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I)l'r:b::JDFCTION 

Soil-p~ospr·orus relations anrl plant-pl:osphorus relations have 

attracted the interest of many investicators since Liebig introduced 

his famo s theory about the importance of the mineral matters to the 

plant in 1840 . It was soon realizec that phosphorus nutrition was a 

problem not easily solved for u1o reasons. l. The added phosj:horus 

fertilizers, soon after soil application, are converted by some reac

tions in the soil to co~plex compounds far less soluble , consequently 

less available to the plant Conclusions about this process led to 

contr oversial debates until it was discovered that a general statement 

cover ing all soils was impossible since U:e reactions involved in each 

case are different. 2. There was confusion caused by the use of two 

terms coined to express the plant's need for p~osprorus. The first 

term, soluble j:hospho:-.1s, was based on the assunption that nutrient 

absorption is a simple diffusion of ions from the soil solution into 

the roots 1'/h~le the second term, available phosphorus, was based on the 

observation that the plant absorbed n:ore than that which could be 

estimated as soluble phosphorus from sor.~e insoluble sources . A general 

definition was given to the term available phosphorus as " that part of 

soil phosphorus which may be absorbed by ordinary crop plant in the 

production of plant substance " Later some restrictions were applied 

to re~ard the phys~cctl condit~ons of both soils and plants . 

These two items just ment~oned r.ave an interaction whicr appears 

very clearly when tl-e term ava~lable phosphorus is re.:;arded from the 

point of determim tion rather than <'efini tion 
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As mentioned above, the added fertilizer phosp ~orus is converted by 

soil reactior~ to less soluble coc?lex cccpounds . The particular com

poWld or compounds fanned depend on tr.e various soil factors . For 

example , in soils of intermed.:.ate to higl. pH, 6.0 to 9 C. , the soluble 

phosphorus is ul tirna tely converted to some form of apatite. The 

particular apatite formed, and, conse~uently, the degree of solubility 

is determined by other ions or compounds suer as calcium carbonate 

(Caco3 ) or fluoride present in the soil. In soils of low pi' , 5.0 and 

lO".'Ier, the insoluble phosphorus co!"lpo.mds nay be formed from iron or 

alwdnum usually ?resent. Such r-.ine rals as dufrenite, an inn contain

in.> one, and ~lavellite, an aluminum containin..; one, are considered 

insoluble. The applied p: os9horus ma.v be temporarily il'.activated on 

the surface of t~e hydrated iron and aluminum oxides that may form in 

the acid soils. 

The first atten:pts to get a chemical solvent that would extract the 

nutrient phosphorus from tl.e soil in the same magnitude as extracted by 

plant roots was by be Britis! scie ntist, Dyer (1894) . He determined 

the root sap acidity of many different plant species and announced that 

1.0 percent citric acid has ~n acidity which resembles to a great 

extent the acidity of roots . But this idea did not introduce any 

progress in phosprorus nutrition. 

Of the many other solvents triect, tre two used most were 0.2 N 

nitric acid (HN03 ) and 0.002 B sulfuric acid (H 2so4). These tv1o 

reagents Ja.Ve satisfactory results for ac1d soils but when it came to 

calcareous soils we find tLt the correlation bet:-leen the amount of 

phosphorus extracted and plant response :1as rather poor. Ttls was 

because the Caco3 content of these soils reacts with the acids, 



rendering t hem uneffective in extracting phosphorus . After further 

research on calca reous soils, carbon dioxide and later sod ium bicarbon

ate were found to give good correlation between amount of phosphorus 

extracted and plant res ponse. 
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The Caco
3 

content of calcareous soils not only caused troubles in 

phosphorus research but was also found to cause di f ficulty in iron 

nutrition . Lime induced chlorosis has been recognized for many years on 

these calcareous soils where iron is i nactivated by complex combination 

of several react i ons in either t he soil or inside t he plant or beth. 

The Iii and phosphorus content of t he soil seem to have a major role in 

developing iron chlorosis. In first trials to cure iron chlorosis on 

calcareous soils by using the first chela ting agent used in agriculture, 

ethyl ene diamine tetraacetic acid ; (EDTA), no success was achieved 

because either the iron or the EDTA or both are inactivated. Later 

other chelating agents were produced to be used specifically on cal

careous soils with satisfactory success. 

Shortly after the first chelates were used , some evidence arose 

that the chelates might have an effect on phosphorus nutrition by 

increasing its availability (Bear, 1955; Brown et al ., 1960; DeRemer, 

1961). It would seem that a work covering this point could be 

profitable. The major objectives of this work were: 

l. To study the effects of hydrogen and iron chelate added to 

the soil on phosphorus mobility, solubility, a nd availability 

to pl ant from different phosphorus sources. 

2. To study the level of chelate concentration in regards to 

objective l. 

3. To study the phosphorus level in regards to objective 1. 



Sor.1e minor objectives ·.vere : 

1. To get oore infor:nation on the function of chelates . 

2. To increase our knowl edge on translocation of nutrients 

within plants. 

). To study nutrient interaction within plants . 

4 



LITERATURE REVIE'II 

How the Chela tes Function 

Chelates have been used in agriculture for the past decade as a 

corr ective for ce r tain malnutrition deficiencies developed by plants 

(Stewart and Leonard, 1952), TLe answer to the question as to how 

chelates function is not yet satisfactor ily answered. rrallace (1956) 

assumed that the sol uble iron chelate is absorbed by the root and both 

i r on and chelate move to the leaves . Once in the leaves the iron must 

be removed from the chelate before it will function in the metabolism 

of the leaf . How t!:e iron is removed from tl:e chela tes in the leaf i s 

unknown . i'fallace (1956) thinks that sunlight may be the key since i r on 

chela t e so l utions readily decompose in sunlight, and the reaction i n 

l eaves may be simila r. He even ;;oes further in emphas izing the adsorp

tion of the complexing agent by the roots wl:en he s tates that chela ting 

agents v1ithout metals can enter plants and reactivate i r on previously 

precipitated in the plant . In some of his othe r wor k , Wallace (1955) 

gives further evidence that the entire molecule of Fe- EDDHA is absorbed 

by pl ants . He bas ed this conclusion after detecting the red dye of the 

Fe - EDDHA one day afte r applying the compound to the root media. Tl:e 

chelate is red only when complexed with iron. 

The other viewpoint is su;gested by Tiffin et al. (1960 ). They 

analyzed the exudate of zinnia, sunflower, and soybean plants gr owing 

in media containing EDDHA or ferric chelate of this acid, Fe- EDDHA , for 

total iron, chelated iron, and chela ting capacity. The results showed 

that the average n:tio of chelated Fe to total Fe was 1 :12 . In the 

s 
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sa~e work i ron concentration progressively decreased from t he nutrient 

solution 11i th a concomitant increase of iron in the plant and an 

increase in the crelatinu capacity of the nutrient solution . A conclu-

sion was dra·.m that the plants selectively absorbed Fe and the EDDHA 

complex remained, for the most part, in U.e nutrient medium . In other 

work Tiffin et al. (1960) concluded tt.at the primary ro le of iron 

chelates in plant rrutrition appears to be tha t of n:a king iron available 

to the root and very little emphasis can be placed on the absorbed 

chela ting agent as an effective •notiva tor of iron within plants . Brown 

et al. (196o ) reported a reciprocal reLtionship bet,7een tre concentra-

tion of the chelating agent in tre r oot media and iron concentration in 

the top of red kidney beans. Tre concentration of chela ting agent was 

found to be a factor affecting the capacity of roo ts to absorb iron. 

From this work, whic h was not designed to study the absorption of 

chelate components, we can reasonably conclude that if the plant could 

absorb the iron chela ted molecule it would not develop iron chlorosis . 

But what could be understood here is that the iron nolecule alone is 

absorbed leavinG the complexin~ agent in the outside media • 

• tallace (1960) complicates t he picture furthe r when he states that 

more chela ting agent t r.an metal was found in some plants supplied by 

metal chelate. He refers to some unpublished studies using Fe59_ labeled 

and c14- labele d EDl1lA in which he found e quimola r amounts of the chelate 

and iron in the leaves, but he does not present a clear idea about the 

fate of the chela ting agent, either absorbed from t!1e growing media as 

such , or after separation from the metal. He does state, 

There is little evidence that synthetic chelating agents are 
metabolized in plants. Although iron chela ting agents 
undergo oxidation in the presence of sunlight, and leaves are 
exposed to sunlight, trere is no direct evidence Uat this 
oxidation is the manner in which chela tin.:; agents decor.opose 
in plants. 



llill-Cottin.:;ham (1957 1, usin.; a spectrophotor.:etric nethod to 

measure Fe -EDTA in t.'ce nutrient solution at intervals, found that a 

decreasP. in tre concentr ation of cl el e ted iron took place with out tLe 

formation of any free ED~, hence the conclusion that plants abso rb the 

·:1hole mol ecule. To explain how the iron is reCJoved f r om the complexing 

agent he suggests Uwt i n ultra-violet light ferric EDTA is reduce d to 

the less stable ferrous f orm and that repeated pLotoreduction and re 

oxidation releases sufficient OH Lons to precipi tate ferric hydroxide . 

Under conditions which inhibit !ilotoreduction, .:sing red cellophane 

frames to cover tonato plants , it has been found that prevention of 

photor eduction of Fe - EDTA did not prevent its utilization by plants . 

The mechanism by which iron is released from the chelate is still 

without experimental evidence. 
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The writer has the feeling that the opinion of Tiffin et aL (1960) 

is more l ogica l in explaining the function of cl·ela tes because it gives 

a more clear and co:nprehensive picture to what could be going on. If 

the chelatin[; agents are left in tr.e r oot medill!:! , it is logical to 

assume that they 7/ould do sor.:ething, and tris so:nething was first pointed 

out by Bear (1955) wl-en he states that "there is sane evidence that 

certain chelating compounds may have value in main taining fertilizer 

phosphorus in a more hiuhly avoilable st-ate in t he soil. " The work of 

DeRemer (1959 ) was the f irst designed to creek the validity of Bear's 

statement. Using iron or aluminum plosphate as insoluble p osphorus 

sources he suggested a cycle in the gro,·1th medium whicL starts .vhen the 

metal chelate gets in touct: with roots and the plants remove the cation 

from the chelate ~olecule. If there is ferric phos phate present, the 

complexi nb agent can ct.el a-ce some iron, led.ving t l-.e pcosphate in a 

soluble form , al ready avail~ble to the plants. 
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It is very interesting to probe in some work , even though not 

prima rily desiGned to detect the chelate-ptosphorus effects, and observe 

the relation be~Neen the chelate concentration in the medium and phos 

phorus concentration in the plant. '!he work of Brown et al. (1960) 

re presents an excellent exa~ple. The phosphorus concentration increased 

in the plant from 0.29 x 104 ppm by usins 0.16 M EDDHA in the nutrient 

solution to 0.35 x 104 ppm by increasing the EDDHA to 6 M EDTA, repor ted 

in the same work, increased the phosphorus concentr ation from 0 .22 x 104 

ppm to 0 . 42 x 104 ppm when the previously mentioned chelate concentra-

tions were used . 

Phosphorus Nutrit ion 

Superphos phate and rock phosphate are coinmon phosphorus fertilizers. 

From the field trials and labora tory experiments, t he evidences are 

extensive indicating the superiority of the first over the second 

source . Ensminger (1950) states that s uperprosphate was a more effec -

ti ve source of phosphorus than raw phosphates. Ensminger and Pearson 

(1955) state that a combination of superphosphate and rock phosphate as 

a phospho rus fertilizer might be economical in some cases; however, this 

was not the case in t he wo r k they reported. Moschler et al. (1956 ) 

report that the availability of residual phosphorus from superphosphate, 

measured in terms of ''A" value, was approximately four times that in 

rock phosplla te , Rogers et al. (1953), in an extensive review of j:hos 

phate fertilizers, reported that experience has sho;m that the response 

of crops to rock phosphates has been inconsistent, whereas response to 

superp~osphate on phosphorus defficient soils has been consistent . Also 

they reported some fac tors to influence the response to rock phosphate 

beside the initial phosphorus level in tre soil. Among these factors 



are the fluorine content, fineness, soil r eacti on , fee din~ power of the 

plants , or.;anic matter content of tlce soil , and rate of application . 

9 

The proble'!l of pJ-osphorus supply to the pl ant is not , however, 

solved by the addition of sol ·.Jble plosphorus sources to the soil because 

there are many factors that render the applied soluble phosphorus to 

less soluble forms and , consequentl y , less available to the plant . 

Olsen (1953) , in an excellent review on the subject , mentioned the 

followinv itens as the linitin· factors to the reaction between the 

applied prosphorus and the soil : 

1 . Soil physica l properties 

2 . Reaction •.1ith clay : where it had been sl:o·:m that a calcium 

saturated clay absorbs mo r e phos,,hate than a sodium-sa t urated 

clay . 

3 . Effect of ca lcium carbonate : which depresses phos;>horus 

absorption by both decreas ing sol ubil ity of soil phosphate and 

the tendency of Caoo 3 t o naintain a high pH . An absorption of 

phospha te onto the surface of the Caco3 particles is quite 

possible . 

4. pH of the soil : for a calcareous soil the results are in 

eneral agreement tha t phosphate solubility is at minimum in 

the range of pH 7.0 to 7 . 5 and increases wit h either an 

i ncrease or decrease in pH from this range. 

5. Salts on r oot nembrane : with a soil of a pH value of 6 . 96 it 

was found that tre chloride and nitrate of Na , K, JJc, and Ca 

inc r eased the total phosphorus content of pea plants . These 

results were explained by the fact that salt content affects 

the phosphorus uptake by pL..nts throu.;h two factors (1 ) the 

effect on phosphate solubility in the soils , and (2) the effec t 
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of the salt on t he root membrane. 

6 . Soluble salts in the soil: classically salts tha t do not have 

a common ion with the slightly soluble calc ium phosphate 

increase its solubility by decreas i ng the ions activity (if 

Ksp , whict is the product of the ions concentrations times 

their activity, has to be constant). Salts t hat rave common 

ions with C<i lcium phospb.ate decrease its solubility through 

the comnon effect action, although this effect is counter

acted to sone extent by decreasing the ions acti vity . In 

soil systems, however, many contradictory results have been 

reported, where NaCl, KCl, K2so4 all decreased the solubility 

of phosphate in calcareous soils . These results were explained 

by the effects of the added salto on incr easing the solubility 

of CaCO ~ which provides more ca ++ , which in turn depresses the 

solubility of calcium phospha te. Some other work showed that 

the effect of ca tions in depressing phosphate solubility to 

have the order ca > Mg > K '> Na , and the effects are less 

marked with sulfate than with chloride and nitrate. 

The fixation of the applied ptosphorus in soils brings up another 

problem beside that of decreasing t he solubility, t hat is, the uneven 

phosphorus distribution throughou t the root zone in that the r e is a 

piling up of the phosphorus in the surface. Tisdale and Nielson (1958) 

mentioned that the studies conducted in Iowa have shown that phos phorus 

plowed down in tb.e fall was more effective on corn than phosphorus 

disked i n the spring. The advantage of the plow- down application was 

thought to be related to deeper replacement and less mixing with the 

soil. Deep fertilizer applic~ tions were tried to get the phos[ho r us 
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down, to reach l owe r in the soil where most of the active r oots exist 

or where the available moisture is rel atively higher t han the surface . 

Stanberry (1948) found that the maximUl!l phosphorus uptake from applied 

fertilizer wa s (; reatest when the fertilizers we r e applied in bands 2 to 

4 inches deeper t han t he seed . There was little difference between t he 

two depths whe n t he soil was kept moi st , but conside rably mo re phos 

phorus was obtained f rom tte L-inch depth under drier conditions . 

Phosphate placed in bands either 2 or 4 inches deeper than the seed was 

more efficient t han the br oadcast applica tion . Haddock (1957) found 

that sugar beets used the pt osptorus f ertilizer more efficiently early 

in the season when it was banded 6 inches deep than when it was banded 

3 inches deep or broadcast. In the s ame reference it was reporte d that 

methods of application and position of the fer tilizer are important in 

relation to the type and development of the root system and product of 

the fertiliz e r reaction with the soil. Although phosphorus movement 

appears limited in mos t soil s , wa ter solubl e fertilizers may move either 

in solution or as discrete particles . This is in accordance with the 

results of Tl':o r (1933) who found that the downward movement of phosphorus 

following an application of phos phate roc k was greuter in open textured 

soils. He f ound an appreciable amount of phosphorus moved to the 24 -

inch depth in open textured soils. He believes that phos pll<i te rock was 

carried down by gravitational water and t hat the movement was largel y 

mechanical. 

Anyway, this movement introduces adequa te di stributio n of fine 

particles in the feeding zone where root s may maintain contact with a 

large ptosphate surface. In other words, the phosphate may become 

positiona lly availabl e . 
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The li terat-.Ire o..ttlined at·ove refers to the broad field of the 

;Jroblem in vlhicb tte current ·:1ork has interest. !.:ore references will 

be refened to in discuss in ... some of the detaUs of the results. Since 

tl:e writer has been ur.able to find any SJ.milar work tl:e re.;ults mi01t 

serve for initiating and developing a ne·:~ knowledge. In other words, 

this pioneer work might represent a new p!·ase in poosphorus-iron- chelate

soil- plant re:U.tions . 



1) 

PIA NT GRa;'l''llJ EXPERIJlEi!T 

l.:ethods and Procedure 

l.~oscow tomato seeds VJere germimted in a sand medium, June 27 , 

1961. Transplantation took place on July 1), 1961 , into one- sallon 

glazed crock containers which had drain holes in the bottom. Four 

plants were transplanted into each pot. Fine sand was used as a root 

medi~~ . To investigate the effect of chelates on phosphorus availabil

ity two sources of phosp!'.orus ·:tere chosen , t reble superphosphate as a 

soluble source and rock phosprate as an insoluble source. A modified 

Hoagland solution No. 1, full strength (1950) , was used. By this 

modification the solution contained no phosphorus or iron. See 

table l. 

From rock phosphate, two phosphorus levels were used, 66 and 1)2 

pounds phosphorus/acre (150 and )00 pounds P~5/acre), while only one 

level of superphosphate, 66 pounds ,nosphorus/acre, was used . The 

fertilizers were broadcast on the surface of the sand and a slight 

mixing into the subsurface was done; the phosphorus application was 

made just before transplanting. 

Iron was supplied either as iron chelate or as iron citrate, 

according to the different treatments . In both cases the concentration 

was 1.14 ppm iron, 

ED!llA (ethyllne diamine di-o-hydroJCYFilenylacetic acid) was used as 

the chelate material , either in the acidic form, H-ED!llA, or in iron 

chelated form, Fe-EDDHA . In the case of the H-EDDHA the concentration 



Table 1. Composition of the nutrient solution 

Stock 
solution 
number 

1 

2 

3 

4 

Compound 

Major element stock solution 

Compound Stocl( solution 
in stock in the 
solution nutrient solution 

ml/liter 

1.1. K!J03 6 

M. Ca(N03)2 4 

M. MgS04 2 

0.0466 !.I . H3Bo4 o.s 

Minor element stock solutiona 

Compound in 
stock solution 

g/liter 

1.81 

0. 22 

0.08 

0.02 

I on concentration 
in the 

nutrient solution 

ppm 

N03 : 868 

K 234 

Ug : 48.6 
s 192 

B 2.5 

Ion concentration 
in the 

nutrient solution 

ppm 

Mn o . s 

Zn 0 .05 

Cu 0.02 

Mo : 0 .01 

aA supplementary stock solution which will supply manganese, zinc, 
copper, and molybdenum. One ml of this solution is added to one liter 
of the major nutrient solution. 
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of the cheldting a.gent na~ used equivalent to that supplied by chelating 

agent in Fe-EDDHA wh1.ch ;·tould supply iron concentrati on of 1.14 ppm . 

Chelate applications were 3 days after transplant.ing. The reason for 

choosinG ED!ll.A in this work ·:ms its several advantages as centioned by 

.Vallace et al. (1955) which could be summarized a s follows : (l) 

gr eater stability, (2) relatively less toxici~, and (3) absence of 

appreciable fixation on tre clay fraction of the soil. 

To sun up the experinent, the treat~ents could be su~zarized as 

follOV1s : 

l. ~ • H2G 

2. ~ .. Fe - Chelate 

3. Rl • H - Chelate 

4. R2 .. H2o 

5. R2 .. Fe - Chelate 

6 . R2 _. H - Chelate 

1· s • H20 

8. s • Fe - Chelate 

9. S • H - Chelate 

7/here 11_ and S represent the rock jitosphate and treble super

phosphate supplying 66 pounds pr:osphorus per acre, and R2 represents an 

amount of rock phos phate that supplies 132 pounds phospho rus per acre. 

Each treatment consis ted of four replications and each replication con

sisted of four plants. The ;o,odified Hoa.:;land 1 s solution was added 

daily in sufficient quantity to allcm for drainage fro:n the holes in 

the bottom of the pots. The pots were distributed in the t;reenhouse in 

a completely randomized design . Iron was added in periods ·.v!:ich ranged 

fro::; 4 to 6 days. Iron as iron citrate ·:tas added a day before the 

hydrogen chelate to elirri.na te initial in tiro te contact between the iron 



and the chel ating agent. 

hlost of the plants di d very '1ell except on 5 pots , ·.1here due to 

some drainage trouble , the plants were far less vi;:;o rous than their 

partners within the same trea tnent . The plants were later eliminated 

frcm the yie l d account and chemical analysis . 

On August 14 , 1961, extensive observations were taken on the 

plants . The different nutrient defic iency symptoms were noted and the 

relative vigor of growth was reported. The heights of t he fou r plants 

in each pot were averaged to give a number representing the heigh t of 

the replication, and flower initi ation was reported . On the next day 

the flower s were removed and all blossoms kept off until the r.a rvest. 

On August 27, 1961, the plants were not irrigated to get ready fo r 

harvest . The height of the plants was recorded . On August 28 , 1961, 

the harves t was conducted in such a way as to obtain the root system 

of the plants. Ta p water wa s directed into the pot to remove mos t of 

the sand and the plants were pull ed out of the po t in a smooth way, 
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The plants of each pot were put in separate sacks and transferred to 

the laboratory, where the plants were a gain washed by tap water a nd 

then by distilled water . Roots were separated from the aerial parts, 

each put into a separate sack, and dried in a forced air drier at 75 F 

for 36 hours . The aerial parts were weighed . It was not possible to 

weigh the roots because some sand particles still adhered to them . Two 

sieves were used to get rid of this s a nd . The upper sieve (holes 1 mm 

radius) was coarse enough to pass sand particles and the fine root 

parts , but reta in the coarse roots. The second sieve (40 mesh) was 

fine enough to pass the fine r oots but retain the s and particles. 

After sieving, the coarse and fine roots were added togethe r and weighed. 
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After erinding the plant materials, samples were taken and digested 

in a mixture of WI03 and HCl04 as described in USDA Handbook 60 (1954) . 

Fhosprorus was detemined by the rr.olybdate - metavanadate method . Calcium 

was determi ned by the versenate method and potassiun •·tas determined by 

the flame-photometer. Iron was determined by the orthophenanthroline 

rrethod . 

Growth and development 

Qualitative oeasurements 

Results 

Color and size . - -On August 14, 1961, an extensive check was rna de on 

the plants in each treatment . Some plants ··tere nissin:; because of in 

complete drainage . Others were very slightly yellmt due to a suspected 

nitrogen deficiency. These plants were only in t he three treatnents 

involving superphosphate as the pi osphorus source . The plants rtere 

lar;;;e and well developed . The nutrient s upply to all plants !tas in

creased and the slight yellowing disappeared . 

Flower initiation. - -Glover (1953) found that corn reached the 

stabes of tasseling and silking at an earlier date wt.en the phospl.orus 

supply was ample . In the work reported here, there was no correlatinn 

between the added phosphorus or the availability of the phosphorus 

supply at flowering . iVall (1938) found that the maturity date for 

plants was advanced little or none by phosphorus fertilizer . 

It is, ha;tever, interesting to note the correlation between chelate 

treatment and early flowers . In those pots where no chelate was 

applied, there were flowers on 4 out of the 11 pots on August 14 . Out 

of the 20 pots receiving chelate, 11 showed flovters , 6 under the iron 
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chelate and 5 under Ue hydroGen chelate . '!his work was not set up to 

study this prase of the observations and no more can be assumed . It 

does introduce a question and more investigations a re invited . 

Quantitative measurements 

To make the statistical analyses, the average of each treatment was 

inserte d in the place of the nissing data for tl-ose treatments where the 

;Jlants did not survive . This procedure was followed in all the analyses 

that were evaluated . 

Heights on August lh . --From table 2 we see that neitrer the phos

phorus source or level thut was given no r the chelate treatments had any 

effect on plant height at this time. In the statistical analysis for 

this measurement , although phosprorus or chelate rave no significant 

effect, the interaction is significant. This situation is solved by 

Cochran and Cox (196(,) when they state, "If two factors are not signifi

cant but their interaction was significant, it is advisable not to lay 

much stress on the interaction in the absence of other conformatory 

evidence . 11 Such evidence is not available. 

Final hei;;hts . --The same conclusion that was given for the heights 

on August lL could be drawn concerning the fina l heigrt . Ti:ese conclu

sions are supported statistically. If the heiehts on August lL are 

subtracted from the final heights to give the ra te of development 

between two dates, it will be noticed that in all treatments an increase 

that runs around 100 percent was achieved . A difference in heiGht 

affected by treatrents is hardly expected if it is knmvn that the height 

of the living being is well controlled by heredi tary genes which are not 

very sensitive to the outside environment. 

Roots yield. - -I f root yield is regarded, it is clear that there is 

no effect of phosphorus treatment on their growth . This disapproves the 
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Table 2 . Growth and yield of toma to plants subjected t o t he different 
trea trnentsa 

Hei!.l!!t Drr wei~;:ht 
Treatmentb August 14 Final Roots Tops Total 

inches grams 

Rl + H20 11 .5 22.7 6 . 2 32 .3 38 .4 

Rl + Fe- EDDHA 10 . 0 20 .2 6 . 9 33 .0 39 .9 

Rl + H- EDDHA 14.0 22 .7 7 . 8 36 . 8 44 . 6 

R2 + H20 13.0 20 .4 8 .9 36 .1 45 . 0 

R2 + Fe - EDDHA 11 . 5 21.4 6 . 8 31.5 38 .3 

R2 + ll - EDDHA 12.7 21.5 7 .0 35.4 42 .4 

s + HzO ll . 5 20 . 9 7 .1 37 . 2 44 . 3 

s + Fe - EDlJIA 12 . 7 21. 9 7 .6 39 .3 46 .9 

S + H-EDDHA ll.5 20 .5 7 . 3 36 .5 43 . 8 

~verage of four replications. 
1 • 6 pounds pr.osphorus supplied from r ock phosphate ; R2 = 132 

pounds phosphorus supplied from rock phosphate; S = 66 pounds phosphorus 
supplied from t r eble superpl:osphate. 
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once-held impression about the stimul.A ting effect of phospt:o rus on root 

growth, but supports the conclusion given by BlAck (1957) where he 

states that 

if roots refers to the absorbing roots, phosphorus does not 
seem to have any special stimulatin~ effect . In fact, 
t r eatment of phosphorus deficient plAnts VIi th P fertilizer 
or dinarily increases the yiel d of the above- gr ound parts to 
a gr eater extent than the absorbing roots . The explanation 
given is that plants deficient in phospt:orus tend to be 
high in carbohydrate. \Then conditions are made more favor 
abl e for utilization of the carbohydrates in growth, a s 
when the supply of P is increased, tl1e proportion of the 
carbohydra te transloca ted to the root decreases. 

Wi th respect to the chelate treatments, it can be concluded that it 

had no critical consequences on root growth . 

Top yield . --The growth of tops as affected by treatment reveals 

several trends . The re has been a significant gain in &rowth by using 

superphosphate as a phospl orus fertilizer, while there has been little 

response to doubling phosphorus level from rock phosphate . These 

results add to the ~~merous citations re ported by Rogers et al . (1953) , 

which confirmed the superiority of superphosphate over rock pl.osj:hate 

in greenhouse experiments . 

Chelate treatment did not develop significant response , although 

it can be seen that iron chelate has decreased the yield while hyd rogen 

chelate has increased it, relative to the non-chelate treatment . This 

agrees with DeRemer's (1959) findin;;s. 

Total yiel d. --The effect of the different phosphorus and chelate 

treatments on the total yield of to~to plants follows the same pattern 

of their effect on top yield. Only the siGnificant response is lost 

here because the effect on root growth was too faint to be distinguished 

statis tically. 
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Chemical analyses 

After the plants were harvested they ·.vere separated into roots and 

tops. Following drying and grinding the plant material was analyzed for 

phospho rus, iron , calcium, and potassitL"' The results are reported in 

tables J and 4 . 

Chemical analysis of roots 

Rlos phorus. --As ca n be seen from table J, phosphorus source and 

level, as well as chelate treatment , gave different P,.osphorus content . 

The rate of increase was 65 and 35 percent for superphos !iJate and the 

high level of rock phos pr.a te, res pee ti vely, beyond that of the low rock 

phosphate level. These results support many works that ta ve been 

designed to prove the superiority of superphosprate . Fried and 

MacKenzie (1949) reported this superiority under moderately neutral 

soils. Chin et al. (1959) re ported the same results. Among the same 

phosphorus source and level the chelate treatment increased pt.osptorus 

content someti:tes up to 35 percent above that of the control. 

Iron.--None of the treatments used, either with respect to ferti

lizer phosphorus or chelate, had a statistically different effect on 

iron content in roots . However, several trends could be pointed out . 

Iron content decreased as phospl:orus supplied by the fertilizer 

increased. Chelate treatment increased iron uptake over that of the 

control. Hydrogen chelate increased iron uptake over that obtained by 

using iron chelate. This result might seem strange but it supports 

some of DeRemer's (1959 ) results 

Calcium.--No treatment produced a significant effect on calcium 

content of the roots. ;nth respect to phos phorus source and level , such 

an effect would not be ex pecte d because of the fact that r ock phosphate 

is as good a calciun source as superp:.ospb.ate (Thurlow et al., l 96o , and 
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Table J . Nutrient concentration in roots of tomato plantsa 

Trea trnent b p Fe Ca K 

microgram/ gram percent 

Rl • H20 220 167 ) . 20 ) . 92 

~ • Fe-EDDHA 2111 208 2. 8u ). 86 

Rl • H - EDDHA 279 237 2.98 3 .69 

R2 • H2o 286 182 2.91 3 . 70 

R2 • Fe-EDDHA 372 191 3. 23 11 .11 

R2 • H-EDDHA 383 2211 3 - 9~ 2. 94 

5 + H20 u23 12~ 3. 88 2.60 

5 • Fe -EDDHA u66 161 3 .01 2.96 

5 + H-EDDHA 398 19 2.66 3.0~ 

L.S .D. for leaching 
solution ( . 0~ ) 26 n.s. n . s . n . s . 

L.S.D . for phosphorus 
( . 0~) 1u n.s . n. s . 0 .39 

~Average of four replications . 
See footnote b of table 2, page 19 . 
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Table 4. llu trient concentration in top of tomato plantsa 

Treatments b p Fe Ca K 

microgram/gram percent 

R1 + H2o 140 45 ) .68 6 .03 

Rl + Fe-EDDHA 140 28 3. 48 5 .99 

R1 + H-ED!l!A 150 55 3 . 2 5.99 

R2 + H20 135 33 2.85 5.85 

R2 + Fe-EDDHA 155 41 2.73 6 .34 

R2 + H-ED!llA 1.18 71 2.84 6 .09 

s • H2o 25u 73 2.47 6.25 

s • Fe-EDDHA 213 77 2.27 6 .41 

S • H-ED!l!A 240 94 2.61 6 .55 

L. S.D. for leaching 
solution ( .05) n.s. n.so n.s. n.s. 

L.S.D. for phosphorus 
( .05) ll ll 0 .10 0 .18 

~Average of four replications. 
See footnote b of table 2, page 19. 
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Fried et al., 1949). Chelate treat::~ents, •oo, were not expected to give 

different calcium analyses, even tho .;l sorr.e of calciu::J would be cor.t

plexed by hydrogen chelate. The fact that calciun chelates have small 

stability constants means that soon after their formation the calcium 

would be substituted for by a cation that forms a stronger chelate. 

Also, the calcium supply was in exces~ to that which might be required 

for forming calcium chelate and plant requirement, because it was 

supplied by the fertilizer as well as by the nutrient solution. 

Fotassium.--Potassium contents of the roots were significantly 

affected by phosphorus supply in that they decreased as the p· osphorus 

supply increased. This could be attr~buted to either uptake antagonism, 

which is difficult to visualize, or to some factors that stimulated 

potassium movement to the aeraial part s. Chelate treatment was not 

expected t o give significantly different results. The same reasons 

mentioned wit! respect to calcium hold here also. 

Chemical analysis of tops 

Table 4 reports the analysis of the investigated nutrients in the 

tops of plants. 

Phosphorus ,--Within rock phosphate treatments, doubling the level 

of t.,e applied pl.ospt.orus did not affect the level of phospLorus in the 

tops, but superphosphate treatments greatly increased the nutrient con

tent beyond that obtained by either level of rock phosphate. 

The element content as affected by chelate treatments was negli 

gible . This might be due to some factors that depressed the advantage 

of chelate found in increasing the content in roots. 

Iron. --Iron content increased with increasing p~osphorus level. 

AlthouGh this result disa grees with r:w.ny reports, it agrees to some 
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extent with Mi ller et al. (1960 } who found that iron concentration in 

the leaves was not affected by phosphorus concentration in the growth 

medium. This result could be due to iron precipitation in the tops as 

iron phosphate (Biddul ph , 1951) . Chelate treatments had no significant 

effect on iron content but the consis tent trend of the cont ent pattern 

supports the discussion cited previously about iron content in r oots as 

affected by chelate . 

Calcium.--Galcium content in tops has decreased by increasing 

phosphorus level. T'ne lo·Ner content could be attributed to phospb.orus 

iron-calcium complex formation and precipitation in roots. Biddulph 

(1951) states that under neutral growth medium , calcium is an important 

constituent of phosphate precipitates . Chelate treatment has decreased 

the calcium content below that of the non-chelate treated plants, but 

the effect is not significant . 

Potassium.--The content of potassium increased in the same direction 

where phosphorus and iron decreased. This supports Perkins and Purvi s' 

(1954) findings. Brown (1955) found that t he increase of phosphorus in 

the sap of soybeans was associated with high potassium concentration. 

Discussion 

Nutrient content 

If growth is regarded, chelate treatment did not develop signifi

cant response, although it can be seen that iron chelate has decreased 

the yield while hydrogen chelate has increased it, relatively to the 

non-chelate treatment . This agrees with DeRemer 's (1959} findings. 

DeRemer explained his findings as a result of the small iron supply by 

hydrogen chelate compared to iron chelate which would allow the plant 
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to utilize the phospl:orus it received . In this work , as revealed by the 

chemical analysis , hydrogen chelate trea tment contained more iron than 

iron chelate treatments . So, if precipitation of pmsphorus in roots is 

the reason for depressing the yield , iron uptake , i n situ, is not 

important , but the stress should be applied to how the iron is supplied 

in each case . Brown et al. (1959, 1960 , 1961) reported tha t there is a 

co~petition between roots and the chelating agents for possessing iron 

molecule . Ttis basis could serve in explaining the high iron concen 

tration obtained by using hydrogen chelate rather than iron d :elate . 

The chelating agent is assumed to act just as a carrier of i r on from 

the medium to the r oot , but is not absorbed by the roots. In the case 

of iron chelate, the root has to expend a relatively greater effort to 

extract iron mo lecul e from the chel a t e structure . In the case of 

hydrogen chelate, the same magnitude of effo rt is not required because 

upon addition of hydrogen chelate to the root medium, it comes in con

tact with an abundant supply of cations , such as Ca , Mg, Zn , Cu, K, 

and ~ that can be che!Gted by the acid chelate , and tris would decrease 

the ability of the chelating agent to chel ate all the iron supply in the 

medium . In other 'No rds , the cl:elating a bill ty of the acid chelate in 

this case would be shared by many cations l eaving more iron in the i onic 

form in the soi l solution . If this assumption i s correct , it leads to 

the conclusion tha t in the acid chelate treatment , plants r.ad two 

sources of iron , iron supplied in the ionic form and th.at amount that 

had been chelated to form iron chelate. 

There is another possibility which explains the relatively low iron 

content of the iron chelate treatment extracted from information cited 

by l.lartell and Calvin (1952) . They state that by increasing t he number 
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of the donor t;roups in the chelate , the stability constant of the che

l ate increases . So it could be visualized tha t upon iron chelate 

application to the medium, where phospr .. te is available, pl.osph:. te would 

be incorporated in the cheL te structure as «n active group foming 

mixed chelate , ,·1hich would be expected to have greate r stability con

stant tlan the original chelate, consequently iron avai la bil ity to the 

plant would decrease. Chelate has increase d phosphorus content in 

r oots. There are several possibilities to explain ·.-1hy this was so . 

First, the chelate has a significant r ole in increasing ptos phorus 

solubility on its own, or the pJa nt is involved in tte me chanism . 

Second, the chelate increased i r on uptake a nd this iron was precipitated 

in r oots as iron phosphate. Third , t re ctelate, thou~ encouraging by 

some means the p'cosfJhorus uptake , had in some way depressed the movement 

of prosphorus to the aerial parts . In tops, if phosptorus content of 

rock phosphate treatments i s related t o the superpl:os phate treatment, i t 

would seem that the effic iency of the hi&her level "f rock p" osphate was 

greater than the lower level if roots were regarded, but the two levels 

have t he same efficiency if the tops were under consideration . Inacti

vation of ,lhosphorus in r oots by forming iron phosphate is eliminated as 

a reason of this decreased efficiency because iron content in roots with 

the lower level of rock wa s larger than that of the highe r level while 

the content was reversed in the tops. Inactivation of !X1osphorus as 

calcium phosphate in the roots is a poss ible explanation. This is 

supported by the fact that calcium concentration in tops of this treat

ment was relatively low . 

To have a more comprehensive idea about the effect of the different 

treatments on phosphorus and iron uptake, nutrients content have been 
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related to eacr other in several co~binations. The followinJ section is 

ievoted to t~is purpose . 

Nutrient translocation r atios 

Translocation has been used in plant studies to indicate how much 

of the applied element has moved from the point of application to 

another point . Time may or may not be a factor under consideration . In 

this work the tenn translocation will be used to indicate a distribution 

concept ; in other words , how much of the absorbed element is located in 

roots and how much in the tops . The ratio of these t.vo amounts 

facilitates the contrast. Table 5 gives the ratios of the fo~r nutrient 

elements analyzed . 

Fhorphorus 

Iron chelate treatment depressed the phosphorus movement from the 

roots to the tops mo re than any other treatment. One reason for that 

might be the formation of the immobile iron phosphate . From the first 

sight, suspicion could be thrown on the validity of this reasoning 

because the analysis revealed more iron uptake with hydrogen chelate 

treatment than with iron chelate, but this fact could not be serious if 

we discuss the way by which iron is supplied in each case . ilith iron 

chelate as an iron source, the supply is given one at a time which makes 

it mo re effective in precipitating phosphorus . Hydrogen che late 

supplied the plants with more iron, but the supflly was in a gradual 

pattern . If we review the method under wl:ic h the hydrogen chelate 

treat~ent was imposed, we find that iron citrate wa s added in the first 

day , so the plant will absorb some iron, and the next day the !:ydrogen 

chelate was added which will complex some of the remaining iron and con

sequently provide more available iron . 
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Table 5. Nutrient translocation ratios for tomato plantsa 

Treatmentb p Fe Ca K 

11. + H2o 1.57 J . 75 0 .86 0 . 65 

Rl + Fe-EDDP.A 1.95 1 .u2 0. 81 o . 6U 

Rl + H-EDDHA 1. 86 . )0 0 . 91 0 .61 

R2 + H2o 2.11 5-51 1.02 0 . 63 

R2 + Fe-EDDHA 2.uo u .65 1.18 0 . 65 

R2 + H-ED!l!A 2.uo 3 . 15 1.39 o .us 

S + H20 1.69 1.71 1.57 O.Ul 

S + Fe -EDDH.A 2. 18 2. 09 1.32 0 .46 

S + H-ED!l!A 1.65 2.06 1.01 0 .46 

aExpressed as the ratio of concentration in roots :concentration in 
bsee footnote b of table 2, page 19. 

tops . 



Tl:e high phosphorus content of roots does :>ot neces s;, rily , in all 

cases, indic&te phosphorus precij)i tation . Biddulph (1952, indicates 

that by increasing j)hosphorus l evel in the solution ccl ture, tr.e rate 

of increa5e in pf.osphorus content in tl.e roots was higher than i n the 

stems and leaves . With still higher phosphorus concentration in the 

solution, tissue concentrations began to level off. The results of 

table 5 support Biddulph 1s observation, where we find that the ratio 

has increased by increasing phosphorus level from the low to the high 

level of rock phosphate , then decreased by increasing the phosphorus 

supply by superphosphate . 

Iron 
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Phospr orus level ras a prom~nent effect on iron translocation 

ratio . The translocation was increased by an increase in phosphorus 

level . This sounds like a contradiction to many r eports (Neher , 1950 , 

and Doney, 1959). But it could be said that conditions Ylhich inaugurate 

iron precipitation and decrease the available iron s upply might also 

develop some kind of "thirst " within the plant for iron which might 

improve iron translocation relative to that observed when iron nutrition 

is under 11no tension . " This concept of "i ron tension " has so~ support 

in work by Rediske and Biddulph (1953 ) and Doney (1959) where they found 

that the best translocation of foliar applied iron occurred when the 

plants were grown in a solution containing no iron. Superphosphate 

treatments gave the best translocation ratio. Beside the postulation 

of "iron tension" that improved translocation, the effect of superphos 

phate on the gr owth of tops might r.ave stimulated some physical 

processes which increased the iron content in the tops. 

Non- chelate treatment gave better translocation tran hydrogen 
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chelate treatment because the latter treatment supplied more iron, also 

more phospl· orus . The hydrogen chelate would be expectec to produce more 

iron phosphate, consequently less iron translocation . 

Calcium 

The effect of different treatments on calcium trdnslocation :s not 

as pronounced as it was in the case of iron; also the pattern is not as 

easily distinguished . However, it can be seen tb .. t the rat io of calcium 

translocation is in the reverse direction of iron translocation . In 

almost all cases, ·;;l:enever tl:e ratio of iron translocation was at a 

minimum, calcium ratio was at a maximum . Biddulph (1951) reported that 

under conditions of ne tral !il's plosphorus precipitate in the plant is 

a complex of phosphorus , iron, and calcium. The data repo rted here 

sUJ~est that phospl crus - iron compounds have the priority, and the excess 

of phospl crus after iron phosphate precipitation reacts with calcium to 

fonr. insoluble compounds of calcium phosphate, which might acc=late on 

the previously formed iron phosphate giving a final complex of 

pl:ospl:orus-iron- calcium compound. 

Potassium 

The level of rock phosphate did not have much effect on the 

potassium translocation r atio . However, phosphorus rom superpl:osphate 

influenced the ratio. This is to say th~ t under conditions of pl:os 

phorus abundance, not necessarily leading to better growth as indica ted 

by a greater yield , the physiological processes in the plants ·;1ere 

active in such a way as to acquire and accumulate greater amounts of 

potassium . Smith (1955) has sho;·m potassium absorption by plants to be 

in an inverse proportion co calcium concentration in ~~e mediure . The 

same kind of relation could be figured out concerning the ratio of 

potassium and calcium translocation. The ratio of iron translocation 



agrees to some extent wi~~ the direction of potassium trdnsloca t ion . 

. !illar (1959) states that potassium i mproves iron translocation within 

the plant. 

Nutrient interrelation 
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The concentr ation of the elements analyzed has been related to each 

other in different combination to show some of the possible interactions 

bet.veen them . 

In roots 

Phosphorus to iron ratio . --Table 6 shows nutr ient interrelation in 

roots . The phosp~orus : iron ra tio ( P/Fe) gives a practical evaluation 

to the actual effect of chela tes on increasing consequences which limit 

the abil ity of the plant to use the extra phosphorus that has been 

rendered available . 

The ratio was at a minimum and a maximum under the low level of 

rock phosphate and superphosphate treatments , respectively . ;"lith t he 

lowest ratio, tl':e plant did not develop p!':osplcorus deficiency symptons , 

maybe because it i s still far from the critical ratio , or also because 

of the extreme r.~obili ty of phospl.orus within the pl ant (Biddulph , 

1952) . The higl': ratio was not associated by iron chlorosis symptoms , 

as suggested be DeKock et al. (1955) . There mieht be two reasons why 

this is so. First, th e ratio did not reach the chlorosis critical 

level , and second, the tomato variety used in this work might be 

resistant to ~~is problem. Information proving or disproving this 

resistance is not available . 

DeRemer (1959) found that chelates decreased the P/Fe ratio . This 

was under some conditions of the present study but the overall effect 

contains a possible interaction bet.·1een the amount of t:hos~l.orus and 
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Table 6. Nutrient interrelations in roots of tomato plantsa 

Trea tmentsb P/Fe Ca/P Ca/Fe Ca + K/P Ca + K/Fe 

R1 + H2o 1.31 145 191 323 426 

~ + Fe -EDDHA 1.31 104 136 264 3 8 

Rl + H-ED!JlA 1.18 107 125 23 9 281 

R2 + H2o 1.57 102 159 231 363 

R2 + Fe-EDOOA 1.94 87 169 198 387 

R2 + H -ED!JlA l. 70 103 176 179 307 

S+ H~ 3. 38 92 310 153 518 

s + Fe-ED!JlA 2. 89 65 186 129 370 

s + H-ED!JlA 2. 05 67 137 143 294 

~Expressed as concentration ratios. 
See f ootnote b of table 2, page 19 . 



i ron supplied, ··1!:ich complicates the picture . Under condition5 of 

licU. ted phosphons supply, such as the lo·;~er level of r ock phosphate , 

chelate had pr oduced a significant effect on increasin~ phosphorus 

avail ability to the pl ant , but in t he same time it pr ovided more iron. 

It i s a matter of rela tivity then, on how far the ava ilability of both 

phosphorus and iron woul d be increased , Umt affects the ratio . For 

exa mple, under this level of r ock j:hos:>hate, iron che l ate increases 

hos phorus ava ilability. If we assume that the effect of the two 

chel ate f onns on increasing phosphorus availability is about the same, 

'"lhich is supported by the equal p~osphorus content in both cases, the 

pr ime factor t hat affects the ratio woul d be i ron . I t -.-,as explained 

previously why hydrogen chelate tre tment rendered nore iron to t he 

plants and t he r eby decreased the r a tio . 

Under the higher level of r ock phos phate , although chelate in

creased phos horus uptake f ar beyond the non- chelate treatment , the 

ratio does not ref l ect t his increase because of the concomita nt change 

in i r on uptake. The efficiency of iron chelate -:1as a ;.>parently greater 

in t he dir ection of increasine pl.os pl.orus uptake rather tr.an iron 

uptake . Hydrogen chelate increased the j:hosphorus uptake to t he same 

extent as did t he i r on chel ate but the P/Fe rati o is less than for the 

i r on chela t e t reatment be cause of the i nc r eased i ron uptake . 

Ca l cium to phosphorus ratio . --Generally, the hi ghes t and l owes t 

calc i ur.uphos pl-:orus (Ca/P) ratios ·:1ere as socia te d r1 i th the non - chelate 

and chel ate t r eatment , respectively . The high ratio could be a result 

of e ither high calcium c ontent or low phos phorus content . The low 

ptos pt.orus content of t he non- chelate treatments ha s be en s r crnn and 

expl aine d previous ly . 
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It has been mentioned befo re that calciun could be complexed by the 

chelate used . In the case of hydroge n chelate the reaction is a dir ect 

one between the chelating agent and the calcium ions in the soil solu

tion . In the case of iron chelate , the chela ting agent is released in a 

free fonn capabl e of chelating calcium whe n the i r on is removed . In any 

event, calcium bounded to the chelate did not a ppear to have any sig

nificance in the calcium concentration of the roots, but when we combine 

the different pa rts of the picture , the chela t e effect is clearly seen. 

Anothe r point to be mentioned he r e i s that the Ca/P ratio was high under 

conditions where iron c ontent was not at its maximum. Biddulph (1951) 

mentioned that calcium is an importa n t part i n the phosphorus 

precipitates within t he plant. 

Calcium to iron ratio . --It seems that the calcium :iron (Ca/ Fe ) 

ratio was not very sensitive, at l east in a direct manner, t o the phos

phorus levels as are t he ratios discussed previously. However , it seems 

too that effect of chelate treatment on the ratio has s ome interaction 

with phosphorus level . In the low rock phosphate level the ratio is at 

its maximum and minimum under non-chelate treatment and hydrogen 

chelate treatment, respectively. This is due to two reasons: (1) t he 

limited uptake of iron in t he first treatment and (2 ) the high iron 

uptake and limited supply of calcium in the second treatment. The 

first and second point could be thought to have some kind of interaction 

where the limited supply of iron in the first non-chelate treatment 

presented a chance to calcium to be precipitated in roots as calcium 

phosphate. In the high level of rock phosphate the situation l ooks to 

be the reverse, but checking the nutrients content reveals the fact 

that there has been relatively little increase in iron content by 



chela te treatment . In the superpr. osphate treatment, nothing new could 

be added here except that the very high value of the ratio in the non

chelate treatment is probably due to the very low iron content in the 

roots, pres~bly due to iron precipitation outside the roots, which 

encourages calcium phospha te forretion in the r oots . 

Calcium plus potasssium to phosphorus ratio . --The calciun pl us 

potassiun : phosphorus (Ca + K/P) ratio follows the Ca/P ratio . In bo t h 

cases ptospr~rus level has its effect in decreasing the ratio by 

supplying more phosphorus . 7fithin the same phosphorus trea trnent the 

ratio in the chelate treatment was les s than in the non- chelate treat

ment , with hydrogen chelate treatment consistently the lower . 
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Calcium plus potassium to iron ratio . --The calcium plus potassium: 

iron (Ca • K/Fe ) ratio has the same pattern of Ca/Fe ratio . Though less 

sensitive to phosphorus supply , there apparently has been the same 

interaction between the chel ate effect and phosphorus level in the same 

way discussed in Ca/Fe ratio . 

In the tops 

Table 7 presents the data for the ra tios of the various nutrient 

elements found in the plant tops . 

R'losphorus to iron ratio . --For the most part, the iron concentra

tion was responsible in fixinG the value of the P/Fe ratio rathe r t han 

the phosphorus concentrat ion . In the lower level of rock p.1osphate 

there was a small change in phospl:orus concentr ation, wt ile iron 

fluctuated according to whether chelates were used or not . The i ron 

content was very l ow in the tops of iron chel ate treatment; presumably 

i ro n has been i nac tivated in roots through a reaction with jilos ;>torus . 

This explanation is supported by checking the ratios of nutrient trans

location where this particular treatment gave the highest P/ Fe ratio 
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Table 7. Nutrient interrelations in tops of tomato plantsa 

Treatmentsb P/ Fe ca;P Ca /Fe Ca + K/P Ca + K/Fe 

R1 + H;!J 3.ll 262 817 650 2024 

R1 + Fe-ED Ill A 5 .oc 248 1242 676 3382 

Rl + H-EDIHA 2.73 216 589 615 1678 

R2 + H2o 4 .09 211 863 644 2636 

R2 + Fe -EDOOA 3. 78 176 665 585 2212 

R2 + H-EDIHA 2.09 191 40u 603 1257 

s .. H2o 3.42 98 338 348 1195 

S + Fe-EDIHA 2. 76 106 294 407 1127 

S + H-EDDHA 2.55 l OB 277 381 974 

aExpressed as concentra tion ratios. 
bsee footnote b of table 2, page 19 . 
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(lowest iron translocation) in the ''Thole experir.~ent. 

On the contrary, the efficiency of hydrogen chelate, under this 

level of rock phospi>.ate, in maintaining iron to the tops of the plants 

has been superior to its efficiency in supplyin,; ptos,borus 71rich caused 

a decrease in the ratio to an extent which surpassed even the non

chelate treatment . In the hiGher level of rock p.osphate as well as the 

superphosphate treatments, the pattern of P/ Fe ratio is the same , i.e ., 

the highest ratios ·:1ere obtained in tl.e non-chela t.e treatment and the 

lm·1est in hydrogen chelate treatments. These results could be regarded 

as the effect of chelate on increasing pr.osphorus concentration while 

not increasing iron concentration to the same extent . In the overall 

expe riment, the ratio is at l!'.axir.~um in the lowe r level of rock phosphate 

and at minimum in the superj:hospha te treatment . The reason for this 

could be hardly explained because it is expected that pl osphorus, which 

is a major nutrient taken up and used by plants in greater quantities 

t.11an iron, should have a more ir.lportant role in fixing the value of the 

r a tio . Since the po;·1er of superpt.osphate in supplying j:hosphorus is 

much greater than r ock pl os.Jhate , it is expected that its treatment 

should have greater value, but this \'las not the ca~e. Another possi

bility in explaining the l ow ratio in superpl:osphate treatment could be 

thought of as a result of the better growth which diluted phosj:horus 

concentration (Seay and Weeks, 1955 ). However , if the extra growth of 

plants has diluted p!:osphorus concentration there is no justifiable 

reason to assume that tirl.s growth did not dilute the iron ocncentration. 

CompJ. ring the leaching solution on the basis of the whole experi 

ment indicates that the highest value of the ratio v1as associated with 

iron chelate treat~nt. That is because its efficiency in supplying 



more phosphorus, while a part of the absorbed iron was inactivated in 

the r oots . 
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Calcium to phosptorus ratio .--T~e ratio of calcium : ptos pro rus 

(Ca/P1 was less in chelate treatments . This can be attributed to 

several possibili t ies . The first is the effect of chelate in main 

taining a higher prospho rus content . The second is the possible effect 

of chelate in complexing some of the calciur.~ , which has decreased its 

uptake or t r anslocation to the tops. A third poss ibility is tr:e 

inactivation of calciQ~ in roots . In t~e overall experiment, the Ca/P 

ratio was decreased by increasing phospLorus level. This could indicate 

that calciur.J content in plant tops was not increased to the same extent 

that phosp!lorus VIas upon increasing p' .osphorus supply, 

Calcium t o i ron ratio . - - By increasinG the phosphorus supply, the 

Ca/Fe ratio tended to decrease . This indicates that the phosphorus 

source was not a cri tical factor in calcium supply . Even if there was 

an e ffect, the calci= supplied in the nutrient sol ution would have 

been e nough . The lowering of the ratio , then, bJ i ncreasing the phos

pho rus supply i s a r esult of the rel;tive increase in i r on content more 

than a decrease in the calcium content . There is another factor to be 

consider ed here ; that i s , the decrease in calcium content by incr eas ing 

phos phorus suppl y . This had been explained pr evious ly as the pri or ity 

of i r on a nd calcium t o form calcium- phosphorus pr ecipitates . With 

adequa te phosptorus supply calciur.1 would represent a good share of 

phos phorus precipitates . If chelate treatments ;·1ere regarded in the 

overall experiment, it can be seen that the ratio was least in the 

hydr ogen chelate t r eatment . The major factor in ttis decrease is in

creasing i r on content while complexing calcium stands as a minor factor . 
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Calcium plus potassium to phosphorus ratio.--The ;:a ttern of the 

Ca + K/P ratio resembles to a great extent the Ca/P ratio. Beeson et 

al . (19uu) founc that as calciUM content of leaves inc~ease~ ~~e 

potassium content decreased. Smith (195'"; found that potassium 

absorption was inversely proportional to calcium absorption. On such a 

basis the ratio of Ca • K/P is expected to be different from Ca/P, but 

it could be said that plant absorption of cations and anions p~s 

equalized the two ratios. Ar.:>ther possibility is provided by 1:illar 

(1958) : "It is suggested tr.at the et,Llivalent cation content, puticu

larly calcium, magnesium, and potassiw:: of a .;iven plant is approximately 

a constant ." 

Calcium plus potassium to iron ratio.--The conclusions mentioned 

in discussing Ca/Fe ratio could still hold for the Ca + K/Fe ratio. 
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UriCHillJ EXPEiU!.:E:!'i' 

Methods and Procedure 

Soil columns were set up in the laboratory in cylindrical, trans

parent plastic tubes, 17 inches high and 1 7 inches in diameter. The 

bottom of the tubes •ere plugged by ~o filter papers enveloped by ~no 

sheet s of cheese cloth fixed around the outside of the tubes with 

sticker tape. The tubes, dipped in a funnel, were held vertically with 

a burette clamp. Fine sand was used to fill the tube up to within t-:10 

inches from the top. Rock phosp!'ate and treble su;;erphosphate were 

used as phosphorus sources in this work in amount equivalent to 44 and 

88 pounds phosphorus per acre (100 and 200 lbs. P205/acre) from rock 

phosphate and 14.5, 29, 44, and 88 pounds phosphorus per acre (33, 66, 

100, and 200 lbs . P20s/acre) from treble superphosphate. The fertilizer 

was broadcast on the surface of the sand except in the case of 14 .5 and 

29 pounds phosphorus where definite amount of the fertilizer was sus

pended in a volumetric flask and shaken for one hou r and an aliquot 

containing the desired amount of phosphorus was sprayed on the surface. 

The leacha t e was caught in 250 ml Erlenmeyer flask. The leaching solu

tions were distilled water, iron chelc>te, or hydrogen chelate. The 

chelate concentration was 2 ppm for all the phosprorus levels with an 

additional concentration of 6 ppm for the 44 and 88 pounds phosphorus 

levels. 

To minimize evaporation, parafilm was used to cover the top of the 

flask with a hole in the center for the funnel stem; at the same time 

250 ml beakers were used as lids for the top of the tubes. The leaching 



solutions were added slov1ly to the toi' of the sand in amo'Jnts equal to 

200 ml , given as two equal portions of 100 ml each , in the morning and 

the evening of the same day. Fror.t some prelir.!inary 11ork it was found 

that l eaching for four days with the ;Jroposed volu.'nes would leach out 

most of the soluble salts in the colu:nns as indicated by the very low 

conductivity of leachate on the fourth day. On this basis the columns 

were leached for four days, r.nd the leachate obtained daily nas filtered 

to eliminate any traces of very fine ;:>articles and then :1eibhed . 

fter ·.veighing the amo nt of leachate obtained in one day , the 

conductivity, calciun, pH, and pl!os;Jrorus were determined . TLe conduc

tivity was measured on a salt bridge, calciun: was deterr.!ined by the 

versenate method , and phosphorus was detennined by the stannous 

chloride - molybdate method. For those samples in which chelate had been 

applied, the iron chelate concentration was determined by the method 

described by Tiffin et al . (1960). 

Due to the fact that the used sand contained sane impurities , check 

blanks were designed where the leaching solutions 1'/ere used in the same 

manner on the sand , and the s "me dete min:. tions described above ;·1ere 

made . 

In all the work reported, each treatment consisted of two 

replications. 

To cover the question of phospf:orus mobili t,, in the soil profile 

as affected by the different leaching solutions, a suitable soil sampler 

·.vas devised. The sampler 11as ~ni tially a table spoon in which the 

broad end was first bent for:IU rd perpendicular to the stem and then the 

further half of the spoon cut off. Ai'ter four days of leacf:ing samples 

were taken f r om the surface and depths of 2, 4J 8, and 12 inches . The 
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sand was first dried and then digested in a mixture of Hti0
3 

and HClO 

and !Xlosphorus was determined by the molybdate-metavanadate method of 

Jackson (19581 . Rlosphorus mobility was studied only in the two higher 

levels of s~pcrpr.osphate treatment (4 and 88 pounds of phosphor~s per 

acre) leached with water or chelates. Both the 2 and 6 ppm level of the 

chelates were used . Soi l cores were taken f r om the blanks leached with 

the same leaching solution . 

Results 

Superphospr.a te as a p.':tosphorus source 

Effect of phosphorus level 

Superphospha te ?las added at rates of 0 .0, 14.5, 29 .0, 44 .0, and 

88 .0 pounds phosphorus per acre (0, 33, 66 , lUO, and 200 pounds P20s 

per acre } and was l eached in the columns by either water or 2 ppm iron 

chelate or hydrogen chelate for four days . The leachate was analyzed 

for the conductivity, calcium content, and phosphorus content and the 

resul ta will be discussed under those headings. 

Conductivity . --Y.~e data on the conductivity measurements for the 

different treatments for the four days are given in table 8 ; the data 

represented by figure l are for the sums of the four days. Since the 

weights of the leachates were not the same, the actual measurerrents 

were conve rted to a percentage basis by multiplying the measurement 

obtained by the ·.·1eight of the leachate, then dividing by one hundred . 

It is thought that such standardization would provide a more logical 

basis for comparison. 

The data do not point out any difference between tre leaching 

solutions in maintainin~ different conductivity. It could be due to 



Table 8. The adjusted conductivity valuesa of the l eachate extracted 
in four days by water and 2 ppm chelate ·.1l:en the phosphorus 
source was superphosphate 

Phosphorus Leaching LeachinG ~riod 1 dazs 
levelb solutionc 1 2 3 4 Sum 

micromhos 

0 1 30 5 0 0 35 
2 30 6 0 0 36 
3 32 10 0 0 u2 

14 .5 1 4u 12 1 0 57 
2 uu 9 0 0 53 
3 42 11 3 1 57 

29 1 55 13 2 3 73 
2 52 11 0 0 63 
J 53 12 1 1 67 

44 1 73 10 0 0 83 
2 72 8 0 0 80 
3 76 15 0 1 92 

88 1 110 17 1 0 118 
2 111 16 0 0 117 
J 111 18 5 0 12u 

~Actual conductivity times the weic;ht of leachate divided by 100 . 
Pounds per acre . 

0 1 ~ water; 2 ~ 2 ppr.1 Fe-ED!l-IA; 3 ~ 2 ppm H-EDIJHA . 
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tr.e concentrations used bein] dilute enougr to develop any difference, 

or it miglt be the measurement itself , too r ough to be affected by the 

used concentrations. 
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Calcium.--Table 9 reports the dat.:l for the ca.lciu::~ content obtained 

in the leachate for the cli.fferent treatments in the four periods. T!.e 

calcium data for the sum of all four days leachings are given in figure 

2 . F r om the table it is easily seen that calc~um content was not 

affected Qy the different leacting sol ution in the blank and low 

fertilizer level treatments. As the level of fertilizer increased there 

was a cl ear effect of chelate on the calcium removed in the leachate. 

Both i r on chelate and hydrogen chelate decreased t.l-je content cor.1pa red to 

the non- chelate treatment . Hydrogen chelate decreased the calcium con

tent more than did iron chelate. 

Phosplorus . - -Table 10 gives the data for the phospto ru s content fo r 

the !"our periods of leaching, and figure J shows the phosphorus data for 

the sum of the four periods. In t~e experiment as a whole, leaching 

solutions did not sho-:1 u.~ with a significant response. However , there 

has been such response with in the levels of superphostJhate used. In the 

case of the blank treatment, the differences were almost neglig~ble. 

With increasing the fertilizer level the difference began to appear. 

Leaching wit! both iron or Lydrogen chelate removed ... ore pLospl.orus than 

did water. 

Effect of chelate concentration 

In the first part of this experir.ent, several l evels of phosphorus 

from superpf.ospha te have been leached with water and chelate at one 

concentration (2 ppm) . The purpose of this phase of the experi.-nent was 

to investigate the effect of chelate averaged over the different levels 
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Table 9. Calciun content of the l eachate extracted in four days by 
water and 2 ppm chelate ,.,hen the phospl.orus source ·:1as 
superphosphate 

A1osphorus Leaching Lea chin,; ~riod 2 da;LS 
level a solut.ionb 1 2 3 4 Sum 

milligrams 

0 1 2. 7 1. 7 1.5 1.5 7. 
2 2. 7 1.6 1.6 1.4 7.3 
3 2.1 1.1 0.9 1.1 5.2 

14 . 5 1 10 . 8 2.4 1.8 1.8 16 . 9 
2 8.1 2 .5 1.8 1. 7 14 . 2 
3 9. 5 1.9 1.3 1.2 13.9 

29 l 14 . 2 2.6 1.9 1.6 20.3 
2 9.0 2. 3 1.9 1.2 lh .4 
3 9 .1 2.1 1.7 1.6 1L .5 

44 1 23 .9 2.2 1. 9 1.5 29.5 
2 20 . 7 2. 0 1.6 1.6 25 .4 
3 12.4 1.7 1.3 1.1 21.9 

88 1 27 . 8 2.5 2.1 1.8 34 .1 
2 23.1 2.5 1.8 1.6 30 .5 
3 18 . 2 2 .0 1.5 1.3 26.5 

a Pounds per acre. 
b1 ~ water; 2 z 2 ppm Fe-EDDHA; 3 = 2 ppm H-EDDHA. 



36 

32 

/ 
/ 

~ 

28 / 
/ 

/ 

24 / 

/ 

I 
,~ 

~20 
// 

1/ 
I 

~ ,, 

16 t 
_) 

,-;_-:::--

;r 
12 ,I 

;/ 
I I 

'1/ 
8 '· I H;P 

--·-- - Fe chelate 

-------- H chelate 
4 

14 .5 29 4 88 
lbs . P/acre 

- ;•(. 2. _.alciu-. C '} tu1t .e :.)a.ll 1 ~ 1c~vrt 
Ia; c 
nt 



49 

Table 10 . Fhosphorus content of the l eacl.a te extracted in four days by 
wa t er and 2 ppm chelate when the phosp!:orus source was 
superphosphate 

Pllosphor1JS Leaching Leachin~ Eer iod1 dazs 
level a sol utionb 1 2 3 4 Sum 

mi lli gra m.s 

0 1 0 .12 0 .16 0 .13 0 .13 0 .54 
2 0 .13 0 .15 0.14 0 .12 0 .53 
3 C. l4 0 .14 0 .15 0 . 12 0 .55 

14 .5 1 2. 44 0 .33 0 . 25 0 .18 5 .19 
2 5. 35 0 .31 L. 27 0 .19 5 .68 
3 3. 78 0. 38 0. 25 0 .19 4 .91 

29 1 9 . 77 0 .53 0 . 34 0 . 22 10 . 84 
2 9. 95 0 .50 O.JJ 0. 21 l u .96 
3 8.65 0 .57 0 .30 0. 24 9 .75 

44 1 12 .65 0 . 46 0 .32 v . 22 13 .65 
2 12 .60 0 .46 0 .32 0 . 22 14 .30 
3 14 .90 0 .45 0 .31 0 . 21 15 .80 

88 1 25.90 o. 78 0 .49 0 . 3L 26 .85 
2 25 .35 0 . 6~ o .LS 0 .32 26 . 70 
3 25 .56 o . 8L 0 . 55 0. 28 29 .35 

~Pounds per acre . 
1 = water ; 2 = 2 ppm Fe- ED!ltA ; 3 = 2 ppm H -EDOO • 
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of the f ertilizer. T'ne {il os pl.or..ts levels were fixed at 0 , 44, and 88 

pounds of phos ;>horus from super;>l:osphate while the le~cting solution 

varied through a wide range . The solutions used nere water, iron 

chelate at 2 and 6 ppm , and hydrocen chelate at 2 and 6 ?P~· 
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Conductivity . - -Table 11 given the data for the ad"usted conductiv

ity values obtained in the four leachin(i periods and fi.;'1re 4 sho1·1s the 

sum of the four periods for the water a nd chelate at t he hi,;her concen

tration (6 pJXl). It is seen that the !'li.,lJ c!.elate concentr atior. of the 

leacr.ing solutions inc r ea sed the conductivity. This gives the impres

sion, altt.ough probably not justified, that chelate by ore or ~ore 

me chanisms has increased the solubility of some salts which maintained 

not only a higher conductivity in the ~ir~t pe riod, but also in the last 

periods . 

Calcium . --Calc i um content of four leachates is given in t able 12 . 

Fi gure 5 shows the total culcium obtained with the hi.;her concentrations 

of chelate and water. The results of this ~)a rt are similar to trose 

obtained with lower concentration of chelate. Hydrogen chelate yielded 

less calcium in the leachate than did wate~ or i ron chelate treatrr.ents . 

There is just one point to be noticed he re concerning the high calc i um 

content of leachate using hi gh crelate concentration. If calcium is 

retained by the chelate molecule, it "auld be logical to expect less 

calcium in the leachate ,-,he n the more conc entrated chelut es were used. 

Tt:is is op;>osi te to the results. This discrepancy could be proved to 

be unreasonable by as suming that the high concentration of chelate has 

a solubilizing effect on the fertilizer salts which increased the 

cations in t be medium and in the leac r.a te. The solubilizing effect of 

the high chelate concentration is s upported by the fact that these high 

concentrations yielded highe r conductivity . 
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Table 11. The adjusted conductivity valuesa of the leachate extracted 
in four days by water and 2 and 6 ppm chelate when the 
phosphorus source was superphosphate 

Fl'losphorus leaching LeachinG ~riod 1 dal:S 
leve.~-b solutionC 1 2 3 4 Sum 

micromhos 

0 1 30 s 0 0 35 
2 30 6 0 0 G~ 3 31 10 0 0 
4 29 4 2 0 35 s 33 s 2 0 40 

44 1 73 10 0 0 83 
2 72 8 0 0 8o 
3 76 lS 0 0 92 
4 74 14 s 0 93 
s 75 19 11 3 107 

88 1 110 17 1 0 118 
2 111 16 0 0 117 
3 111 18 s 0 124 
4 113 16 4 1 134 
s 114 18 6 3 141 

aActua1 conductivity times the weight of the 
bPounds per acre . 

leachate divided by 100. 

c1 g water; 2 ~ 2 ppm Fe-EDDHA; 3 ~ 2 ppm H-EDDHA; 4 ~ 6 ppm Fe-EDDHA; 
S ~ 6 ppm H-EDDHA . 
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Table 12 . Ca1ciun content of the leachate extracted in four days by 
water and 2 and 6 ppm chelate .'lhen the phosphorus source 
was supe rphos pha te 

Phos phorus Leaching Leachin~ ~riodz dals 
level a solutionb l 2 3 Sum 

milligrams 

0 1 2. 7 1. 7 1.5 1.5 7.4 
2 2. 7 1.6 1 .6 1.4 7.3 
3 2 .1 l. l 0. 9 l.l 5 . 2 
4 2.6 1.9 L 5 1.6 7.6 
5 2.1 L4 1.3 1.3 6 .1 

44 l 23 .9 2. 2 1.9 1.5 29 .5 
2 20 . 7 2.0 1.6 1.6 25 .4 
3 12 .4 1.7 1.3 l.l 21.9 
4 20 .6 2.1 1. 7 1.6 26 .0 
5 15.5 LB 1.5 1.2 20 . 7 

88 l 27 .8 2. 5 2. 1 1.8 34 . 1 
2 23 .1 2.5 1.8 1.6 30 .5 
3 18 . 2 2.0 1.5 L3 26 .5 
4 27 .6 2 .8 2.0 1.6 14.0 
5 24 .4 2.9 1.8 1. 5 28.6 

aPounds per acre . 
bJ. E water ; 2 = 2 ppm Fe-EDDHA; 3 = 2 ppm H -EDDH.\ ; 4 = 6 ppm Fe- EDOO ; 
5 = 6 ppm H -ED rnA • 
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RJos phorus . --Figure 6 shows the total yield of phosptorus (sum of 

the four leachings; by us in.; hi,;her concentration of chelate and water 

and table 13 gives the ;ilos phorus content in each period. In the lol'l 

fertilizer level all chelate treatments yielded more phoEphorus than the 

non-chelate treatment . Iron chelate at the i:it;he r concentration yielded 

more p' .osphorus than at the lower concentration . The t is expected if 

the assumpt ion of mixed chelate formation is correct. In the case of 

hydrogen cl:elate the two c helate concentr ations were not significantly 

different at the 44 po nds of pl:ospl:orus level. At t he highest phos 

pho~~s level the highest chelate concentrat i on gave a signific~nt 

incr ease in phosphorus . 

Total phosphorus and recovery 

Phosphorus content in the leachate of the four periods unde r t he 

different treatments was stunned to give the total phos{ilorus that was 

leached out of t he columns. The results are shown in the first part 

of table 14. Phosphorus obtained froo the blank trea tment was negli

gibly small and to soll'.e extent was not an indicator to the effect of 

the leaching solution, so i t is not re?orted as a t reatment . 

From the table we can see that the previous conclusions concerning 

the phospl:orus level a nd chelate level still hold . Generally the phos 

phorus yie l d in chel ate treatments was greater than the non-chela t e 

treatment . This effect increases ~ the maximum under a. combination of 

a certain chelate form and phos pho rus level. See also figure ?. 

Another basis for compar ing the effect of leaching solutions on 

phosphorus solubility can be obtained by calculating the percentage 

recovel"J . This basis ·,'/Ould provide the knm1ledce of how much of the 

applied pl:osphorus was obtained out of the columns as affected by 
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Table 13. Phos phor us content of the l eachate extracted in four days by 
water and 2 a nd 6 ppm ct·elate when the phosphorus source was 
superphosphate 

Phosphorus Leaching Leac hin~ ~riod , days 
level a s olutionb l 2 3 4 Sum 

milligrams 

0 l 0.12 0.16 0.13 0.13 0 .54 
2 0.13 0.15 0.14 0.12 0 .53 
J 0.14 0.14 0.15 0.12 o.ss 
4 0.15 0.16 0.15 0. 14 0.58 
s 0.15 0 .16 0.14 0.12 0 .57 

44 1 12 .65 0.46 0.32 0. 22 13 .65 
2 13.35 0.46 0. 31 0. 24 14 .30 
3 14 . 90 0.45 0.31 0. 21 15. 00 
4 15 .60 o.so 0.32 0. 22 16.60 
5 14 .30 0.56 0.32 0. 23 lS .So 

88 1 25 . 90 0.78 c.49 0.34 26 .85 
2 25 . 35 0. 68 0.45 0. 32 26 . 70 
3 25 .55 0. 84 0.55 l .28 29 .35 
4 31. 90 0. 81 o.53 L.35 33 .55 
5 30 .50 0.84 0.54 0.43 32.30 

a Pounds per acre . 
bJ. ~water ; 2; 2 ppm Fe - EDDHA; J 2 ppm H- EDIF.A; 4 ; 6 ppm Fe- EDll!A ; 
5 ; 6 ppm H- EDDHA . 
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Table 14. Total phosphorus and !)<lrcentage of phosphorus recovery in 
the leachate with water and 2 and 6 ppm chelate when the 
phosphorus source was superpt:ospr.ate 

Tota l 0 Recover:z:d 
Fhosphorus Leaching Re,elication Re ,elication 

level a solutionb l 2 l.!ean l 2 ean 

milligr ams percent 

11 .5 l 4 .99 5.39 5.19 73 .5 79 .4 76 .5 
2 5. 88 5.47 5.68 86 .7 8o .6 83 .7 
3 5.49 4 .32 4.91 80.9 63 .7 72 .3 

29 .0 1 10 . 74 10.93 10 . 84 71.3 72 . 8 72 .1 
2 10.82 11 . 1.:9 10 . 96 79 . 8 81. 7 80 .8 
3 9.50 10 .00 9. 75 70.1 73 .7 71 .8 

44 .0 1 13.50 1) .80 1) .65 66 .6 68 .1 67 .4 
2 11 . 70 1) .90 14 .30 72 . 6 68 .6 70 .6 
3 15.90 15 . 70 15 .80 78 .5 77-5 78 .0 
4 15 .90 17 .30 16 .60 78 .5 85 .4 82 .0 
5 15 .40 15 .50 15 .45 76 .0 76 .5 76 .3 

88 .0 1 26 .90 26 .80 26 .85 66 .4 66 .2 66 .3 
2 27 .80 25 .60 26 . 70 68 .6 63 . 2 65 .9 
3 26 . 70 32 .00 29 . 35 65 .9 79 .0 72 .5 
4 36 . 72 30 .40 33 .55 90 .7 75 .0 82 .9 
5 32 . 70 31 . 90 32 . 30 79 . 2 78 .8 79 .0 

a Pounds per acre . 
bJ. z water; 2 = 2 ppm Fe-ED!llA; 3 = 2 ppm H-EDIHA ; 4 = 6 ppm Fe - EDDHA ; 
5 = 6 ppm H -EDll1A . 

~Sum of phosphorus content in four leacha tes. 
Sum of phosphorus content in leachate divided by the phosphorus added 
as fertili zer . 
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leaching solution as well as fertilizer level. It was calculated by 

dividing the total phosphorus content in the leachates of the four 

P'l riods by the amount of the fertilizer applied to the columns . TI-e 

results are sha.m in the second p;!rt of tabl e 1.4. It was not possible 

to analyze statistic ally the whole data of this p;!rt as one unit 

because the assynunetr ic nature of the exp;!riment where t ·::o out of the 

four fertilizer levels di d not receive the l.igher concentr ation of 

chelates . Although the statistical analysis was done in two steps , 

the interpretation will be stated in one step depending on the pattern 

shown in f igure 8 . 
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From the graph we see in water treatments , the recovery dec r eased 

by increasing phos phorus level. In t he l ow concentration of iron che 

late (2 ppm) the effic iency was at a maximum in the lowest fertilizer 

level and dec reased gradually with i ncreas i ng phos phorus level . The 

high concentrati on of iron chelate was the moot effective in increasing 

the recovery. The la11 concentra tion of hydrogen chelate (2 ppo) gave a 

gradual increase in recovery with increasing f e rtilizer level up t o 44 

pounds of pnosphorus and then it showed a dec rease at t he 88- pound 

level. In the nigh concentration we find that i n:: r easing the chel ate 

level did not improve the re covery in t he 44- pound level while it did 

when the ferti l izer le vel had been daubled . I t is clear that the 

recovery obtained by t his chelate was controlled by some relation 

between the chelate l evel and the cations level which is limi ted by the 

fertilizer level. 

Phosphorus mobility 

The sand samples taken from t he columns after lea ching for four 

days were analyzed for total phost:horus . As t."le purpose of this worl< 
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was to study the effect of the treatments on phosp!".orus r.~obili ty in the 

profile ratt:er trnn t hei r effect on phosphorus availability, it was 

thought that total phosphor us rathe r than available p:·.osp~orus m·Ght 

give a more comprehensive idea . The results of two re plications are 

averaged in table lS . From the table it is clear that the different 

leaching treatments had little effect on t he mobility of the initial 

phosphorus of the sand as indicated by small differences among different 

depths for the blank phosptorus level . 

The most effective l eaching solution for the intermediate phos 

phorus level (44 pounds pe r acre) on the surface v1as m1te r, w~.ich 

differs significantly from any other leaching solution . If the 2- inch 

depth rather than the surface is regarded , it can be seen tm t the 

phosphorus content at this depth was lower in the water treatment than 

in any other treatment. 'Ihe interesting point , however, is the phos 

phorus gradient from the surface t o this depth . In wate r treatment the 

gradient was much sharper than for any other treatment . In t he lower 

depth of the profile the differences between the treatments reached the 

minimum . 

The experiment was conducted on sand tha t contained some initial 

phosphorus . The solutions did not a f fect significantly the moveme nt 

and r edistr ibut ion of t his initial phosphorus through the columns , but 

in the ove rall , the solution effects were no t identical . So the dis 

cussion covering this movement of phosphorus from the fertili zer as 

affec ted by the different leaching solutions on t he basis of the 

adjusted means seems to be logical. The adjusted means were obtained 

by subtracting the amount of phosphorus in the blank at each given 

depth from the corresponding amount of phosphorus at that depth unde r 



Table 15 . Phosphorus r ecovereda a t the various depths in sand col umn when the phosphorus so rce was 
SUpe !J2hOst:ha te 

Phos to rus l evel 5 
0 44 88 

Dept h 
Leaching solutionsC Leachin· soluti ons Leachi!!G solutions 

l 2 3 4 5 1 2 3 !1 5 l 2 3 4 5 
inches mi11igrar.>S per .;ra~ eand 

0 0 .03 0 . 05 0 .07 0 . 06 0 .06 0 . 04 0 .07 0 .08 0 . 08 0 .07 (, .09 o.oe 0 . 09 0 . 10 0 .1) 

2 0 . 06 o. c.6 C.07 0 .06 O. C6 0 .10 0 .0" 0 .12 C. l2 0 .13 0 .10 0 .13 C. l3 0 .14 0 . 13 

4 0 .05 0 . 07 0 . 07 0 . 06 0 . 07 0 .09 0 .11 0 .11 0 .09 0 .11 0 .12 0 .12 0 .12 0 .10 o . u 

8 0 .07 0 . 07 0 . 07 0 . 06 0 .06 0 .09 0 .10 0 .10 0 .08 0 .10 L. 10 0 .12 0 .12 0 . 11 0 .10 

12 0 .05 o . c6 0 .06 0 .06 0 .07 0 .08 0 .09 0 .08 0 . 07 0 . 07 0 .09 0 .10 0 .10 0 .09 0 .08 

Adjusted meansd 

0 0 .010 0 .020 0 . 010 0 .020 0 .005 o . c6o 0 .030 0 .020 0 .035 0 .020 

2 0 .045 0 .030 0 .050 0 .060 0 .045 0 .045 0 .070 0 .055 0 .075 0 . 070 

4 0 .040 0 .035 0 . 040 0 .025 0 .035 0 . 070 0 .055 0 .050 0 .045 0 .040 

8 0 .020 0 .040 0 .030 O.C25 O.C35 0 .035 o .o45· o .o45 o.c-40 0 .035 

12 0 .030 0 .030 0 .025 0 .015 0 .000 0 .035 0 .040 0 .040 0 .030 0 .010 

aAverage of two replications . 
bPounds per acre . 
cl =wate r ; 2 = 2 ppm Fe- EDDHA; 3 = 2 ppm H-EDI!IA; 4 = 6 ppm Fe -EDIHA; 5 = 6 ppm H-ED!l'.A . 

"' dobtained ~ subtracti ng the phosphorus found in the blank from that f ound i n the t r eat ed sand . ,.. 
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the fertilized treatment . The results are presented in the lower part 

of table 15 and figures 9 throuGt 12 . Unde r this condition it seens 

that a line could be drawn to separate the interaction of leaching solu

tions with each ;Jhosphorus level that ras been used . For the surface of 

the intermediate level (44 pounds phosphorus par acre) , hydrogen chelate 

at the low concentration was as effective as water and nore efficient 

at the higher concentration . The amount retained i n iron chelate treat

ment did not increase ·:~hen the chelate concentration was increased. 

In t he 2- inch depth it could be concluded that solutions that were 

rtost effective in leaching surface gave the Lighest phosphorus analyses . 

The explanations of this phenonenon could stand on two bases . First, 

increasing the leachate saturation with phosphorus makes the anount of 

phospl orus in c ontact with sand hiehcr , consequentl y a higher fixation . 

The r e l atively high ana lysis in the higher concentration of hydrogen is 

due to that saturat ion plus a possibility of fixing t i:e ~ixed chelate 

molecule , including phosprorus molecule on the sand surface . In the 

case of the hi gher concentration of iron chelate, it could be due to 

either chelate fixation or precipitation of formerly formed iron phos

phate or both . The difference amon3 solutions decreases wi tl> increasing 

depth except in t re case of the last depth of the hibh hyrrogen chelate 

concentr ation '"hici: did not show any phosphorus . It is believed that 

this is no more ~han either an experimental error or a complication in 

calculating the adjusted means . 

The analysis of the surface for the ;1a ter leached treatment for 

the higher phos,.>ho rus level (88 pounds ,_>er acre) seems to be odd but it 

could be said that ~he high level of P inaugurated the efficiency of 

chelate in leaching through the formation of mixed chelate . There was 
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a somewhat greater amount of pr.osphorus in the surface associated with 

the higher concentration of iron chelate when co!!lpared witt the lo·.ver 

iron chelate concentration whicl. could be due to the formation of i r on 

phosphate. 

In the 2-inch depth, water treatment contains the least analysis 

due to the inadequate leaching of the surface while the hiGher concen

tration of iron chelate treatment contains the higl:est analysis . This 

may be due to the pr ecipitation of iron phosphate . In the 8- inch 
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depth the diffe rence among the treatment reaches a minimum . This could 

be attributed to the action of sand in sieving the chelate mole cules 

out of the sol ution , leavine just water as a leaching solution . 

Rock phosphate as a phospl.orus source 

To j.nvest igate the effect of chelates on increasing the availa

bility of phosphorus from an insoluble source, rock phosphate has been 

used as a phosphorus source . 

This work Ylas originally designed to use the same pl:osphorus 

levels that were used in the superpl:osphate experiment . The results 

obtained for the low levels were 1.ot distin.;uishable from the blank 

treatment . So the work continued using the two highest pl:osphorus 

levels , 44 and 88 pounds phosphorus per acre . Since the treatments 

were symmetrical VJhe re all l eaching solutions were applied to all phos 

phorus levels, the effect of chelate concentration and prosphorus 

level will be present ed together. 

Effect of chelate and phosphorus level 

Conduc t ivity . - - Table 16 sh01·1s the effect of the different leac hing 

solutions on the conductivity pattern in the four periods . From the 

table it can be seen that rock phosphate did not affect the conductivity 
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Table 16 . The adjusted conductivity valuesa of the leachate ex tracted 
in f our days by water and 2 and 6 ~pm chelate when the 
phos phorus source was rock phospha e 

Rlosphorus Leaching Leachin~ ~riod 1 da~s 

levelb solutionc 1 2 3 4 Sum 

micromhos 

0 1 30 s 0 0 35 
2 30 6 0 0 36 
3 31 10 0 0 41 
4 29 4 2 0 35 
s 33 s 2 0 uo 

1 33 8 0 0 41 
2 31 3 0 0 34 
3 33 11 1 1 46 
4 32 9 4 1 46 
s 31 7 s 0 42 

88 1 35 6 2 0 42 
2 31 u 0 0 34 
3 3u 11 3 0 48 
u 31 6 3 3 42 
s 37 6 3 1 46 

aActua1 conductivity times the •ei!;ht of leachate divided by 100 . 
bpounds per acre . 
cl =water ; 2 = 2 ppm Fe - EDDHA ; 3 = 2 ppm H-EDillA ; 4 = 6 ppm Fe-EDillA ; 

5 = 6 ppm H - EDillA . 
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to the same extent that super;>hospr.ate did . This •,1as expected because 

of the difference in solubility of both mo..terials . If there is a ny 

effect of chelate on solubiliz ing rock phospl;c. te , i t should be observed 

in the latter per~ods wr.ere nost of the soluble salt has been flusl:ed 

out of the columns i n the fi rst period. In the latter periods, i r on 

chelate in the lower concentration has decreased the conductivity while 

it increased it at t he h i gher concentration . In the case of hyd r ogen 

chelate, the situation was reversed, wher e ti:e lower concentration gave 

higher conductivity. 

Calcium . --Table 17 presents the calcium content of the leachates 

in the four periods . If the calcium content as affected by the l eaching 

solutions, as average c over all the fertilizer l evel ,-;as inspected , it 

could be seen that both chelate forms yielded l e ss calciun than the 

wate r trea t ment . The h i gher concentra tion of iron c helate yie l ded the 

same amount of calcium as did that of the la;;er concentration . The 

case is exaggerated upon using hydrogen chelate where the r.igher 

concentration of the chelate gave r:;ore calcium than the l O'.'Ier concentra

tion. These results have ~ome sup;Jort in U.e data reported fo r 

super phos pha te. 

The relative ef fects of the l eachine solutions can be examined 

a lso by the increase in the fertilizer level . Increasing the phosphorus 

level f r om 44 to 88 pounds has increased the amount of calcium r emoval 

by the magnitude that resulted increasing the l evel fror:1 0 to 44 pounds 

in v1a ter as a l eaching solution . i'lhen i ron chelate was used in the 

lower concentration, there was no increase in calcium upon increasing 

the phospr orus l eve l fron 44 to 88 pounds . 

By us ing iron chelate in tre higr concentration, there r.a s been an 

incr ease , though far les s than the corresponding increase in wate r 
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Table 11 . Calcium content of the leachate extracted in four days by 
water and 2 and 6 ppm chelate ·nhen the phosphcrus source was 
rock phosphate 

Rlospl:orus Leaching Leaching period , dals 
1evela so1utionb 1 2 3 4 Sum 

milligrams 

0 1 2. 7 1.7 1.5 1.5 7.4 
2 2. 7 1.6 1.6 1.4 7.3 
3 2.1 1.1 0 . 9 1.1 5 . 2 
u 2.6 1.9 1.5 1.6 7 .6 
5 2.1 1.4 1.3 1.3 6 .1 

44 1 3.4 2.0 1.8 1.8 8 . 7 
2 2.0 l.u 1.6 1.6 7 .3 
3 2. 0 1. 2 1.0 1.2 6 .1 
4 2. 0 2. 0 1. 7 1.3 7 .8 
5 2. 2 1.4 1.7 1.4 6 .7 

88 1 3 .7 1.7 1.9 1.7 9 .0 
2 2.8 1.6 1.5 1.5 7.4 
3 3.0 1.2 1.2 1.2 6 .6 
4 3.1 1.9 1.7 1.8 0 .4 
5 2.4 1.4 1.4 1.3 6 . 5 

a Pounds per acre . 
~ = water ; 2 = 2 ppm Fe -EDDHA; 3 2 ppm H-J::D!J!A; 4 = 6 ppm Fe -EDDHA; 
5 = 6 ppm H- EDD!-11 . 
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treatment. In the case of hydrogen chelate, the lower chelate concen

tration gave about r2lf of the increase in going from 44 to 88 pounds of 

phosp~orus as was obtained from 0 to 44 . The higher concentration 

reduced the calciun: content when the 88 pounds were compared with the 

44- pound level . 

Phosphorus .--Table 18 reports phosphorus content of the four 

periods . As ca n be seen f r om the table, there has been a small differ

ence among the treatments, both the l eaching solutions and phosphorus 

level. The statistical analysis reveals that there is a difference due 

to the leaching solutions and ptosphorus level . 

~ith respect to phosphorus level, the increase ~ron 44 to na pounds 

yielded about one -half of the increase resulted f roro an increase from 0 

to 44 pounds . This is expected in salts with limited solubility such as 

rock phosphate according to the solubility produc t principle, Hhere a 

certain amount of the salt dissolves in a certain volume of a solution. 

·.1i th respect to t he different leaching solutions , the l0'.1er concentra 

tion of iron chelate tas decreased significantly the phosphorus yield, 

while the high concentration of hydrogen chelate increased it . 

Discussion 

Phosphorus solubility 

One reason in explaining the effect of chelate in increasing 

phosphorus solubility is its effect on decreasing calcium content of the 

solution . The decreased content of calcium in the leachate when iron 

chelate was used can be explained by two possible mec}'l.anisms . The first 

includes ~n exchange be~neen the iron molecule in the chelate structure 

for the calcium ion in the solution . Ueasurement of iron chelate con

centration in the leachate (Tiffin et al., 1960) was inconclusive as the 
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Table 18. Rlosphorus content of the leachate extracted in four days by 
water and 2 and 6 ppm chelate wt.en the pl osphor us source was 
rock phosphate 

Fhosphorus Leach in~ Leachin~ ~riod ~ da~s Sum 
level a solution 1 2 3 4 

milligrams 

0 1 0 .12 C. l6 0 .13 0 .13 0 .54 
2 0.13 0.15 0 .14 0 .12 0 .53 
3 0 .1) o.lh 0 .15 0 .12 0 .55 
4 0 .14 0 .16 0 .15 0 .14 0 . 58 
5 0 .15 0 .16 O. l.h 0.12 0 . 57 

44 1 0 .13 0.15 0 .16 0. 14 0. 58 
2 0. 13 0.14 0 .14 0 .12 0 .54 
3 0 .15 0.15 0 .17 0. 11 0 . 59 
4 0 .14 0.16 0. 14 L. l) 0 . 56 
5 0.16 0.18 0.15 0 .12 0 . 61 

88 1 0 .13 0.16 0 .17 0.13 0 . 59 
2 0 .13 0 .13 0 .13 0 .13 0 .52 
3 0 .14 0 .15 0.16 0.1) 0 . 58 
4 0 .16 0.16 0 .15 0 .1) 0 .59 
5 0 .17 (. .17 0 .15 0 .14 u .63 

F P1unds pe r acre . 
bJ. • water; 2 = 2 ppm Fe-EDOOA ; 3 • 2 ppm H-EDDHA; 4 = 6 ppm Fe-EDDHA; 

5 • 6 ppm H-EDI!IA. 
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leachate of all treatnents gave about the same response to the l!leasure 

ment . Howe ve r , it is felt that the exchange of iron from the iron 

chelate for calci~~ cannot count fo r the si~nificant decrease in calcium 

content in this case because of the v1ell known fact that iron forms a 

more stable chelate than calcium . The second point that might explain 

the l ow calcium content i n the leachate from the iron chelate treatnent 

is the fo rmation of mixed chelate (Thompson and lorass, 19b2; llon..ouc:(_;, 

1962; and !.!artell and Calvin , 1952) . A mixed chelate is Tihere the metal 

in the chelate structure is surrounded by two or r::ore different active 

gr oups. As will be seen later, iron chelate has reacted ''lit! phospl:ate 

to fonn the l'lixed chelate. On suer basis, it is reasonable to conclude 

that the more r.ti.xed chelate formation , the more charee inequilibrium on 

the mole cule in such direction that wo uld be able t o retain more posi 

tive ions as calcimn , ~vhich i s availabl e in the medium . The calcium 

content in the hydrogen chelate treatment has decreased r elatively to 

iron chelate, by increasing the fertilizer level . 

Hydrogen chelate ·.vas inferior to iron chelate in the pi .osphon.s 

yield in the lo:-1e r l evels of fertilizers because hydrogen chelate is 

no no:-e than a structureless chelating agent , r1hich assumes the chelate 

structure only by intro ducine cations scch as iron or calcium . AddinG 

more fertilizer adds mor e cations to the solution and the chelating 

agent mi ght be changed to a chelate capable of forming the nixed cl.elate, 

consequently increasin;; the phos;:>!.o r us yield . At the hi;;her phospl orus 

levels hydrogen chelate s ol ubilized ..,ore p>os;:>"orus than did i r on 

chelate , both at the lailer concentration . This could be due to the 

decreased efficiency of iron chelate as a phos ;:>lorus carrier beyond a 

certain point of phosphor us saturation, after rlhich any excess p>osphorus 
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in the chelate structure might react .. 1ith the iron catio:l to form the 

insoluble iron p.\Josphate . It could be due to the in::reased efficiency 

of the hydrogen chelate which has been converted ta tte chelate struc

ture thereby ca;Jable of forming the mixed chelate . Another possib:'.lity 

is the decreased cation (calcium) concentration of the meci~T. nore than 

in the iron chelate trea tment . This decrease is broucht about by the H 

chelate becoming Ca chelate and thereby removing the calciQ~ from the 

solution . By decreasin!; the calcium the solubility of pl-.ospoorus is 

inc r eased, not o:1ly because of eliminatinti a ~recipitatin~ factor but 

also by causing a drop in the ;il of tt:e solution . The process of con

verting a chelating agent in the chelate structure might have a direct 

ef:!'ect on the !iJ . As nentioned by :.:artell and Cal vin (1952), "All 

metal chelate nay be considered as formed by the displacement of one 

or more usually 1·1eak acidic protons of the chela tin..; agent by a netal 

ion . Thus , the addition of glycine to a solution of cupric salt c~uses 

a dr op in the pH . The grca ter tl-.e tendency for metals to c Ot:'.bine 1'1 i tr. 

a given c l-elatinJ age:1t , the greater the drop in;>~: ." !!0':1ever, pi! 

!:leasurements in the l cact:ate did not reveal any difference , since all 

the values raneed very closely about 7, >1!-ich .1as the origiml p{ of 

the leaching solution . Calci~W retained by the m:Xed c l.e late :oolecule 

is expected to be actinG here too . 

In the Ugh concentm tion of the hydrogen chelate used with the 

l0'.7er fertilizer level , we !.ave increased the amount of the d.ela ting 

agent by three ti 1es . Lcanwhile the cations concentntion~ did not 

have an equal increase . In other words, just a part of the chela tine 

agent v1as converted to the chelate structure , wf.ile the rest r emained 

in the form of the chelating agent . On such basis , the amount of phos 

p.\Jorus in the high co:1centration did not differe fron that of the la::er 
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concentration . The discussion alout cation concentrations just men

tioned coes not agr ee Ylith ;·1hat ·c1;.s revealed by conductivity and calcium 

measurements , r~here hi gh concentrations of chelate nere associated with 

higher values . But this coe~ not repreocnt a discrepa ncy, because it i s 

known that the reaction between chel.ating ac-e nts and metals is molecular 

ra t her than ion ::.c reaction. It i s known t.IJat the mol ecula r reac tions 

require a longer time for reaction t o be complete . In the hig h level 

of fe rtilizer, wa ter and the lo·:1 concentration of chelates gave alnost 

the same value s . The r el· tively lo•·1 yield for iron c.IJelate in tris 

case could be due t o a poss ible reaction betv1een iron and pl.ospha tc , 

after a satura tion pc'nt, to form the insoluble iron phosphate . The 

relatively l ow yiel d in the case of hydrogen chelate i n this case is 

not quite understood, althoueh it t:;-ave u ite hi Gh yield in tr.e second 

and third pe riods . Wi th res pect to the high concentration iron chelate 

eave a high yield . In this case the chance of fo r ming iron pho s ~hate 

is not quite possible due to t l:e <lecrease in phos phorus : chelate ratio . 

Hydrogen chel ate , :1 i tl: enou..;h ca lciun: to form the chelate structure, 

was mo re effective than it v1as in the lov/ fertilizer level. 

If phosp~·10rus recovery was re[;a rded , it is seen that with water as 

l eaching solution the recovery percentage decreased by increasin~ the 

pl.o s pt:orus l evel. The opposite was expec ted , but t his could be cor rect 

only on soils with a fairly hi gh plos pho rus fixing capacity whe r e the 

successive pros phorus increnents would suff e r less fixation due to 

approachin::; the point of saturation . But in Ue case of this work, 

conducted on sand , it appea rs that its capacity to fix .,tosplor us 71as 

not great enough t o be seriously regarded . lso , its initia l pLos phorus 

content mi.gh t have been enou..;h to satisfy the fixin 6 capacity . So the 

decrease in recover"J could be expla ine d on the basis that the amount of 



phospho!"Us l eached out by ·.1ater was limited lTJ the degree of contact 

bet·:1een water a nd the fertilizer in the colUJ:lils . J or dan et al. (1952) 

found , us in.:; a cons tant amount of su~rphos.nate , that tre dowrr;1ard 

!!'.ovenent of phosphorus in the soil profile was directly proportional 
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to the amount of irriga tion water. It is logical to extract anothe r 

conclusion from Jordan 1 s work; that is the r elative movement of di ffer

ent a mounts of phosp!!orus , using constant anounts of irrigation water, 

·.•ould be greatest at the l ower fer ti lizer level. T'nis was t he case in 

the data on recovery calculation (fi(;Ure 8 ) where it is slw:m that the 

greater the ferti lizer l evel the l e ss the relative contact be tween 

phos phorus and water a nd therefore, the lower t he recovery percentage . 

In t he l <Y.7 concentration of iron chelate (2 ppn) the efficiency 

was at a maximum in tre lowest fert ilizer level a nd decreased gradually 

with increasing phosprorus level. Such a pa ttcrn can be explained in 

two ways . The f irst one is the relation bet":1cen the solution and t 'le 

fertilizer whicr limits the recovery by the degree of the contact , as 

explained for ·.1a ter t r eatment . The s econd reason is the pos sible 

reaction of the ptospha te gr oup and the iron mol ecul e nithin the chelate 

structure to f orn an insoluble iron phospt~te . t the highest level of 

fertilizer r ecover y of iron chelate ,-,as not siL,>nificantl.r different 

from the v1ater trea t ment , but the criterion t o be considered is the 

degree of decrease in both cases . 

The l ow concentration of hydrogen chelate (2 ppm ) gave a J ra dua l 

increase in recovery nith increasin~ ferti l izer level up to 44 pounds 

of p!.osphorus and then it s ;m•1ed a de crease at the 88- pound level. 

This drop could be thought about through several possibilities . T~e 

first one i s that there is a maximum efficiency of ~he chelate in 
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increasing the recovery due to the limited amount of chelate supplied 

by the low concentration used . A second possibility is the contac t 

effect expl ained previously for the water treatment . A third possi 

bility is trat the r ecovery might be higher than it is indicated by the 

average because the range of the tw'> replications ·:~as relatively wide . 

The hi{lh concentration of iron chelate (6 ppm) ·11as very effective 

in increasing the recovery . The chance of iron pbospm te formation in 

this case is smaller than ·:1hen the l<m concentration of the chelate 

was used . This could be confirmed by check in.; phospr.orus - chela te 

recovery relations from the standpoint of phosphorus level and chelate 

concentration . In the ll1 .S and 44- pound treatments, the 2 ppm iron 

chelate gave 84 and 71 percent recovei"'J· In otf.er words , increasing 

phosphorus level by three times decreased the recovery by 13 percent . 

Using 6 ppm and 2 ppm iron chelate in the 44-pound phosphorus level 

gave phospl.orus recovery of 82 and 71 percent , respectively, or in

creasing the chelate concentra tion increased the recovery by ll percent . 

If the decrease in recovery due to the contact effect is set to be about 

2 or 3 percent, we could see that the increase in eL:"iciency of iron 

chelate, by increasing its concentration by a factor , is equal to the 

decrease in its efficiency upon raising the amount of fertilizer by 

the same factor. 

In hydrogen chelate treatment we :'ind tha t increasing the chelate 

level did not improve the recovery in the 44- pound level wl.ile it did 

when the fertilizer level had been doubled . T!:is supports the assump

tion that tr.e chela tin:; aGent has to be converted first to t!ce chelate 

structure if any effect of chelate on phospl':orus is to be expected . 

Even if the cations, which are necessary t::> convert the chela till€; a.;ent 

to the chelate structure, a re available, the nature of the chelation 
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reaction which is a -:;olecular one , mi_:ht be a factor in the effect of 

hydrogen chelate on recovery. This is indicated in the 80 - pound level 

of phosplorus, ;•1here iron chelate was superior to t~e :.ydrogen chelate , 

both at the hi;;h concentration. That is the result of the ~la:1 

reaction between cations, 'IIPicl have been available in the medium , 

and the chel a ting agent to form the chelate struc t ure . 

Rlosphorus mobili 'bJ 

The different l eacrinc treatments had little effect on the mobility 

of the initia l phosphorus of the sand . There are two possible reasons 

why tl:is might be , because the texture of the sand pe i tted the water 

to i nfil trate fast enou;:;h to miss any significant contact with the 

initi al phosprorus . Sue!: contact is necessary to solubili~e am1 leach 

the phosphorus down . The second fac t or might be the way tl e l eaching 

solutions were added to the columns . Al thou) these solutions ;·1ere 

added slowl y, still t."Jey wero added from a ;::raduate cylinder . Even if 

:1e assume that the solution had a chance to solubilize sand phosphorus , 

it i s easily seen tl:at the flow is sufficiently fast to lead to two 

consequences . The ~irst is that the de.;ree of contact between the 

solution and the sand would be equal at any given depth in the column 

which equal i zes the sol ubilization at those differ ent depths . Th.e 

second cons equence i s thc~ t due to fast flow any sol ubil i zed prosp'norus 

wou l d be l eached compl ete! ; out of the column witr. no chance to be 

fixed at deeper levels of the colu~ . 

The explanation just given provides a reasonable expectation to 

leaching with water but ct·elate treatments requi re more clarification . 

The mechanism by which chelate increases phospl·orus availability men

tioned earlier provides such clarification . To form mixed chelate , 
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in the case of the iron chelate, would require only a soluble phos phorus 

source that ·:toul d be already av-.ilable to shar e in the groupin;;s that 

surround the iron atom. As such sou r ce is not , at least adequately, 

avai lable , iron chelate in the t,·to concentrations that ;•tere used did 

not differ from water . In the ca se of hydrogen chelate, it s hould be 

remembered that this rna terial is not more than a closed bag with a 

lost key . The key here is tl.e cation whict unfolds t he material to 

form t he chelate structure vln ich i s capable of retaining the phos!i'lorus 

ion amen;; the rings . As such a cation ·.vas not available in an amount 

enough to open the closed bag, the res•Jlts of hydrogen chelate in bo t h 

concentrat ·ons did not differ sicnificantly f ro:n water treatment. 

Yne relatively higher amount of phosphorus in the surface of the 

chelate trea ted columns can possibl y be explained through two mechanisms . 

The fi rst, which is co!II!llon in batt. Fe che l ate a nd l chelate t reatments , 

is the possibl e fixation of the nixed chelate which contains phosphorus 

molecule , on the surface of the sand particle . This phenomenon, though 

not clear in the case of the l ow level of chelate , 7tas aLTost signifi 

cantly clear in tre higher level . This means that by increasing the 

chela te concentration , and c onse~uently increasing phosphorus mixed 

inside the chelate structure, tre amount of hospr.o rus retained by the 

sand surface increased. The second mechanism is special for iron 

cre la te treatment 11he r e it coul d be defended that under conditions 

·:ther e pr.osphorus a nd iron eet together there is a cr.ance of fornine the 

insoluble iron ptosphate. The statistical proof for this mechanism is 

lac king , but the consistency of results ~ves the i dea . 

The adjusted means showed tha t the amount retained by the sand in 

the upper depths was greater in the case of iron chel ate than for any 
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other tre.J.tr.tent . Tl.us ·,e have support for the assumption of iron phos

t:iJate formation . The ec,ual amount of phosplorus under the two concen

trations of iron chelate micH represent a contradiction to tr.is 

assumption, but it could be aJ.bued that the flaY/ ·;~as fast enouch so that 

a complete contact bet':men the chelate and the phospl.orus was insuffi 

cient to form adec,~ate amount of the insoluble iron phosphate . 

Gravitational movement of the precipitated iron pl:ospbate to the sub

surface is anotrer possibility. 

In conclusion to this exper:~ent, it should be mentioned that the 

depths tested probably were too far apart . Also, >1i th just two repli 

cations , one can &et only a rough idea of what might be go in.:; on 

concerning the Jradient of phosp orus content as related to the soil 

profile . The resul ts reported here agree, in principle , wit!: that 

reported by Jordan et al. (1952) where tr.ey found that the extent to 

.'/hid. phost:iJorus ::~oved fro:n the surface to the subsurface IVaS directly 

proportional to the ar.10unt of leaching 'later . In the work reported 

here , althouch constant ·olumes of leachin;:; solution were used , the 

different levels of hospl.orus wo .ld chance the reL tion between the 

volunes and the pbospborus in a way to alter the efficiency of the 

solutions to mobilize prosphorus . Tr~ "rregularities of phosptorus 

eradient from the surface to the bottom of the colu~1 has been observed 

in earlier work b:: Bouldin and Black (1959). They explain such 

irregc:larity as a res:.1l t of J:.C riodic recipi ta tion of phospl orus based 

on the fact that calciul:' monohydrogen phos,,h·•te (Ca.Yro4) has a strong 

tendency to supersaturate; c 'nsequently there is a periodic precipitation 

of phospl:orus . 

Fixation of chelate in soil has been r.entioned by some Ylarkers 
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(7/'allace et a l., 1955, and f'ill-Gottin..;ha!!l, 1957) . A strai!1Jtforward 

application to tl.is conclusion in tie work reported h· re is not 

abso l utel y valid, because it ''laS assur.ed that the fixation reaction is 

with the clay fraction of the soil. The soil na terial use ~ here :~as 

sand and the particular chelate used here has been reported to be fixed 

in soil in small amounts. The assumption that chelate molecules could 

be attachec to the surface of the soil ;:articles , even if it was sandy 

soil) lacks proof, but does ·ot violate our lirri ted kno·:rled.;e of 

chela tes . 
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:E.:ERH DISCUSSIOll A!:U co::CJ:JSIOJ!S 

.Vallace (1'155, 1956, l !J6o ) and Hill-Gottin_;han (1957) believe that 

the entire chel ate molecule , the chela tint; agent and the metal ion, is 

absorbed by the plant. Their proof is based on ei~~er the equal 

decrease in the chelatinJ aGent and the netal fron the root medium, or 

detecting the chelating agent in the aerial part of the plant . Tiffin 

et a l. (1960 ) and Brcmn et al. (1960) believe that the chelatine a(lent 

acts just to make i r on available to tl.e root and very little empr.asis 

can be placed on chelating agent absorption . Their evidence has been 

either in detecting an increase in the concentration of the chelatinG 

agent in the root medi urn Vlhich increased tho chela tine capacity of the 

nutrient solution , or in a small amount of the c~elated iron in the 

plant , or a col'1petition between the chelating agent and roots to retain 

iron . 

In the work reported !.ere , it 1as been s!:cr:m that iron uptake in 

the non- chelate treatments ,.,as less thtin in the iron chelate treatments 

which •;1as less tr.an the hydro..;en chelate treatments . Since the amount 

of i r on supplied to all treatments was the same , it can be erne luded 

that chelate has increased iron uptake. If the entire chel ate molecule , 

the chela ting agent and the iron rr.olecule , was absorbed, it should have 

~~de iron content of ira~ chelate treatnents lijher than the hydroGen 

chelate treatments , which was not the case. By checking the analysis 

we can see that the iron coxentration of iron cheJa te and hydrogen 

chelat e t r eatments was 30 and 6C nicrograms per eram higher than for 

the non- chelate treatment. iTith such results, .,.,rere hydro;;en chelate 
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was tr1ice as efficient as iron chelate in r.~aintainin.:; iron uptake , the 

idea of the entire molecule at~orption could have no justification . It 

coul d be advocated that the cr:elatinu capicity of hydrogen chelate was 

partially exhausted by reaction with other cations in the medium, such 

as calcium, consequently decreasing the extent of conpeti tion between 

roots and the chelating agent to 1·etain the iron molecule. Admitting 

such a co"npetition exists beL·:1een the roots and the chelatin(l agent has 

the same meaning as adni ttin.; t~.e absorption of iron nolecule , ~·1i t.~out 

the chelatin;; agent , becau:.e if the entire r:olecule was absorbed there 

would be no corepetition. It can be said that the efficiency of the 

hydrogen chelate in supplying iron was superior tc iron chelate because 

in the .foi'!!ler case plants had t:lo sources of iron- -that from the ionic 

form and that amount ·:1hich reacted with the chelatin;; agent to form i·ron 

chelate . But this statement iGnoreu several facts. The total amount of 

iron supplied in each case \'las equal. Even assuming that the applied 

chela tine agent o10uld react ·:lith the entire amou.l'lt of the iron applied , 

it could exceed the iron absorption of the non -chelate treatment by only 

the same r.~agnitude as found for the iron chelate treatment . The differ

ence, however, r1as a l most twice as ereat . A third fact concerns calciUr.l 

and potassi1lr.l concentration and possibly other cations which were not 

investiea te d. There was a tendency, though very faint , for the plant to 

have the least concentration of these elements .,,i th the hydrogen chelate 

treatment . The conclusion is the same Jn tris case , too; that is, if 

the entire chelate r:nlec.le .ms absorbed, it would be ex,ected to yield 

hi;;her concentrations of these cations associated :-~ith hydroeen c':elate 

treatnent, \'lhich was not the case. 

If the chelate nolecule is not ubsorbed by the ,olant , ·:1h t effect 
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mift t it lave on plcos;lhorus JVailability to tlw ;>lant? Bear (1 iSS) gave 

the in,>ression tr.at cr.elates increase ;>hosp: orus availability. Brcr:m et 

al. (196C, reported so~e data in 1'1hich phosp orus concentration in plant 

increased by increasin..; cr.elate concentration .:.n t.'oe ro:>t medium . 

Perkins and Purvis (164) , witt. soil studies , found that treating t he 

soil with EDTA increased the amount of the available phosphor us. Brown 

(19S6) believes that EDTA c&n remove iron from ferric f:hosphate which 

increase s phosphorus sol~bility. Bradley and Sieling (19S3) found that 

several sugars and organic acids, ·:1hich react :·lit!: r.etal ions in a 

similar way to chelates, decrease the amount of precipitation of phos

phate by iron and alumim: •. oxides. Struthers and Sielin.:; (19SO) found 

that phospr.ates precipitated by iron and alumi.nu.., could be rendered 

solubl e by lowering the pH to a range of 4 . G to 6.0 .. ,hen certain or.sanic 

acids as tartrate , oxalate, nnr' rula to were present. 

DeRemer (19S9, 1961) postulated a theor.· .1hicl explains ho"l ct.elates 

increase phospt:orus availability to the plants. He states that 

there is a cycle , in ;·1hich the chelatin.; a69nts act as a 
carrier. The chelate introd 1ced and t.'oe plant removes a 
cation from the chelate .:olecule. Tt:is leaves the conplex
ing agent 1ree to chelate another cation. If there is 
ferric phosphate pr esent, t~.e coa:plexing agent can chelate 
some of the iron, l eavinu the pl•OS 1lha te in a soluble fo r m. 

DeRemer ' s cyc l e necessitates the re oence of the pr.osphorus source , 

the chelate, and the pl ant , to obtain a pos itive effect of chelates on 

increasin..; pt osphorus availability . This condition was met in the first 

experiment of this work , but not in the second experi""lent , though the 

response ·.tas observed in both cases. Several modifications are required 

to explain the mechanisct by ''lolich chelates increase pl'.osphorus avail-

ability. Olsen ( l 9S3) reported that it has been found that soluble 

salts decrease phosphorus solubility in soils. So any factors that 
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dec:Qa~e ~~e concentratio~ of the sol JLle salts, such as a chelatin~ 

a;:;•:n t "ll.ich complexes :;:etal ions , 1'10clld increase pr.osp~.orus avuilabili ty. 

In t~e leacl in..; expe,-in:ent , there !:as t.e n a decrease i n calcium content 

of the l eachate . If calcium is considered to be n representative of the 

cations in the medium, a condition "tore favorable to !i'Jospho r us s olu-

bility is created . However, the res Llts of the same experiment slioVIe d 

an increase i n ion concentration , indicated by mo re calcium and b;; a 

higter conductivity "ihen the hi~t concentr ation of chelate was •.sed . 

Tl i s gives tre iT.pres ~ion that chelate L-tcreased phosp! orus availabili t;,r 

throut;h another c:Jec!-.:.nism , such as dccreasin..: the pP. of the rediu:n. So 

a cl:elatinc a,1ent , either ap:Jlied to tLc :::ediu: . as such, or after the 

iron was re'l!oved by the roots f r om tl e iron chela t e, reacts wiU: rretal 

ions to f orm t! e che l a to structure and decrease s the p!! of the t·odium . 

THo vie· . .,point is introduced by t:artell and Calvin (1952) who reported 

t hat 

a ll metal chelates nay be considered as famed by displace 
ment of one or :~ore usually ·:leu}. acidic pr otons of the 
chel ating a.;ent b: a metal ion . Thus , the addition of ,;lycine 
to a solution of cupric salt c&uses a drop in the pH . Tne 
greater the tendency of metals to COClbine wi U: a given 
chela tin~ a;;ent , the ~reater the drop in ;H . 

By decreasin{; the ;of! of the med~ u.,. it is expected that cor.di tions more 

favorable to phosphorus solubility are available. 

The effect of decreasing the pH could serve as a basis to r ecnncile 

t he two different direction effects of chelate , on L-1creas ing the solu-

bili ty of salts . In the l o·:1cr concantra tion of chelate , tr.e cr.an,;c of 

p<; is almost ne;:;ligible , so the only active :actor r10uld he Uat tendinG 

to dec rease tLe soluble caLons fro!'! solut.ion. In t.ce i:i;:;l:er concen-

tration, t he decrease in the pH is relatively effective , whic. resulted 

in hi;:;her concentr ation of ions in the solution . The amount of this 



increase has been yeater than that anount retained by the clelate 

c:"lecule , eit'1er as a r:etal ion to for::1 tre d:elate struct•1re or as 

C'Jtions retained by the r.ixcd clel .• te ~olecule tc balance t~e char..;e 

inequilibri"'" · 

Any decrease in u~e pi! , if it happenecl, could not 1.Je detected in 

the lea c:ha te . So, the si.;nificant effect of increasin..; phos,)l crus 

availability needs to be ex.Jlained by another possibility . " concept 

of U e :nixe a chelate :orna tion pro>Jides t?lis possibility . A mixed 

chelate is a chelate in ·:ll"'.icl the acti'Je .;roups surrounding the metal 

ion in the chelate structure are not !ii .ilar to each other . It las 

been mentioned by Martell and Calvin (1952) that phosphate could be one 

of the principal donor grou;JS . Bogucki (1962) has proved the forr:Ja tion 

of mixed chel ate for Th(IV} by bond.' n~ simultaneously 6 sexadenate 

e thylenedia:ninetetra acetic acid (ED~) and bidenate 1 , 2-dihydroxy

henzene -3, 5- disodiu::J disulfonate (Tiron) in a 1 :1 :1 nolar ratio. l!c 

also shrr:1ed that Fe (Ill) forms a mixed chelate ·;1i t!-: quadridena te 

ni trilotriacetic acid (!:TA) and bidena te Tiron . Thonpson and Loraas 

(1962) also reported the formation of mixed c!elate . 

.low , to unders tand the r..cchanisn by :~l:ich chelates increase phos 

pl.orus availability, it could be i!"'.a,;ined that upon iron chelate 

application to the nedium lt introduces the iron i on to tl.e roots wl ile 

the chelatin;; a;:;ent remains in the mediu-, . After the r~etal ion is 

extracted from the chelate, it is iJOSsiblc that it ·;10uld lose the 

chelate structure and wo~;ld be si:nilar to a fresl: c! ela tin.; agent . 

This chela ting a;;ent ·.muld react with cations which are present in the 

medhL'Il such as iron or calciurr. or r~ac;nesium or whatever it were tc 

fonn a ne·;1 structure. Such reaction would decrease the sol :ble salts 



concentration as Vlell as the pH of the medium, a result which encourages 

the solubility of t he added ;Jhosplorus . lpon the forration of the new 

chelate structure , ;>hosphate could be incorporated in the struct•.re 

acting as an active group , and th6 mixed chelate is initiated . The 

mixed che la t e , upon getting in touch with r oots loses its metal ion , 

w!ich is an essential factor in maintaining the chelate structure and 

the structure is disintegrated . P: .osphorus content of the mixed chelate 

has a better chance to be absorbed b:' tr.e roots c·1hile the chelating 

agent , beacuse it is not atnorbec! , is involved in initiatinG a ne''' 

cycle. 



SULI!!ARY 

In order to evaluate the effect of chelate on the solubility, 

:nobility, and availabil'ty of p~·os;lhOrus , t'ao experiments have been 
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set up usinG superphospl11.1 te mrl rock pros 11l:a te as s oluble and insoluble 

;:hosphonrs sources . In the 'irst experiment , !~oscon to::Jatoes ·:1ere 

..; rown by sand culbre met!.od in the Lreenhouse . P!:osphorus 1as applied 

from t·:10 sources , eithe!' rock pl.ospl.ate , ;li tl. t':1o levels, 66 und 132 

pounds phosphorus per acr., , or ~u;)8rp!:os,:l.ate with one level , 66 pounds 

phosphor us per acre. Iro 1 "as supplied either as iron chelate or iron 

citrate at a concentration of l : 13 f.-.1-'1:1 i:J both cases. Hydrogen chela to 

was applied to give the same clclatc concentration as given by the iron 

chelate a ddition. 

It was found that chelate increased p!.osptorus availability to the 

plant . This increase has been cx:>lainec as a result of one or more of 

the folloninc iteres : (1) DeRener 1s cycle , (2\ a drop in the fil, (3) 

the fo~.ation of mixed chelate , or (4 ) the reaction of the excess i ron 

with fi'losplorus to fom. iron plosphate . 

Iron absorption Wls decrea~ed by inc r easin:.; pLosprorus levels 

which indicates iron precipitu t.ion in t.hc root medi um. Hydro~;en chelate 

increased iron cptake :oor" than iron chelate . The reason nas ,;iven as 

one or a co~.b:...na tion f roc.~ t:e follol1 in .., item:; : (l ) tv10 sources of 

iron , (2) the cocrpet~tion beb.:en the root:; anc t.>re chelatir.,; agent 

to retain iron i ons ·.1as l ess, or (3} tr:e formation of mixed dela te, 

which decreased iron availability in iron chelate . 

The cone en tra tion of the nu tricnts in roots was related to the 



corresponding concentration in the aerial parts to Give an idea about 

t.'le relative nutrient distriL11tion t.hrou_;hout the plant . This ratio 

-.·1as called the translocation ratio. 

The rati o indicated that ,.Jhosphonts movement to the tops has bee n 

depressed by application of chelate because of the hi,;h iron uptake in 

this case. Chelate depr essed iron movement, too . fhos pl.or us has 

i mproved the iron translocation ratio. 
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In all the reported work, the concentration of the nutrient in dry 

matter :1as used in drawin6 conclusions , but it should be added he re that 

the conclusions .vould be the same if tl.e total uptake , r ather than the 

concentration, was used. 

In the second experiment , cylindrica l plastic tubes were filled 

•v ith f ine sand and amounts of superphosphate containin, ll1 .5, 29 , hit, 

and llll pounds phosphorus per acre a nd '!lore l eached ;vitll 1nter or hydr o

gen che late o r iron chelate at 2 ppm concentration . Additional chelate 

concentration of 6 ppm wa s used in the higl.est two levels of phospho rus . 

Rock j:tlosphate was used as u phospt:or..1s source wit!: bo levels , 4L and 

88 pounds phosphorus per acre , leached :1itl water and cl:elates i n the 

lo :1 and ligh concentration. Tl e leaching ·:1as done for four days ; the 

l eachate of everJ day was kept separ..1te . In each leachate , conductiv

ity, J;il , iron chelate concentration, calciu-n content, and phosj:tlorus 

content were determined. In the l evels of Lu and SB pounds of 

;>hosprorus of the superphos '"hd te treatment, samples of sand were taken 

from the surface a nd dept! s of 2, L, 8, and 12 inches to dete r mine if 

there was any effect of the differant leachin.., solutions on phosphonts 

110bility. 

In this experirnent jt "las found that c he l ate decreased ion concen

tration if l m1 concentration of chelate was used while ionc 
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concentrations was increasecl if hi.:;l concentration of chelate was used . 

This was explained to be a conse, ence of the different mec!·anisms by 

71! ich chelate exerts its effect on pl.osphorus. In the lo·.1 co:lcentra

tion the !T'.ajor effect of cl elate is throu cl decreasint; ions concentra

tion, mainly calciue1, ·:1hile in the hi£r chelate concentration the major 

factor is the decrease in tl1e p" of the medium whic ' encourages 

prospl·orus so l ubility . l.:ixod chela te forn.ation takes place in each 

case . 

The res<1l ts of the t;·1o experinen ts were used to .:;i ve a cO!:prehen

sive explanation to the role of chelate in increasin~ phosPhorus 

availability to the plant . Ti:e followin.; equations diagram t he 

conclusion : 

l. Fe chelate + plant ·---"" Fe plunt + I! chel ate 

2 . ll chelate + (cation) + cation chela t e 

jil of the mediu::t decreases 

= more phos;twrus solubility 

J , Cation chelate + phos!'hate ---~ nixed chelate 

= more phosphorus availability. 

The results of the plant .;rowth experiment have referred to some 

possible relation between chelate and the early flower initiation . A 

work prirorily set up to coniJletely investicate this relation might 

increase our knowledge alxlut chelate-plant relations . Also this 

experir.:ent has referred to some effect of tl:e interaction between 

chelate and ;:ilosp . .orus to have so~1e effects on plant height. !.:ore 

work on this point is s ;;ges ted . 

S3nd has been used in the leacl.in.; experiment as soil rraterial. 



It is reasonable to inves t~d te the validity of the cor.clusions dra·.vn 

froo this e:;cperi::~ent >J!":en ordinary :>oil, rather than sand, is used . 

The ·11ork concerned ;·Ti tL ,r.os,Jhoms mobi li t;r in the soil profile should 

"love the ::;oil san:ples fro::~ mucr closer detJths since ;:hosp: crus is 

known to be one of tLe most immobile elements in the soil. 

Since chelate is known as u rather expensive material, lhe 

economical values of these res•1l ts should be evaluated before they are 

suggested to the farmer. 
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Table 19 . Analysis of variance of data for heights of plants on August 
14, 1961 , report!>d in table 2 

Sum of Mean 
Source of variation df s quar es squares 

Replication 3 4.523 1.50 8 
Leaching solution 2 12.122 6.061 
Rep . x leaching solution 6 16.8'lJ 2 . 809 
Phosphorus level 2 2.022 1.011 
Leaching solution x P level 4 28 .592 7. 148** 
Error 18 25.706 1.428 

Total 35 89.820 

**Significant at .01 level. 

Table 20. Analysis of variance of data for final heights of plants , 
reported in table 2 

Sum of I1:ean 
Source cf variation df squares squares 

Replica tim 3 40 .159 13 .)86 
Leaching ~e lution 2 9 .521 4.761 
Rep . x leachin.; solution 6 12 .669 2.112 
Phosphoruo level 2 1.875 0.938 
Leaching rolution x P level 4 18 .480 4.620 
Error 18 163.160 9.064 

Total 35 245.864 
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Table 21. Ana lysis of variance of data for weight of roots , reported 
in table 2 

Sum of .'ean 
Source of variation df squar es squares 

Replication 3 3.742 1.2lt8 
Leaching solution 2 0.915 0 . 458 
Rep . x leaching solution 6 16.698 2 . 783 
?."losphorus level 2 2 . 282 l.lltl 
Leach ing solution x P level lt 16.329 1! . 082 
Error 18 37.643 2 .091 

Total 35 77 .610 

Table 22 . Analysis of variance of data for weight of tops, reported in 
table 2 

Sum of !.lean 
Source of variation df squares squares 

Replication 3 22. 602 7.53L 
Leaching solution 2 27.040 13 .520 
Rep . x leaching solution 6 148.973 24.829 
Phosphorus level 2 138 .627 69 . 313<> 
Leaching solution x P level L 125 .018 31.255 
Error 18 238. 3lt4 13.2Ll 

Total 35 700.604 

*Si ificant at . 05 level. 
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Table 23 . Analysis of variance of data for total yielcl, reported i n 
table 2 

Sum of rlea n 
Source of variation df squares sq arc-co 

------ --·-
Replication 3 30 .89 10 .30 
Lea ching solution 2 60 .48 30 . 24 
Rep . x leachi,g solution 6 231.80 38.63 
Phosphorus level 2 122 .12 61.06 
Leaching solution x P level 4 204 .49 51.12 
Error 18 430 . 74 23.93 

Total 35 1080 .53 

Table 24 . Analysis of var i ance of data fo r phosphorus concentration in 
roots, reported in table 3 

Source of variation 

Replica tion 
teaching solution 
:lep . x l e<ching solution 
Phosphorus level 
Leachinr.: solution x P level 
Error 

Total 

*Si..,nificant at .OS level. 
**Si,;nificant at .01 level. 

df 

3 
2 
6 
2 
4 

18 

35 

Suo of '~ean 
squares squares 

7020. RO 2340 . 27 
23384. 90 11692 .45 :H' 

3935.00 655 . 83 
178161.90 ll9080 . 95<H:· 
16657 .90 4164 .48" 
1<;012 .40 834 .04 

244172 .90 



103 

Table 25 . Analysis of variar.r.e of da tel for iron concentration in roots, 
reported in table 3 

Sum of ~.ean 
Sou rce of variation df squares squa r es 

Replication 3 211.53 70.51 
Leaching solution 2 21903 10952 
Rep . x leachin~ sol tion 6 24~,47 008 
Phospr.orus level 2 14240 7120 
Leaching solution x P level 13 7 337 
Error 18 7750.5 3195 

Tota l 3.5 16ol96 

Table 26 . Analysis of variance of data for calcium concentration in 
roots , r eported in table 3 

Sur: of l~ean 

Source of variation df squares squares 

Replication 3 0 .422 0 .141 
Leaching solution 2 0 . 311 0 .156 
Rep . x l eaching solution 6 1.261 0.210 
Phosphorus leve l 2 0 . 878 0 .4)9 
Leaching s ol ution x P level 4 4 . 269 1 .067<>::· 
Error 18 2 . )28 0 .129 

Total 35 9 .469 

**Significant at .01 l evel. 
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Table 27 . Analysis of variance of data for potassium concentration in 
roots, reported in table 3 

Sum of Mean 
Source of variation df s quares squares 

Re plication 3 1.113 0.371 
Leaching solution 2 2.ul2 1.206 
Rep . x leaching soL1tion 6 3 .01S 0 . 503 
Fhos pl. crus level 2 u.33o 2 . 165* 
Leaching solution x P level 4 3. 367 0 . 842 
Error 18 7. 332 o.uo1 

Tota l 35 21.893 

*Significant at .05 level. 

Table 28 . Analysis of variance of data for phosphorus concentrat'on in 
tops , repor ted in table u 

Sum of t:ean 
Source of variation df squares squares 

Replication 3 1759 .uo Sll6 .47 
Leaching solution 2 5')1, . 00 277 .oo 
Rep . x leeching solution 6 1398.00 213 .00 
Phosphorm level 2 64478.00 32239.00 ::-l:· 
Leaching ~elution x P level. u 4043 .00 1010 . 75 
Error 18 9692.uo 538.47 

Total 35 81924 . 80 

"*Significant at .01 level. 
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Table 29 . Analysis of variance of data for iron concentration in tops, 
reported in table 4 

Source of v ria tion 

Replication 
Leaching sol ution 
Rep . x leaching solution 
Phos phorus level 
Leaching solution x P level 
Error 

Total 

*Si gnifican t at . 05 level. 
**Si .;nificant at .01 level. 

df 

3 
2 
6 
2 
4 

18 

35 

Sum of Mean 
squares squares 

809 270 
4514 2257;f 
2466 J.n 

10447 5223** 
1166 291 
9519 529 

28920 

Table 30. Analysis of variance of data for calciUI!l concentration in 
tops , reported in table 4 

Sum of I.e an 
Sour ce of variation df S<tuares squares 

Replication 3 0.284 0 .095 
Leachir:g sol ution 2 0 .082 0 .041 
Rep . x l eaching solution 6 0 . 693 0 . 116 
Fhos phorus l evel 2 5.657 2. B28;Hf 
Leaching solution x P leve l 4 0 . 359 0 . 090 
Error 18 0 . 705 0 .039 

Total 35 7 . 779 

**s ignificant at .01 l evel . 
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Table 31. Analysis of variance of data for potassium concentration in 
tops, re ported in table 4 

Sum of !Jean 
Source of variation df squares squares 

Replication 3 0 . 512 0. 171 
Leaching solution 2 0 . 653 0 .326 
Rep . x leaching solution 6 1 .628 0 . 271 
Phosphorus level 2 1.435 0 . 717 
Leaching solution x P level 4 0 .192 0 .048 
Error 18 2 . 583 0 . 144 

Total 35 7 .002 

Table 32. Analysis of vari.ance of data of table 8 

Snurce of variation df Sum of squares Mean squares 

Replica tiJn l 2,430 .00 2,43C.OO 
Leachin.; solution 2 18,711.70 9,355.80 
Rep . x leoch ing solution 2 l3,n5 .oo 6 , 557 .00 
Phosphorus level 4 630, 911.70 157, 727.90** 
P level x leaching solution 8 31,088.30 1,886.00 
Error a 12 38,080.00 3,17J .J4 
Period 3 7' 711 ,483.00 2,570,494.00** 
Leaching solution x period 6 )2,281. 70 5,380 . 20 
P level x period 12 1, 750 ,141. 70 l45,845.20li-J> 
Leaching sol. x P level x period 2h 95,318 . 30 3,957 . 90 
Error b 45 127,875 .00 2,841.66 

Total 119 l0,45l , h36.70 

lHfSi,£nificant at .01 level. 



Table 33. Analysis of variance of data of table 9 

Source of variation 

Replication 
Leaching solution 
Rep . x leaching solution 
Phosphorus le vel 
P level x leaching solution 
Error a 
Period 
Leaching solution x period 
P level x period 
Leaching sol . x P level x period 
Error b 

Total 

<HfSignificant at .01 level. 

df 

1 
2 
2 
4 
8 

12 
3 
6 

12 
24 
45 

119 

Sum of squares 

26 .10 
3, 648 . 50 

64 . 90 
51,095 .00 
1,007.20 

362 . 80 
315 , 293.50 

5,242. 70 
136,818.90 

2,902. 90 
1,326. 70 

517' 788.70 

Tabl e 34 . Analysis of variance of data of table 10 

Source of variation 

Replication 
Leaching solution 
Rep . x leaching solution 
Phosphorus l evel 
P level x leaching solution 
Error a 
Period 
Leaching solution x period 
P level x period 
Leaching sol . x P level x period 
Error b 

Total 

df 

1 
2 
2 
4 
8 

12 
3 
6 

12 
24 
45 

119 

Sum of squares 

5.8 
2. 1 

18 .1 
62,301.7 

212 . 6 
71. 8 

238,827 . 9 
12 .6 

168,286.8 
659-3 
284.9 

470,603 . 6 

107 

Mean S(juares 

26.10 
1, 92[( . 20<Hf 

32.40 
12,774 . OO<Hf 

124 . 2QJH:
JQ . 23 

lOS , 098 .nr-'-::
R7i .801'-'' 

11,40l.50<H:-
121 .00<:--:f 

29.48 

5.8 
l.l 
9.1 

lJ ,075 ,4lHf 
26.6lf 
6 .0 

79,607. 31Hf 
2.1 

14 ,023 . 1lH:-
27.5lf 
6 .3 



Table 35. Anal ysis of variance of data of table 11 

Sou rce of va r iation df Sum of squares 

Replication l 67 .5 
Leaching solu t ion 4 22,213 . 4 
Rep . x leaching solution 4 1,003 .3 
Phosphorus level 2 1 , 133 , 926 . 7 
P level x leachinJ solution 8 8 , 906 . 7 
Error a 10 2, 816 . 7 
Period 3 10 , 366 ,275 .8 
Leach in.; solution x period 12 8, 853 .3 
P level x pe r iod 6 2,224,426 .7 
Leach ing sol . x P l evel x period 24 12,006 . 7 
Erro r b 45 6 , 862 .5 

Tota l 119 13, 787,359 . 2 

*S ignificant at .OS l evel. 
**significant a t .01 level. 

Table 36 . Analysis of variance of data of table 12 

Source of varia tion 

Re j)lica t ion 
Leaching solution 
Rep . x leaching solution 
Phosphorus level 
P level x leachilg solution 
Error a 
Period 
Leaching solution x period 
P level x period 
Leaching sol . x P level x period 
Error b 

Total 

*Significant at .OS l evel. 
*-~Significant at .01 level. 

elf 

1 
4 
4 
2 
8 

10 
3 

1 2 
6 

24 
45 

119 

Sum of squares 

35 . 2 
3 , 954 . 9 

135.2 
71 , 29 .3 
1,246 .4 

346. 7 
433,272 .6 

6 , 555 . 8 
194 , 383 .3 

4 , 025.6 
1,835 .4 

723 , 085 .6 

100 

L:ean squares 

67 . 5 
5 , 553 . 3lHf 

250.8 
566 , 96) . )lHf 

1,113 -3"' 
281 . 7 

3, 455 , 425 .0"* 
737 . 8** 

370, 731.3.0<<* 
500 . 2** 
152 .5 

l.!ean squares 

35 . 2 
988 . 7·"* 

33 . 0 
30 , 61t7 ,lidf 

156 . 0« 
34 . 7 

144,424, 2<Hf 
546 .3<H> 

32,399 . OJH> 
167 . 7** 

40 . 8 
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TalJle 37 . Analysis of variance of data of table 13 

Source of variation df Sum of s qua res L:ean squares 

Replication l 75 . 7 75 . 7 
Leachin g sol ution 4 1,167 . 1 29l.8<Hf 
Rep . x leaching sol ution 4 71 .0 l7 . 8 
Phosphorus l evel 2 104 , 464 . 8 52' 232 . 4<f* 
P level x leachi ng sol ution 8 1 , 244 . 9 143 .1 
Error a 10 4 81. 4 40 .1 
Period 3 423 , 198 . 8 141 , 066 .3** 
Leachin~ solution x period 12 3, 185 . 1 265 . 4<f* 
P level x period 6 279 , 872 . 7 47 , 312 , llHf 
Leach in~ sol. x P level x period 24 3 , 5lu . 7 146 .4 
Error b 1.! 5 4 , 520 . 9 100 .5 

Total 119 819 , 194 .9 

'Significant at .01 l evel. 

Table 38 . Anal ysis of variance of data fo r phosphorus recovery as 
affected by t he l ow concentration of chelate , reported in 
tabl e 14 

Sum of Mean 
Source of variati on df squares squares 

Replication l 176 176 
Phosphorus level 3 28401 9467 
Er ror a 3 8605 2268 
Leaching solution 2 9104 455 2 
P level x leaching solution 6 31726 5207 
Error b 8 23320 2915 

Total 23 99534 
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Table 39 . Analysis of variance of data for phosphorJ.s recovery as 
affected ty the hieh concentration of chelate , reported in 
table l4 

Sum of 
Source of va r iation df squares 

Replication l 110 
Phosphorus level l 1170 
Error a l 751 
Leaching solution h 67889 
P level x leaching solution u 5066 
Err or b 8 21!836 

Total 19 99855 

"Significant at .05 l evel. 

Table 40 . Analysis of variance of data for phosphorus mobility , 
reported in table 15 

Sour ce of var iation 

Repli cati on 
Phosphorus l evel 
Err or a 
Leaching solution 
P level x l eaching solution 
Error b 
Depth 
P level x depth 
LeachinG sol ution x depth 
P l evel x leaching solution x depth 
Error c 

Total 

"Significant at .05 level . 
"*Significant at .01 level. 

df 

l 
2 
2 
4 
8 

12 
u 
8 

16 
32 
60 

149 

S m of 
squares 

0 . 001 
5.013 
0 . 060 
0.31!5 
0 .068 
0 . 201! 
1. 889 
0. 528 
0. 372 
0.501 
1.446 

10.1!26 

Mean 
squares 

no 
1170 

781 
16972" 

1266 
3101! 

t.:ea n 
squares 

0.001 
2.506M 
0.030 
o.oo6if 
0 .009 
0.017 
0 . /.)72~~· 
o.oGGl> 
0.023 
0.016 
0.02h 



Table 41. Analysis of varia nce of data of table 16 

Sou rce of variation 

Replication 
LeachinG solution 
Rep . x lea chinG sol ution 
Rlos horus l evel 
P l evel x leaching solution 
Error a 
Period 
Leachin~ solution x period 
P l evel x period 
LeachinG sol. x P level x period 
Error b 

Total 

*Significant at .05 level . 
**S ignificant a t .01 level . 

df 

1 
4 
4 
2 
8 

10 
3 

12 
6 

24 
45 

119 

~um of squares 

403 .3 
9,055 .0 

505 .0 
3, 821. 7 
2, 945 .0 
1 ,066 . 7 

1,963,620 .0 
13 , 8o5 .o 

2, 385 .0 
6 , 215 .0 

42 , 724 .8 

2,011,146 . 7 

Table 42. Analysis of variance of data of table l7 

Source of variat ion df Sum of s quares 

Replication 1 0 . 004 
Leaching solution 4 0 .421 
Re p. x leaching solution 4 0 .030 
Phosphorus level 2 0 . 100 
P level x leaching solution 8 () .175 
Error a 10 0 .032 
Period J 1.317 
Leaching sol ution x period 12 0 .604 
P l evel x period 6 0 .052 
Leaching sol . x P level x period 24 0 . 267 
Error b 45 0 .509 

Total 119 3.511 

**Si gnificant at .01 level. 

ill 

J.!ean s qua res 

[~03 . J 
2, 264 . O<H> 

126.2 
1, 910 . 9<>* 

368 . 1* 
106 . 7 

65 , 454 .0** 
1 , 150 . 0 

397 . 5 
259 . 0 
949 . 4 

r.:ean s 4ua res 

0 .004 
O. l05<H> 
0 .008 
0 .050*" 
0 .022*'·' 
0 .003 
o .ll39lHf 
0 .050<Hf 
0.009 
o.on 
o.on 



Table 43 . Ana l ysis of variance 

Sou rce of vari a t ion 

Repl i cation 

Leachine sol ution 

Rep . x leachi!lb sol 'I tion 

Ft: ospro r us leve l 

P level x leac r ing s ol ut ion 

Error a 

Pe r i od 

Leach ing so l u t i on x period 

P l evel x period 

Leac hi ng s ol. x P l evel x period 

Error b 

Tota l 

*Si gnificant at .05 l evel . 
**Si gnificant at . 01 l evel. 

of data 

df 

l 

4 

It 

2 

8 

10 

3 

12 

6 

24 

!.:5 

119 

112 

of t abl e 18 

Sum of squa res Mean Stjua r e s 

2 .1 2 .10 

611 . 2 152 . 80** 

11 . 8 2 . 96 

110 .1 ss.oo .... 
54 . 6 6 . 83* 

16 .0 1. 60 

31t82.0 116U . 30lB> 

105 . 3 15 . ItO<>* 

81.4 13 . 60** 

83. 3 3 . 50 

171.4 ) . 81 

4727 .9 
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