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INTRODUCTION

Shortly after the discovery of the usefulness of chelating com-
pounds by agricultur!sts, whereby metallic cations are supplied in
available form to plants, another use was proposed. This paper is
dedicated to this resulting use, namely, that certain chelates appear
to have vulue in keeping phosphate compounds [rom becoming “fixed" or
tied-up™ in the soil.

Phosphorus, an important macro-nutrient, is found to be deficient
in many of our mineral soils. It is often the first mutrient to become
deficient when a soil is brought into cultivation. In some soils this
is remedied by applications of phosphate fertilizer. However, many
other soils have the ability to fix phosphorus, thus rendering residual
and applied phosphorus unavailable for plant use.

There is one other known process which can complicate the method
whereby the plant obtains phosphorus; that is the rendering of phos~
phorus unavailable within the plant's translocation system by precipi-
tation with certain cations. This is a problem which has been
recognized only within the last few years and which has not been
extensively studied.

The objectives of this work were fourfold:

l. To study the effects of various chelates on the availability
of phosphorus.

2. To study the effects of various common soil cations in the

chelated form on the availability of phosphorus.



3. To determine whether the results obtained in connection with
sand culture studies could be applied to a study using phosphorus
deficient soils.

i« To study the mechanism by which plants absorb chelated

cations.



LITERATURE REVIEW

"There is some evidence that certain chelating compounds ray have
value in maintaining fertilizer phosphorus in a more highly availaile
state in the soil." This statement by Bear (1955) caused the autbor
to become interested in this subject. This led to an initial study on
the subject (DeRemer, 1957) where several unavailable forms of phos-
phorus were used, with chelatel applied, to determine if the chelate
was able to render the phosphorus available to plants. The chelate
apparently rendered phosphorus available, but the phosphorus appeared
to be precipitated in the plant by excess iron, also supplied by the
chelate.

Biddulph (1951) has shown that ferric phosphate was precipitated
in plants by an excess of either iron or phosphate ions, or by a
critical removal of water, which would increase the concentration of
the reactants. This precipitation of ferric phosphate in the plant
also apparently inhibits further uptake of iron and phosphorus.

Rediske and Biddulph (1953) found that the ;reatest mobility of
iron within the plant occurred in mutrient cultures at low pH, low
phosphorus, and low iron, indicating that with an excess of one ion
precipitation occurs. DeKock (1955) and Olsen (1935) also found ferric

phosphate as a precipitate in the plant.

Iin organic compound capable of supplying certain cations to the
plant while keeping these cations from reacting to form insocluble
compounds in the soil by surrounding them with a complex ring structure
which causes the cation to lose its chemical identity.



Haertl (1957) showed that certain chelates were able to release
iron and phosphorus to plants from insoluble ferric phosphate. His
autoradiographs, however, showed phosphorus in greater concentrations
in the veins of the leaf, indicating precipitation there. His work
also indicated that certain chelates increased the solubility of ironm,
phosphorus, manganese and zinc found in fertilizers. He concluded that
insoluble metallic salts can definitely be solubilized through the
action of a chelating agent.

DeRemer (1957) found that acid Versenol, when placed in a water
sclution containing FeF0), was able to chelate some of the iron, leav-
ing part of the phosphate in a solublg form.

Lunt et al. (1958) found in a split medium experiment in which
iron and phosphorus were not in direct contact that only 0.09 ppm. of
phosphorus in a nutrient solution caused chlorosis in PI soybeans,
which indicated an internal interaction of phosphorus with iron.

In the soil, phosphorus deficiency takes two forms, the first being
the actual absence of the element from the soil., Phosphorus may not be
present in the soil in sufficient quantities to sustain contimued crop-
ping. The second form of deficiency, which is actually a fixation,
occurs when the phosphate anion unites with certain cations to fomm
insoluble inorganic compounds. Common inorganic phosphate compounds
found in the soil would include ferric, calcium, aluminum, and zinc
phosphates. This action can also cause a reduction in the availability
of phosphate, in the plant as well as the soil, by reaction with these

soil cations.



PRELIMINARY EXPERIMENT
Methods

The first experiment was designed primarily to test plant response
to the greenhouse environment and to determine if previous results
(DeRemer, 1957) could be duplicated in this more northerly environment.

In order to study the effects of chelate on the availability of
phosphorus, two unavailable forms of phosphorus were unsed with chelates
added. Tais was done to determine if the chelates were able to render
this insoluble phospiate available to plants.

Marplobe tomatoes were grown in a sand culture using acid washed
white Monterey sand. The containers were two gallon lazed crocks
which had drain holes in the bottom. The nutrient solution was a modi=-
fication of Hoagland's #1 full stren;th solution (1950). This modifi-
cation contained no phospghorus or iron (table 1).

The phosphorus, in the forms A1FOj and CaB(POh)z’ was added at the
rate of 150 pounds P205 per acre and was mixed with the sand prior to
planting.

The chelates used were Versenoll and Chel 1382, Versenol was
chosen because it would supply a comparison to previous work (DeRemer,
1957). Chel 138 was chosen because it had shown great ability to

alleviate iron chlorosis in highly calcareous soils and was a "stronger®

1¥ersenol is the trade name for the scdium salt of hydroxyethyl-
ethylenediaminetetraacetic acid. This material was obtained from
Bersworth Chemlcal Company, Farmingham, Massachusetts.

2Chel 138, composition classified, was supplied by the Giegy
Chemical Corporaticn, New York.



Table 1. Composition of the mutrient solution

Stock Compound M1, stock solution Ton concentration
solution in stock per liter of in ppm. in the
mmber solutien mutrient solution mitrient solution
ppme.
1 M. KN03 6 N0 3 868
2 Y. Ca(lO3)p L K ¢ 234
3 M. Mgsoh 2 Ca : 160
b LOL66 M. HyBO4 0.5 B 2,5
Mg 1 UB.6
S r 192

Minor element stock solution®

Gm. compound Ion concentration
Compound per liter of in ppm. in the
stock solution nutrient solution
DM

MnCly-LiHa0 1.81 Mn : 0,5
ZnS0}, « THo0 0422 Zn t 0.05
CuS0),+5 HxX 0,08 Ca : 0.02
Holo0), «Ho0 0,02 Mo : 0.01

8 supplementary stock solution which will supply manganese, zinc,
copper, and molybderum. One ml. of this solution is added to one liter
of the nutrient solution.



chelate than Versenol. Both chelates were used in iwo forms, as the
iron chelate and as the acid form, and were initially added at the rate
of 1 ppm. iron or equivalent. The experimental design was a 2 x L
factorial with three replications.

The seeds were planted Jamuary 1l and seedlings transplanted
February 1. Chelate treatments were applied three days later, giving
the plants time to recover from transplanting before treatment was
initiated. The plants were harvested March 23, 1958, and then dried
and weighed. The resultis were analyzed statistically. pH was checked
periodically and found to range between 7.2 to 7.5 for all treatments,
Results

Seven weeks after treatment application, the tomato plants were
harvested, dried in a forced air drier at 75° F., and weighed. The

plant weights, with their corresponding treatments, appear in table 2.

Table 2. Tomato plant top weipht in preliminary experiment

Treatment Replications
Phosphate Chelate® i & 3 lMean

grams per pot
A, A1FO Fe V-ol L.32 3.53 i | L.85
B. L Fe 138 3.10 11.55 8.18 BTl
Ce *® H V-ol 2.80 L4.89 10,51 6.07
De ¥ H 138 I1.2 856 9.85 9.88
E. Ca3(PO))> Fe V=0l L35 556 11.00 6.97
F- " FE‘ 138 8001 ?oha 100211 8056
G, " H V-0l 3.91 5.86 9.99 6.59
H. n H 138 10.29 6.71 953 8.84
3 8+ Du {405} 1:30

8Y-0l = Versenol; 138 « Chel 138.

These results were analyzed statistically to determine effects of

treatment, type of chelate, type of phosphorus, and type of chelated



cation., Table 3 is the table of analysis of variance.

Table 3. Analysis of variance in preliminary experiment

Scurce dar. Sum of sgs. Mean 5G. Fs Sige
Total 23 189,186
Treatments 7 56.215 8.031 y (.10)
Phosphorus 1 2.425 2,25 Cal31 baeie)
Chelate i U0 .626 L0 .626 7.221 (.02)
Cation i | L4309 4.309 C.T66 (ne.s.)
Replications 2 ch.212 27.016 4,518 (.03)
Error 1 78.759 £.626

Coefficient of variation--31.28 percent

The statistics show that there were not sufficient replications to
detect a definite difference between treatments. The variation in this
experiment conducted in February-March is nearly double that of the sand
culture experiment done in June-July.

However, the experiment did reveal certain trends. First, the Chel
138 increased plant growth mich more than did Versenol. Second, in the
.umh treatment the acid form of both chelates increased plant growth
more than the chelated iron.

Except for phosphorus deficiency, there were no apparent deficien-
cies or toxicities shown by the plants. Therefore, it was decided to
contimie to use the same rutrient solution and culture methods on the
next, more extensive experiment.

Discussion

This preliminary experiment served very well the purpose for which
it was designed. The trend of the experiment closely duplicated results
from previous experiments done in California. However, this experiment

showed that winter experiments in the greenhouse in this more northerly



location were not to be preferred without adequate provisions for light
and temperature. Plant growth was so slow that phosphorus was appar-
ently supplied fast enough to provide the plant with sufficient phos=-
phorus even from the less soluble salts.

It was also noticed that Chel 138 increased plant growth much more
than Versencl did. In the field, it has been observed that Chel 138 is
a much more effective chelate than Versenol. Also, in the AlFC) treat-
ment, the acid chelates produced better growth than did the iron
chelates. The reason for this is brough out in the discussion regarding

the sand culture experiment.
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SAND CULTURE EXPERIMENT

Methods

Upon completion of the preliminary experiment, it was believed
that differences could be measured between treatments with a sand cul-
ture experiment, using four replications and four plants per pot.
Therefore, a more extensive experiment was planned. This secoend
experiment made use of the same nutrient solution and two unavailable
forms of phosphorus--Fe™) +2H,0 and A1F0), both of which we might
expect to find in the soil. FeF0) was chosen instead of the 033(F0h)2
which was used in the preliminary experiment. Because of its much
lower solubility, the FeEOh would tend to supply less soluble phos-
phorus to the plants. The phosphates were added to the sand at the
same rate as in the previous experiment. Two chelates were again used:
Versenol, as chelated to iron, zinc, manganese, and as the acid form;
and Chel 33C1 as chelated to iron, zinc and as the acid form. Chel 330
was chosen for this experiment instead of Chel 138 due to the facts that
it is commercially awvailable and is available as the chelate of the
above listed cations. The reasons for the choice of these cations, as
chelated, is enlarged upon in the discussion. These chelates were also
added at the initial rate of one ppm. iron or equivalent. For clarity,
the sixteen treatments are listed below:

1. FeR0)--no chelate (check)

2 " —-Fe Versenol
i 8 "  ~-Zn Versenol

lchel 330 acid is diethylenetriaminepentaacetic acid, sold under
the trade name of Sequesterene 330. Material used was obtained from
the Giegy Cherical Corporation, New York.



L. FePOy—Mn Versenol
S " “_Acid Versenol
6o " ~-Fe Chel 330
Te " ~-/n Chel 330
He " ~pcid Chel 330
G. Al1PO) =eno chelate
10, " “—-Fe Versenol
31 . —in Versencl
12. " --Mn Versenol
13 " e-pcid Versenol
1h " —=Fe Chel 330
15. " —-Zn Chel 330
15. " —ajecid Chel 330

Marglobe tomatoes were azain cultivated using the same methods as
with the preliminary experiment. However, one gallon glazed crocks were
used rather than the two gallon size. The plants were grown for a per-
iod of eight weeks, from April 26th to June 24th, then harvested, dried,
and weighed.

After the plants were weizhed, they were wet ashed, using a modi-
fication of the method of Piper (1950), using sulfurie, nitric anc
perchloric acids. Samples were then analyzed for iron, using a modifi=-
cation of Jackson's method (195f), using ortho-ghenanthroline. Phos-
phorus was determined by the method set forth in the U.S.D.s. Handbook
#60 (1954).

Results

In table 4 are listed plant top wei hts for each treatment and
replication and their means. Analysis of variance and coefficient of
variation were calculated to determine if differences were real and to
compare differences in this experiment with those of the previous one.

Table 5 shows a significant difference in yields between the two
forms of phosphorus. Thus it appears that the plants were able to use
more phosphorus from aluminum phosphate than from the ferric phosphate
as evidenced by the better growth. There was also a siznifiecant

difference in yleld between Chel 330 and Versenol.



Table L4« Tomato plant top weights--sand culture experiment

12

Treatment Replications
Phosphate Chelate? 1 2 3 L Mean
grams per pot
1- FePOh none 9-35 10-Oh 13012 9.53 10-51 L
24 L Fe V-0l 5.32 10031 9-83 7-13 8-15
3 n Zn V=0l 611 Te90 11.27 9,85 8.78
e n ¥n V-ol 7.58 8.41 12,02 993 9.9
5. M H V-0l 731 8.41 12,02 Tad? 8.78
5. L Fe 330 6095 12025 13-52 12-85 11.39.4—
T n Zn 330 11.84 13.32 11.25 16.56 13.24
8. n H 330 13.82 12,30 15.26 11.38 13.19 <—
9. A1FO none 11.52 13.60 11.00 9.61 11.43 «
10. " Fe V-0l 10.93 10.46 11.40 8.47 10.32
s " Zn V=0l 10.03 13.li2 1307 9.83 11.59
12, Mn V-ol 13.82 13.82 3.95 12.80 12,60
13. n H v*ol 12¢59 12.11 13.29 16-39 13.60
. i Fe 0 9.19 18.3) 11.6 12.9 1340
18 o 3% opp el W R 1%
16, H 330 14.57 13.62 16,80 12,58 sab7
L. S. Do (.05) 0.L5
8Y-0l « Versenol; 330 « Chel 330.
Table 5. Analysis of variance--sand culture experiment
Source df. Mean__;q. F.
Total €3
Treatments 15 15.0L9 3.075%%
Phosphorus i 65.929 135 70%
Phosphorus x chelate 7.168 1,168
Error 1,8 Li.894

Coefficient of variation-—=19.28 percent

*#3ignificant at 0.01 percent level.

To compare the effect of the various chelated cations on the

availability of phosphorus from the two sources, the treatment means are

combined and the results presented in table 6.
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Tatle 6. Averaces of the means of the two phosphate treatments

—— — —-. -3 ——

Treatment Mean avera;e Treatment Mean average
check 10.97 check 10.97

Fe V-0l 9,23 Fe 330 12,2

Zn V-0l F.68 Zn 330 13,00

Mn V-0l 11,0k

Le 8 Ds (05) 0.808 s 8. Vs [.085) 1,38

Both Fe Versenol and Zn Versenol decreased yields, while all forms
of Crhel 330 increased yields. The ylelds due to Mn Versenol and acid
Versenol were very near those of the check and both yielded better than
did the iron and zinc Versenol.

The clhelated cations were ranked in the order of effect on yield.
It was found that H > Zn ) Fe for Chel 330. Manganese was chelated only
to Versenol and the above order was found for Versenol chelates with Mn
Versenol following H Versenocl. Thus the order would be H > Mn > Zn > Fe.

The coefficient of variation for this experiment was greatly de=-
creased over that of the preliminary experiment. Table 7 shows results
of ash analysis of plant tops for iron and phosphorus. Values given are
averaze of values for the three replications (pots) of each treatment.

In the case of Versenol, with the iron chelate, iron concentration
in the plant was low, but in the manganese, zinc, and acid treatments
plant iron was quite high. In the Chel 330 Fe treatments there was more
iron in the plant than in either the zinc or acid Chel 330 treatments.

Phosphorus concentration remained quite uniform for all treatments
except Zn Versenol where more phosphorus was present.

For the FeFO, treatment, all chelates lowered the P:Fe ratio, with

Fe and Zn Versenol decreasing the ratio the least and Mn Versenol

g, JAVAE]

RyuaT o



desrzasing it the most. In the AlPOh treatments, Fe and Zn Versenol

again decreased the PtFe ratios the least.

Tatle 7. Iron and phosphorus concentrations in the tops of tomato
plants grown in sand culture (average of three replications)

Trestment B Phosphorus Phosphorus:
Phosphate Chelate? ' iron ratio
Ppine PPMa
1. FeFRO), none 611 1372 2.2L6
. " Fe V-0l 180 1021 2.130
3. n Zn V-0l 937 1803 1.924
)ie n Mn V-0l 868 1309 1.508
L, ® H V-0l 76l 1175 1,538
6. n Fe 330 793 1218 1.536
T+ n Zn 33C 691 1167 1.688
B, H 330 685 1105 1.614
9. ALPO) none 603 1192 1.798
10, " Fe V-0l 562 1086 1.93)4
1. " Zn V=gl 572 1152 2.01h
12. " Mn V-0l 576 951 1.652
1}. " H V-0l 776 1345 1.734
1. i Fe 330 53 1117 1.48L
15, I 4n 330 611 1122 1.636
16. n H 330 650 1161 1.818
Y=ol = Versenol; 330 = Chel 330.
Discussion

From preliminary experiments several trends were noticed., It
appeared that the iron chelates tended to slow up plant growth and in-
crease the severity of phosphorus deficiencies. However, as evidenced
by chemical analysis and better growth, the chelate was altle to render
somewhat more phosphorus available to the plant. It is possible that
the chelate supplied the plant excess iron, which could have rendered
the phosphorus unavailable again.

Therefore, the next logical step was to find a cation that did not

form insoluble piosphate salts and apply it in the chelated form. If
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the above mechanism was the actual cause of the poor growth, then this
new cation in the chelated form would allow the chelate to free the
phosvhate for plant use and yet not supply the plant with an excess of
a cation which would again render the phosphorus unavailable within the
plant.

This new compound, therefore, should produce superior growth
results compared to the iron chelate. 1t was noted that while iron and
zinc ions do tend to form insoluble phosphates, manganese and hydrogen
ions do not. Therefore, with the theory that manganese and hydrogen
ions would produce a yield contrast to iron and zinc, these four cations
were chosen to be chelated.

To make a comparison the yields from the sand culture experiment
using the four cations (chelated to Versenol) are tabulated in table 6.
As can be seen from the table, iron and zinc caused the lower yields.

A further comparison, between iron and hydrogen, can be made on the
sand culture experiment, with 16 replications, and on the soil experi-
ment, with 32 replications.

Table 8. Two comparisons of the effect of iron chelate and chelate on
tomato plant yields

Sand Culture Experiment Pnosphorus Deficient Soil Experiment

mean yields of 16 replications mean yield of 32 replications
in grams per pot in grams per pot
Iron 10.72 Iron 2.71
Hydrogen 12,51 Hydrogen 3.04
LISID. (005) 0.70 LISIDI (005) 0029

This evidence supports the supposition that certain cations are
able to render phosphorus “fofflﬁb}ﬁ‘in the plant. It also offers a

good explanation of why certain chelates tend to depress yields.
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Generally, the variation of iron and phosphorus concentration in
the plant was not great. However, several irends were noticed. In the
Versenol iron with FeFO) treatment, the iron and phnosphorus concentra-—
tions in the plant tops were quite low. This is possibly due to the
phosphorus and iron becoming insoluble in the plant roots, which were
not analyzed. This would be enhanced by the effect of the excess iron
supplied by chelate, both from the original iron chelate source and
from the action of the chelate on the ferric phosphate. As shown by
Biddulph (1951), an excess of either iron or phosphate ion in the plant
is bellieved to cause the precipitation of FeF)| in the plant roots.
Also, the ferric phosphate which has precipitated in the plant roots
tends to inhibit further uptake of both iron and phosphorus.

Evidence from these experiments indicates the probability that the
chelate has some direct solubilizing effect on the insoluble phosphate
compounds. It is believed that the complexing agent is abtle to chelate
some iron (or other cation) from the insoluble phosphate, thus enabling
the phosphate to be acquired by the plant. However, for the chelate to
able tocomplex the iron from the phosphate, it must be in the free
form (complexing agent). Just how this comes about is not completely
understood, but possibly the plant is able to remove a cation from the
chelate, leaving the complexing agent in the soil or nutrient
solution.

Thus a cycle is formed, with the chelate molecule acting as a
carrier. The chelate is introduced and the plant removes a cation from
the chelate molecule. This leaves the complexing agent free to chelate
another cation. If there is ferric phosphate present, the complexing

agent can chelate some of the iron, leaving the phosphate in a soluble



17
forn. This mechanisnm mizht te very desirable as it supplies both of
these nutrients to the plant. O;xe disadvantaze of this mechanism is
that the iron and phosphorus may agzain unite within the plant to fom
an insoluble nhosphate.

In the Fef0) treatment (tatle L) all chelates lowered the P:Fe
ratle, with iron and zinc chelates decreasing the ratio the least and
ranganese and hydrogen chelates decreasing it the most. Decreasing the
ratio occurs either by supplying the plant with more iron or less phos=-
pherus. Yet in the treatment where the P:Fe ratio was decreased the
most, the highest yields were obtained. As lowering the P:Fe ratio
would likely be caused by a decrease in phosphorus concentration, a
discrepancy seems to have appeared. This may be explained b a some=-
what confusing twofold effect. The manganese and hydrogen chelates
probably did not supply iron in excess amounts, which would cause FePOu
precipitation in the roots. However, the hydrogen and manganese
chelates probably supplied iron in small quantities, reacily taken up
and utilized by the plant, which further allowed the plant to utilize
the phosphorus it received. The result of this woild be better plant
rrowth, even though the plant had less tolal iron and hosphorus than

the plants it out-yielded.
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FHOS IORUS DEFICIENT SOIL EXPERIMENT
Yethods

Two soils were selected from the Uinta Basin area of Utah for
their obvious phosphorus deficiencies. The soil which, for convieni-
ence, we will call soil "™A", is a Tabiona sandy clay loam taken from
the land of lr. Earl !l. Van Tassel, Tabiona, Utah. The land was in a
five-year-old stand of alfalfa which was yielding poorly. It is a
seil of moderate permeability, located on a L percent slope and having
slight water erosion. pH ranges near 7.7 to 7.9 with total soluble
salts of about C.UL percents Available Py0g ranges from 10 to 23
pounds per acre, decreasing with depth. Texture is sandy clay loam
at the surface which becomes finer with depth.

Soil "B", taken from the land of Nr. Htgh Colton, Vernal, Utah,
is a Naples clay loam. The land had been in native meadow for the
last ninety years but was plowed in 1957 and planted to barley and
wheat in September 1957. The stand was uneven, with evidence of high
salt concentrations at the surface. The texture of the surface soil
is clay loam, becoming coarser with depth, Evidence points out the
possibility that the soil is poorly drained. Slope is not noticeable.
pH ranges from 7.8 to 8.3, with soluble salts testing 0.18 percent in
the sample used for experimentation. Available Polg tested 3L pounds
per acre.

In order to determine if the sand culture experiment results
could be closely duplicated in the soil and to see if chelates are

instrumental in keeping fertilizer phosphorus available in the soil,
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two phosphorus deficient soils were obtained. The first soil, obtained
near Tabiona, Utah, is a Tabiona sandy clay loam testing 23 pounds per
acre PoOc. The other soil is a Naples clay loam testing 3L pounds per
acre PpOg. Both of these soils were selecled for their obvious phos-
phorus deficiency (both soils had about 1/100 the Py0g that might be
found in an average soil). The soils were potted in one gallon glazed
crocks. Tomatces were transplanted into the soil Aupust 20th.
In this experiment two chelates were added to the soils, along
with 100 pounds per acre Po0g from a calcium metaphosphate fertilizer
testing 0-h6-0, The chelates were Versenol and Chel 330, each chelated
to iron and as the acid form, makinz four chelate treatments. The ex-
periment was set up as a randomized tlock with two soils, four renlica-
tions and ten treatments. The treatments are listed below:
1. check (no treatment)
2. 100 lbs,. PQOE Der acre
3+ PoOc and Chel 330 Fe
L. Pyt and Versenol Fe
S+ P20g and Chel 330 H
6. Pﬁoi and Versenol H
7« Chel 330 Fe

8. Versenol Fe

9. Chel 330 H
10. Versenol H

n

The treatments, both PY0c and chelate, were applied August 25,
1958. Plants were given water whenever it was apparent that the top
of the soil was dry. Plants were harvested, dried and weighed on
October 2nd.

Results

On October 2nd, five and a half weeks after treatments were
applied, plants were harvested. As the plants were starting to flower
at this early date, possibly due to the adverse conditions imposed by

the treatments, the plants were harvested before the originally



intended seven weeks were up.

dryer at 75° F., then weighed.

The plant weights, along with their

corresponding treatments, appear in table 9.

20

As in previous experiments, the plants were dried in a forced air

Table 9. Tomato plant top dry weights-——phosphorus soll experiment

e —————————— i ——

Treatment® Soi1P Replications
Pnosphorus Chelate 1 2 3 L Mean

grams per pot
1. (-) (-) A hohl h029 |-lo20 ho?o h.hO
2. (e) (=) A 5410 LBl 5.2l 5631 5.12
e {2) 330 Fe A 3.52 5.04 5el7 5«87 11.90
Lhe (4) V-0l Fe A 3.96 3.98 L.B1 S.82 L6k
5¢ (+) 33C H A .53 3.78 5el3 L2 LSk
6. (4) V-0l H A 3.96 L.96 5e66 8.52 5.77
7' ("") 330 Fe A 3-98 057 6-h1 h036 hth
8a (=) V-ol Fe A L.57 3.72 3.92 L.63 L.21
9. (=) 330 H A L.ll La76 5.07 Loll .66
10. (=) V-0l H A 6.78 536 L.81 LeSh 5¢37
11. (=) (=) B 0.00 0.97 VRVs) W 0.52
12- (4) (-) B 2.38 0-93 U.BO 1033 1.36
13. (+) 330 Fe B 0.23 0.99 017 2,52 098
Li. () V=0l Fe B 0.38 0.52 0.11 1.71 0,68
15. () 330 H B O.42 0440 1.1k 2.79 1.19
16. (4] V-ol H B 0421 1.15 2.35 1.56 132
1T (=) 330 Fe B Ol 0.85 0420 0.92 0460
18. (=) V-0l Fe B 059 D72 046 1.55 0.83
19. (=) 330 H B 0.19 0,00 0493 1.5 0.92
2. (=) V-0l H B 0.7k 0.16 0.32 1.09 0.58

8(-) signifies no treatment; (+) signifies 100 pounds per acre
Po0g applied; 330 denotes Chel 33C; V-ol denotes Versenol.

these results were analyzed statistically.

of the statistical analysis.

l.
2.

YS0il A = Tabiona sandy clay loam; Soil B = Naples clay loam.

In order to determine if and where differences were significant,

This experiment made apparent the following facts:

That added phosphorus increased yields in both soils.

That soil A yielded about five times better than soil B.

Table 10 shows the results

(The plants
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which were treated lost the purplish cclor from the underside of
their leaves® in one to four days after treatment.)

3. That the chelates definitely affected yields but that the effect on
vield, either positive or negative, was characteristic of each

individual chelate.

Table 10. Analysis of variance--phosphorus deficient soil experiment

Source af. Ssgs. Msq. F. Sg.2
Total 79 367.170
Replications 3 10.11Y 3.373 5«6L  (.001)
Soils 1 311.576 311.576 521.29 (.u01)
Phosphorus 1 2.552 2.542 h.25 (.025)
Chelates 4 3.754 0.939 1.57  (+125)
Soil x phosphorus 1 314.163  31L.183 525.55 (.001
Soil x chelates L 318,256 79.564 133.12  (.001)
Phosphorus x chelates b 8.239 2.080 3.45  (.01)
Scil x phosphorus x chelate N 23.958 5.989 10.02 {.001)
Error 57 34,070 05977

Coefficient of variation--26.93 percent

831 gnificance no* measured beyond (.001).

Discussion

The greatest variation in this experiment was between the two
soils., As both were low in phosphorus, the great difference probably
was mostly due to the high salt concentration in Soil B and the result-
ing poor structure and crusting.

Added phosphors cleared up phosphorus deficiency symptoms
quickly in most cases but did not stimilate fast growth. The poor
growth of all plants ean probally be attrituted to two factors, namely,

cool fall weather and low nitrogen content of the soils.

1 ) e 3 3
~The main visible phosphorus deficiency symptom in tomatoes.
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The effect of chelate on yield was similar in most cases to re-
sults obtained from previous sand culture experiments. Looking at the
treatment means, it is noticed that cnelates generally suppressed
yields. However, upon looking at the third and fourth replications, it
is noticed that chelated fertilizer treatments were superior to the
regulay fertilizer treatments. This brings up the possibility of a
third factor being involved, possibly a combination of temperature and
moigture, There was a temperature differential in the greenhouse which
could not bYe avoided. Replications 3 and 4 were in a warmer locaticn
than replications 1 and 2. Just what the effect of the temperature-

moisture=chelate interaction is, is not known.
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SUMMARY

In order to determine if chelates affected the solubility of
phosphorus, Marglobe tomatoes were grown by the sand culture method
with phosphorus supplied in insoluble forms and various chelates added.
Apparently the chelates rendered phosphorus available to the plants.
Theories were proposed to explain the negative as well as positive
growth responses and phospnorus deficiencies. A theory was proposed
to explain the mechanism by which chelates rendered insoluble phos-
phates available for plant use.

Then, two phosphorus deficient soils were chosen to study the
effect of chelates on phosphorus fertilizer availability. Chelates
and phosphorus fertilizer were applied to the soils. The chelate had
a definite effect on yleld, but the effect was determined by the type
of cation chelated and possible temperature-moisture relationships.

Generally, chelates were able to render insoluble phosphate avail-
able to plants in small amounts., However in most cases, the mechanism
is not efficient enough to allow economical use of chelates to increase

phosphorus availability.
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