightly caleareous soil, showed that rates of

Zn as low as 0.16 ng Zn cm-z r.rere detrimental Ëo root growth. Thus, ft

is quite likely that the rates of Zn applied to the narro'er and wide

band treatments were toxic to roots and Zn uxilízation may have been

restricted due to poor root growÈh in the fertiLizex band.
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The results obtalned ln thls study also showed that incorporatlon

of ZnCL2 alone lnËo a llnlted volume of soll was very effectlve ln

increaslng the concentratlon of Zn in the plant. The hlgher plant Zn

contents obtained in such treatnents nas llkely a consequence of

achieving a greaÈer balance between the concentratlon of Zn in soll

solutíon and root growth into the ferÈilizer band. Incorporatlon of

the Zn into the so1l to a depth of 1 cm resulted ln rates of Zn

equivalent to 0.1-4 ng Zn cm-3. Prevlous studies conducted on the s¡me

soil showed that rates of. zn equivalent to 0.63 ng Zn cm-3 resulÈed in

maximum root growth into the fertílizer band (Fig. 6.1). Thus,

concentrations of Zn in soil solution resulting from application of Zn

at a rate of 0.14 ng cm-3 were obviously not high enough to retard root

growth into the fertilizer band. The concentrations of zn ín the

fertilizer band !¡as also fairly high, at least when compared to

treatments in which the Zn fertilízer was rnixed throughout the soil.

Thus, Èhe required conditions for greater utilization of the Zn

fertilizer i. e. greaÈer root gro!¡th and relatively high concentratlons

of Zn in soil solution were probably almost achieved in this treatment.

Lack of signifícant increases in plant Zn contenÈ in treaÈments

that received Fero, and the Zn fertilizer suggest thaÈ some of the Zn

applied was probably specificarry adsorbed to the Feror. Karbasi et al.
(1978a) reporÈed that FerO, specifically adsorbed Zn and that

specifically adsorbed zn was not exchangeable wíth respect Ëo ca, Mg

or Ba and thus probably not very plant available.

Zeolites retain Zn in exchangeable forms. The zeolite proved

ineffectíve in enhancíng Zn utilization above that wíth ZnCl., alone
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when applied as bands. Thus, concentratlon of. Zn 1n soil solutlon and

root grolrth into the fertillzer band uust have been si¡nÍlar to that

with Znc1, alone. zn uptake with Zncl, + zeoLlte was greater than with

zncL2 alone when the zn fertiltzer and the zeolÍte were rnixed

throughout Èhe entire soll volume. rn thts treatment it appears,

Èherefore, that Zn adsorbed on the zeollte was more plant available

than Zn which was allowed to react wlth all soil constltuents.

8.4. Summary and Conclusions

Application of zncr, fertilizer in a narrow or wide band was

generally not highly effective in lncreasing planÈ Zn eontent probably

due to limited root growth into the fertilízer as a result of zn

Èoxicity.

Concentrations of Zn ín plant shoots was significanËly lncreased

when the ZnCL, fertilizer alone was incorporated into a limited voltrme

of soil. It appeared that the greatest balance between the concen-

üration of Zn in soil solution and root growth into the fertilizer band

was achieved in this treatment.

P1ant Zn conÈent was also remarkably increased when the Zn fetti-

Lizer and zeolite \rere mixed throughout the soil. rt appeared that the

zeolite decreased the extent of retenÈion of the Zn fertilizer by other

soil constituents, making it more available to the plants. Mixing the

Zn fertilízer throughout the soil either alone or Ín combination with

FerO, vras not effective ín increasing plant Zn contenÈ.



Utilization of Zn by plants from inorganlc Zn fertllfzers applled

as narrow bands has been shown to be very linited. rn contsrast, zn

uptake by most plants was usually satisfactory when organlcally

complexed zn fertllizers rrere applled to soils as narrow bands.

Studies were conducÈed using sinulatlons of ferÈ11izer bands to

determine the causes for Ëhe large differences in Zn uptake by plants

from organically conplexed and inorganic zn fertilizer bands. The

simulated fertilizer bands consisted of small volumes or areas of soil
treated with varying rates of ZnCL, or Zn-EDTA.

studies were conducted, using sectioned soil columns Ëo compare

the solubirity and extent of zn movement from zncl2 and zn-EDTA

fertilizer bands when applied to a calcareous and a noncalcareous soil.
Concentrations of Zn in Zn-EDTA ferÈilizer bands were much greater Èhan

concentrations of Zn inZnCL2 bands for both solls, indicating thaË the

Zn-EDTA fertilizer !¡as more soluble than zncl.r. Solubility of zn ín

the Zn-EDTA bands was sirnilar for both soils r,¡hen it was applíed alone.

sorubílity of. zn in the zncl, bands was much lower in the calcareous

than in the noncalcareous soil.

9.0. SUUMARY AND CONCLUSIONS

130

The influence of macronutrient ferttlizers on solubility of Zn in

the fertilizer bands vras studied. (NH4)zso4, urea and NH4H2po4

increased the solubility of Zn-EDTA in the calcareous soil but

decreased its solubility in the noncalcareous soil. (NH,,)zsoo lncreased

solubilíty of zn in the zncr, bands in both soirs. rn contrast,

NH4H2P04 decreased the solubiliry of zn in Èhe zncl, bands in both

soils. urea decreased the solubility of zn in the zncr, bands in the
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noncalcareous soil but increased iËs solubillty in the calcareous soil.

Zinc movement from Zn-EDTA ferttltzer bands was greater than Zn

movenent from zncL" bands. Movement of Zn from zn-EDTA bands lras

Sreater in the calcareous than in the noncalcareous soil. NH.H,PO4 nas

most effectlve in promotlng greater movetrent of Zn from the Zn-EDTA

fertilizer bands when Zn-EDTA + NH4H'PO. were applied to the calcareous

soil. (NHq)zso4 promoted greater xoovement of zn fron zncl2 bands in

both soils. Thus, greater solubíllty of. zn in the fertilizer bands

resulted in greater movement of. Zn fron the bands.

This study showed that the greater upÈake of zn by þlants fron

Zn-EDTA fertilizer bands is probably due at least in part to greater

solubílity and movement of zn from Zn-EDTA fertil-izet bands. This

study also showed that addition of other fertillzer salts such as

(NH4)2SO4' urea and NHaH2PO4 can alter plant availability of Zn from both

Zn-EDTA and ZnC12 fertilizer bands due to their effect on solubility
and movement of Zn fron the fertflizer bands.

A plant growth study was conducted to determine Èhe influence of

the extent of root xo zn fertilizer contact on utilization of zn by

plants from a ZnCl-, fertilizer band. The ¡mount of roots in the

fertilizer band was varied by varying the size of the fertilfzer band

or funnelling the plant roots through the band. Root growth into the

Zn fertilizer bands r.¡as severely retarded indicating that the ferti-
Llzer bands were toxl-c to rooËs. Fertilizer zn uptake by plant shoots

increased almost linearly with increase in the ¡mount of rooÈs in the

fertilizer band (rz 0.82"*). Thus, inereasing the root Èo zn

fertilizer contact increased zn uptake from the fertilizer band.
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Addition of (NH4)'SO. to the fertlllzer band resulted ln a slfght

stimulation ln root growth. Thus, Zn uptake from such treatments was

also slightly higher than Zn uptake ln treatments that received ZnCL2

alone. Funnelllng the roots through the fertillzer band was also

effectlve in lncreasing the concentratlon of Zn Ln the plants.

Followíng the establishnent of the fact that lnorganic Zn f,erxí-

Lizer bands were toxlc to roots, studles were conducted to compare the

extent of root growth and Zn uptake by wheat frorn ZnC12 and Zn-EDTA

ferÈilizer bands when the Zn fertTlizers were applied to calcareous,

slightly calcareous and noncalcareous soils. Various rates of Zn were

applied in order to study the effect of concentration of. Zn in soil

solution on root growth and Zn uptake. For the calcareous and slightly

calcareous soil tlr,e Zn fertilizers lrere applíed to the surface of the

soil contained in acrylic cylinders and for the noncalcareous soil Ëhe

Zn fertilizers were mixed with a limited volume of soil (200 g).

Incubation studies were also conducted to determine the concentratíon

of Zn in the fertllizer bands. The total amount of Zn in soil solutÍon

r¡as also separated into the ionic and cornplexed fractions.

Root growth v¡as not affected by any of the rates of ZnCL2 applied

to the calcareous soil. Root growth was equally retarded by all rates

of ZnCl, applied to the slightly calcareous soil. RooË growÈh was

stimulated considerably vrhen low rates of ZnCl., trere applied to the

nonealcareous soi1. However, when the rates of znCL, applied were high

the amount as well as quality of roots recovered fron the fertiLi-zet

band was severely reduced. Zn-EDTA reduced root growth in Èhe

fertilizer bands in all the three soils for most of the rates of Zn



applied.

Concentrations of. Zn fn the ZnCL2 fertlllzer bands were generally

much lower in the calcareous than ln the slightLy calcareous so1l when

siuilar rates of Zn were applied. GoncentraÈlons of Zn ln the

fercilizer bands were quíte lorv when low rates of ZnCL2 were applied to

the noncalcareous soll but when the rates of Zn applled were hlgh

concentration of Zn Ln soil solutlon were very high. Concentrations

of Zn ín Zn-EDTA fertilizer bands were much hÍgher than concentrations

of zn in zncl, bands applied at equivalenË rates of Zn for all three

soils. Thus, these studies showed that the extent of root growth inËo

the fertilizer bands was closely related to the concentration of Zn

in soil solution. RooË growÈh into the fertllizer bands \ras not

adversely affected by low concentrations of zn in soil solution.

However, when concentrations of zn in soil solution were high the Zn

fertílízer bands rrere toxic to roots. vlrtually all the Zn in soil

sorution in the zncL2 fertilizer bands was in the ionic form. Thus,

high concentrations of ionic Zn ín the fertilizer bands were toxic Ëo

roots. on the other hand, significant amounts of ionic as well as

complexed zrt were present in soil solution when Zn-EDTA was applied to

the fertiLizer band and both forrns of Zn co-varied considerably. Thus,

it was difficult Èo determine at this stage if hígh concentrations of

cornplexed Zn were also toxic to roots.

Concentrations of Zn in plant shoots increased wlth rates of Zn

applied. It was also quite evident that concentrations of Zn in plant

shoots were much greater with Zn-EDTA than with zncl, vhen equivalent

rates of Zn were applied to the calcareous and slightly calcareous soil

l-33
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even though Zn-EDTA was more toxlc to roots than zncL2 in the

calcareous sof-I. Thus, the studfes showed that Zn-EDTA was lfkely nore

effective than zncl, ln increasing plant zn content at least in part

due to lcs abiltty to maintain higher concentratlons of Zn in soiL

solution at equivalent rates of applied Zn.

Concentrations of Zn 1n plant shoots were greater wÍth ZnCL" tt.^an

with Zn-EDTA when the Zn fertilizers nere applled to the noncalcareous

soi1, alÈhough the concentration of Zn ín soil solution was greater in

the Zn-EDTA fertilizer bands than in the zncL, bands. However, the

amount of roots in the zncI2 bands was much greater than the amount of

roots in the Zn-EDTA fertilizer bands. Thus, as indicated earlier

greater amounts of roots in Zn fertilizer bands were very important for

greater Zn uptake. These sÈudies also showed that in order to maxímize

the utilizaLion of Zn from Zn fertilizer bands the concentration of Zn

in soil solution and root growth into the fertilizer bands have to be

balanced.

In order to determine whether high concentrations of. Zn complexed

as Zn-EDTA were also toxic to roots, incubation studies were conducted

to determine if the covariance between ionic and conplexed Zn could be

eliminated. various rates of NaTEDTA were applied to a low (non toxic)

and a high (toxic) rate of. Zn in ratios which were intended to vary the

amount of ioníc zn complexed with EDTA. The effect of tirne of

incubation (3 to 56 d) on concentration of Zn ln soil solution was also

studíed. A plant growth study was also conducted in which the

treatments used ín the incubation study (exeept time of incubatÍon)

were used as treatments. The extent of root growth and Zn uptake fron



the fertil-izer bands was investigated.

The total amount of Zn ln soll solutlon lncreased rslth nrnount of

NaTEDTA applied for both rates of Zn appl-led and remalned relatively

constant with time of incubatlon. Concentrations of lonic Zn increased

with NaTEDTA applíed but when the rates of NaTEDTA applled were quite

high the concentratlon of lonic Zn decreased sharply. Concentrations

of ionic Zn ln soil solutlon were very poorly correlated wfth concen-

trations of conplexed Zn in soil solution (r2 - 0.01 NS). Thus, the

covariance betr.¡een complexed Zn and ionic Zn was virtually eliminated.

RooÈ dry matter yields 1n the fertillzer band was most closely

correlated to concentrations of complexed Zn in the fertilizer band.

RooÈ dry natÈer yield in the fertllizer band was decreased by high

concentrations of complexed Zn in soil solution (rz * 0.76**) . Thus,

the study showed thaÈ Zn complexed with EDTA as well as íonic Zn wete

toxic to roots when concentrations of Zn in the fertilizer band was

high. Plant Zn content and Zn uptake increased with ¡rnounts of Zn

applied.

Lastly, a plant growth study was conducted in which an attempt was

made to balance the concentraüion of Zn in soil solution and root

grovrth into the fertilizer in order to promote greater uËilizaülon of

Zn from a zncl, fertilizer band. Zn fertilizer, at a rate of 5 ug of

zn g-r, was applied either alone or in combination with adsorbíng

materiars (Feror or zeolíte) as follows: (1) a narrow band (2) a wide

band (3) a wide band incorporated into a lirnited voh¡me of soil (45 g)

(4) mixed throughout 5000 g of soil.

13s
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The concentration of zn fn the plant was not lncreased by

increasing the size of the fertlllzer band suggesting that the narror¡

band as l¡ell as the wide bands were probably equally toxic Ëo roots.

Incorporatíon of xt'e ZnCl., fertilizer alone fnto a llmited volume of

soil was very effective ln lncreasing the concentratfon of Zn in the

plants as welr as zn uptake. The results suggest thaÈ a greater

balance between the concentration of Zn Ln soll solution and root

growth into the fertilizer band rras probably achieved in this

Ëreafment.

rncorporation of the zn fertilizer throughout the soil with a

zeoliÈe ltas very effective in increasing the concentration of Zn ln

plant shoots. Thus, it appears that Zn adsorbed onto zeolite is more

plant avairable than zn allowed to react with all the other soir

constituents. Mixing the Zn fertilizer throughout the soil eiËher

alone or in combination with Fe2O3 was noÈ effective in increasing plant

Zn content.

The uajor conclusion which can be drawn fron the studies reported

in this manuscrípt is that high concentrations of Zn in the f.ertiLizer

band as well as root to fertillzer contact are imporÈant in Zn uptake

by plants f.tom Zn fertilizer bands. Root growth in the Zn ferxíLLzer

band was shovsn to be greatly impaired when Zn concentrations in Èhe

band are high. Thus, in order to maximize Zn uptake a balance between

root growth (or root to fertilizer contact) and Zn concentrations musË

be obtained.
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A OUANTITATIVE METHOD DEVELOPED TO SEPARATE IONIC ZINC FROM ZINC

COMPLEXED I.IITH EDTA.

Backsround Theorv

The solubílity product of Zn(OH)z at. a pH of 7.0 1s given as

L.2O x l-O-17. Therefore, assumlng equlllbrlun wlth Zn(OH)2 the

concentratíon of Zn in solution at various pH values can be calculated

fro¡o the relation

(zn*) (oH-)z l-. 20 x 10-17.

Example

At a pH of 7.0 (H*) : 10-7'0 and (oH-) - 10-7.0.

Thus, (zn*) 1.20 x 10-17
(oH- ¡ 

z

, L.20 x 10-3 moles Zn L-t

: 78.4 mg Zn L-t

' 78.4 ppn.

SimÍlarly, it can be shown that at a pH of 9.0 the concentration of

ionic Zn in equilibrium with Zn(OH)2 is 0.0078 ppm. Thus, at a pH of

9.0 virtually all the ionic Zn in solution is precipirated as Zn(OH)r.

Based on the above theory, a method was developed to separate ionic Zn

ín solution from Zn complexed with EDTA.

APPENDIX A.

L49

Materials and Methods

Five different amounts of a

50 ml portions of a 0.061 M

0.06L M NaTEDTA solutlon were added to

ZnCL2 solution in order to conplex
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different amounts of lonlc Zn Ln solution as Zn-EDTA (Table 4.1). The

total concenÈratlon of Zn Ln the mixture (conplexed + lonlc) was flrst

measured uslng an Atomlc Absorptlon Spectrophotometer. Ihe lonic forn

of Zn was then preclpitated as Zn(OH)2 by treating the mixture ryith

NaOH. The pH of the mixture was slorsly raised to 9.0 uslng the NaOH

in order to precipitate virtually all the lonic Zn ln solution. The

preclpitate formed was flltered using Whatman No. 42 fllter paper and

then the concentraÈion of Zn ln the flltrate (complexed Zn) measured

using the Atomic Absorption Spectrophotometer. The measured

concentrations were then correlated with the expected values.

Results

The measured concentrations of complexed Zn were closely

correlated to the expected values (r2 * 0.99*"), in a ratio of almost

L:1. Therefore, the method was used to separate ionic Zn from

cornplexed Zn in supernatants obtained fro¡n fertLLLzer bands treaÈed

with ZnCl, or Zn-EDTA.



Table A. L.

SanpIe Voltrme
No. 0.061 M

Zn

n1

Stunrnary of procedure used
complexed with EDTA.

1

2

J

4

5

Volurne
0.061 M

Na,EDTA

ml

50

50

50

50

50

1s1

to separate ionlc Zn from Zn

Total IZn]
in the mlxÈure
(Measured)

ug m1-1

10

20

30

40

50

'Average of 2 replicates.

27301

22L0

2770

2020

t_8s0

Conplexed
Izn) (pH -
(Measured)

ug m1-1

Expected
e.0)

Ccrryl*ed [Zr]

ug n1-1

470r

8s0

L290

1_6s0

L820

5501

880

L290

r620

18 50



Ls2

Appendix B. Effect of rates of Na2EDTA and Zn and tine of lncubation
on pH of the solI solution.

Rate of Zn Rate of NaTEDTA
Applled Applled

(rnoles crn-3) (noles cn-3) 3 L4 28 56

0 7.01 6.58 4.6s 4.87
1.90 x l-0-6 6.58 4.98 4.84 4.84
3 . 80 x t-O-6 6 .70 5.01 5 .02 5.18

6.12 x 10-6 7.60 x 10-6 6.38 5.16 5.05 5.16
(Low Rare) l-. 52 x l-o-5 5. 93 5 .37 5.18 5 .32

3.04 x lO-s 5.13 5.53 5.58 5.49

0 s. ss 4.33 4.55 4.72
1. 52 x lO-s 4.60 4.57 4.88 4.93
3.04 x 10-s 4.08 4.24 4.53 4.64

4.89 x 10-s 6.08 x 10-s 3.83 3.83 4.00 4.L6
(High RaÈe) L.22 x LO-4. 3.64 3.81 3.99 4.23

2.43x l-0-" 3.76 3.75 3.86 4.03

pH

Tlme of Incubation (Davs)

Control 7.54 6.t+2 5.1-9 5.03


