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industrial pollution and possibly to accumulation of this ele-
ment in soils from various sources, it was thought that such
& study might be useful in yielding practical information
with regard to alleviating Zn toxicity caused by the high Zn
levels of the above soils.

Hence, the purpose of this paper was to study the following:
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1) The effect of high P levels in combination with two
levels of lime on dry matter yield and composition
of maize, sudan grass, tomato and cotton grown on pol-
luted soils containing toxic levels of 2.5% acetic

aclid extractable Zn..

2) The P-Zn interrelaticnship in the presence of high

P and Yn levels.

3) The residual effect of applied P on dry matter yield
and mineral composition of beans, lettuce and maize

grown on the above soil in the presence of two le-

vels of lime.
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REVIEW OF LITERATURE

The effect of P on goil IZIn availability

Many investigators have reported that P has a depressive
effect on soil Zn availability. The first observation of this
effect has been made by Mowry and Camp(1834), who found that
Zn deficiency in citrus is rather apt to occur in soils hea-
vily fertilized with P, or frequently containing high levels
of soluble phosphates. Later, Barnette et al.(1936) showed
that the application of superphosphate to the row with Zn,
interfered with Zn deficiency symptoms, corrected with zinc
" sulfate. West(1938) reported that citrus plants grown on su-
perphosphate treated plots in Australia, suffered from Zn de-
ficiency apparently induced by phosphate ions. Similar results
have been reported in the literature by Chapman et al.(1937),
Powers and Pang(1947), Millikan(13947), Stukenholtz et al.(1966)
Loneragen(1951), Morril(1856}, Koukbulakis(1967), Burleson et
a;}(1961), Boawn and Legget(1964) and others. '

However, some investigators, contrary to the above find-
ings, have not been able to find any specific effect of phos-
phate on Zn availability, Millikan(19u40), Viets et al,(1953)
and Boawn et al.(1953). Yet, there is no doubt that residual
or applied P may have an adverse effect on Zn availability
on some soils and with some crops{(Viets, 1966). This fact is sup-
ported by the results obtained with some more recent work.
Thus, Paulsen and Rotimi(1968) found that the Zn content of two
soybean varieties, differing in sensitivity to P nutrition, was
decreased by high P applications and that added Zn overcame the
effect of P in the tolerant variety but not in the sensitive one.
Similarly, Sharma et al.(1968) reported that the Zn concentra- .
tion of tomato and corn tops was reduced significantly due to
P application and the magnitude of the reduction was greatest
for the first increment of the added P.



The mechanism of P~Zn interaction

Attempts to explain the mechanism of P-Zn interaction
have been made by some investigators, but it seems that the
availlable data are rather conflicting and the presented evi-
dence incomplete. Some workers support the view that phos-
phate precipitates Zn in the soil as Zns(POH)2 rendering it
unavailable to plants. It appears however from the work of
Boawn et al.(1954) that this view does not agree with the
fact that Zns(POH)2 could as well be used as a good source
of Zn(Boawn et al., 1957), and that according to Jurinak
and Inouye(1962) Zn has a moderate solubility in Zna(POu)2
systems, which as matter of fact, can yield a concentration
of Zn equal to 1.02 ppm and 8 ppm of P even at pH 8.

Cn the other hand Stukenholtz et al.(1966), concentra-
ted their attention to the possible occurenece of the P-Zn
interaction in the plant. Thus, they reported that the P-Zn
interrelationship is physiological in nature, occurring in
the rcots where, due to P accumulation, the translocation
of Zn to the upper plant parts is inhibited. Koukoulakis
(1867} found that the translocaticn of Zn from roots to
tops of 40-day old maize plants was related to CaCO3 content
of the scil and that the depressive P effect on Zn concen-
tration of tops was more pronounced in the soil of lower
CaCO3 content. These findings lead tc the postulation that
Ca inactivates P in the roots, reducing its tendency to ina-
ctivate Zn, and therefore even at high P levels more Zn is
translocated to tops in the more calcareous socils.

Work of Keefer and Singh(1968) related tc the mechanism
of the P-Zn interaction as revealed by corn nutriticn, in-
dicated that P and Zn were not found to precipitate in the
scil and neither did they interact in the plant. They postu-
lated that the increase in soil P in some way changes the
physiological ability of plants to absorb Zn. Further expe-

rimental evidence obtained by Pauli et al.(1968) indicated



that the P-Zn interrelationship is influenced within the plant
by the CaCO, content of the soil which alsc affects the solu-
bilities of P and Zn compounds. They concluded that the P-Zn
interaction problem is not in the soil external to plants.
Also, Martin et al.(1965) reported that the soil temperature
seems to be an important factor in determining whether or not
massive P applications will induce Zn deficiency in tomatoes
under controlled greenhouse conditions. Evidence obatained by
Stanton et al.(1970) showed that Zn is sorbed in solution by

two mechanisms, one involving OH  and the other HPOu- and
ca*™. It was concluded from the above results that this theo-
ry explains adequately the effect of P on Zn availability.
Finally, Christensen(1972) explained the effect of P on Zn
uptake as .a " dilution effect", for according to his results
in no case was the total Zn uptake reduced by increasing the

P levels.

The effect of lime and pH on IZIn availability

Many studies have shown that the native as well as the ap-
plied Zn in the form of fertilizers is more available to plants
from acid soil(Thorne, 1957). It has been found by Viets et
al.(1957) that the availability of Zn in a buffered sandy soil
as determined by plant Zn concentration, was almost doubled
when the pH was reduced from 7 to 5. On the other hand an in-
crease in pH reduced the availability of Zn. Addition of lime
according to Wear(1956) decreased the Zn concentration of sor-
ghum plants mainly due to the change in pH. He concluded that
this was not a Ca effect but a pH effect. As a matter of fact
liming may induce Zn deficiency(Thorne,1957). Generally, the
pH effect on scil Zn availability has been well established
even though the reasons are not well understood. Different
theories have been advanced suggesting that with an increase

in pH inscluble compounds are formed such as Zn(OH)z, ZnCO3,
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and Zna(POu)z. But as it has already been mentioned, this
theory does not agree with the findings of Boawn et al.(1957)

at least with respect to the formation of Zna(POu) for it

]
was shown by these workers that it can be used asza good
source of Zn for plant growth. More recent work of Prokhorov
and Gromova(1971) points out that the sorption of Zn by clay
minerals depends largely on soil pH. They réported that at
low pH (acid range) Zn. is adsorbed by ion exchange. With an
increase in pH the competition with hydrogen decreases and
the Zn sorption increases.

‘The above findings can not be overruled without further
research and therefore the precipitation theory of P by Zn
has to be further examined, for it appears that somehow the

P-Zn interaction is also related to the soil.
Effect of P and lime on In availability

Shukla(1972) reported that liming resulted in decreased
availability of both native and applied Zn, the decrease ran-
ging from 32 to 34%. This was attributed to an increase in
pH and perhaps to the formation of calcium zincate, as sug-
gested by Jurinak and Thorne(1955). Contrary to lime, P ap-
plication in the form of KH,PO, resulted in an increased
availability of both native and applied Zn. He explained this
effect of P on Zn availability on the basis of pH changes
brought about by the P fertilizer used. On the other hand,
Spencer(1960) found that both superphosphate and lime ap-
plications considerdbly decreased the concentration of Zn
in the roots, and the ratio of root Zn to leaf Zn, indica-
ting that Zn was imobilized in the soil external to the
root system, by phosphate and lime. Furthermore, he repo-
rted that growth of the trees which were treated with only
phosphate or in combination with limestone, was sigifican-
tly smaller than that receiving only limestone. Meuer et
@l.(1971) also found that increasing the soil pH to appro-
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ximately 6.5 by liming reduced Zn uptake by 31% and that this
reduction was sufficient enough to cause Zn deficiency symptoms.
They further observed that liming had a much greater effect

on Zn availability than P alone. It appears that the response
to liming depended :.on . the kind of plant. This is suggested

by the work of Smilde(1971) who experimented with forest trees
and found that conifer dry weight responded best to P applied
in the absence of lime, whereas liming to pH 4.4 promoted the

P response of broadleaved species. He also found that P inter-
fered with root to shoot translocation of Cu, Fe and Al but

not of Zn and Mn. Further experimental results obtained by
Seatz et al.(1959), indicated that as the liming rate increased
frm 2 to 8 tons/acre, the severity of Zn deficiency increased
without Zn fertilization. Addition of P205 up to 1000 lbs/acre
resulted in significant yield increases. They also reported
that Zn fertilization decreased significantly the P content

of plants along with the other elements. Similar results have
also been reported for oats by Rogers and Wu(19u8).

Effect of P and lime application on Zn toxieity

The toxicity of Zn to plants was known to agriculturists
many years ago before its essentiality was established for
normal plant growth(Thorne, 1957). The excessively high Zn
content of some soils due to either pollution by Zn industry
or to natural accumulation through the deposition of plant
material as well as possible contamination through the exten-
sive use of the Zn compounds for the control of soil borne
fungal deseases, has stimulated scientific interest and some
papers, limited in number, have appeared in literature. Thus,
Henkens(1961) reported that the high Zn content of soils along
the rivers Dommel and Neer in the Netherlands, was control-
led by large dressings of 1lime(6.66 g/kg of soil CaCO, increa-
sed the pH from 5.4 to 6.9). Gall and Barnette(1940) found
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that P application in the form of monocalecium phosphate at
a rate of 233 lbs/acre did not change the level of exchangeable
Zn, toxic to maize or cowpeas. They stated that the presence
of phosphate as a plant nutrient stimulated the growth of maize
and cowpeas on the Orangeburg fine sand loam, while no effect -
was noted on the Norfolk sand.

From the experimental evidence received so far it is conclu-
ded that plants respond variably to toxi¢ Zn levels. Thus, Pol-
son and Adams(13870) reported that Salinac varieties of navy
beans differ markedly in their response to excessive levels of
Zn and Cu. Boawn and Rasmussen(1871) found that Zn concentrati-
on in tops assoclated with a 20% yield decrease, varied from
240 ppm for field bean to 740 ppm for sugar beet, with most
crops falling in the 400 to 600 ppm range. Moreover, some crops
such as swiss chard and spinach seem to tolerate extremely high
levels of available soil Zn before accumulating toxic concen-
trations(Boawn, 1972). Similar studies conducted by Walsh et al.
(19725, where excessive levels of Z2n were used varying from
0 to 363 kg/ha on a loamy sand soil, indicated that generally,
the yields of the snapbeans, cucumbers and maize were not re-
duced even at the higher rates of applied Zn. In relation to
the ability of some plants to tolerate high amounts of metals
Smilde(1973) states that internal plant tolerance, which is pro-
moted possibly by P plays a more important part in neutrali-
zing toxic concentrations of Zn and possibly Fe than exclusion
mechanisms. The toxicity of high levels of Zn to plants may per-
haps be explained on the basis of the findings of Lee et al.
(1969) who reported that this element appears to interfere
with the normal metabolism of Fe in some crops(flax).



MATERIALS AND METHODS

Six pot experiments were conducted in a glasshouse of the
Institute for Soil Fertility, Haren (Gr.), the Netherlands.
The following crops were studied: (a) tomato Solanum lycoper-
steum MILL. var. Moneymaker,(b) French bean Phaseolus vulgaris
var. Prelude, (c) lettuce Lactuea sativa var. Reszia, (d)
maize Zea maye L. var. Civona, (e) cotton1 Gogaypium hirsutum
var. 4S, and (f) sudan grass1 Sorghum vulgare , sweet sudan
grass var. M-3011.

An additional experiment was set up, without crop, to
study the effect of six levels of Zn and two levels of lime
on the availability of added and indigenous soil P. The details

of the above experiments are given in table 1.
Statistical design

A mixed factorial design of the type 3x22 was used to stu-
dy the effects of six P and two lime . levels on dry matter
yield of plants, mineral composition, residual P effect on
dry matter and composition, and various Zn levels on the avai-
lability of indigenous and applied P, as suggested by Cochran
and Cox, 1957, p. 224. This design has the advantage in that
it confines the confounding to the highest order interactions,

it includes by necessity a partial confounding of the least
important interactions and sacrifices a small fraction of the
important interactions(Yates, 1937). The statistical analysis
was made in the Data Processing Center of the University of

Groningen with a C.D.C. computer.

1Cotton seeds were supplied by the Cotton Research institute

Sindos, Thessaloniki, Greece, and sudan grass by the Fodder
Crops Research Institute, Larissa, Greece.

13
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Table 1 : Pot experiments conducted in the glasshouse during
the course of the study.

Project serial Number of Date Crop
number replications started finished studied
VP-1115 3 29/3/73 15/5/73 Tomatc
" 3 29/3/73 3/5/73 Maize
" 3 22/5/73 10/7/73 Cotton
" 3 26/6/73 24/7/73 S. grass
VP-1128 2 26/4/73 1/8/73 _
VP-1059 X 21/5/73 27/6/73 Lettuce
" X 28/6/73 18/7/73 Maize

XThis expleratory experiment started on 25/8/71 and original-
it had twc replications. With the addition of extra P it was
actually split intc two experiments each with one replicate.

Soile

Three soils were studied denoted as A, B and C. The A and
B originated from Neerpelt, located in the Northern part cof
Belgium, and were sampled near the vicinity of a zinc factery.
Soil A was used to study the P effect on plant dry matter
yield and mineral composition, while B was used for the stu-
dy of the residual P effect. The scil C coriginated from So-
meren, lécated in the N. Brabant province of the Netherlands.
It was used to study the effects of added Zn on the availabi-
lity of applied and indigenous P. Informaticn on the physico-
chemical properties of these socils are given in table 2. It
is shown that both A and B solls are rich in 2.5% acetic acid
extractable Zn. This is due to pollution with ZnO, emitted
by the nearby zinc smelter, which has been in operation in that
area for the last hundred years. As a consequence, 400 hecta-

res have almcst become ygeless for any further agricultural
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use. The land around the smelter is barren and the existing
scattered big trees are slowly drying due to Zn toxicity. This
has actually been the cause of the initiation of the present
study.

Table 2 : Some physicochemical properties of soils studied

Soil Origin .~ .~ Physicoghemical i-." Properties
' 0.M.% Zn, ppm

texturé'pH:.'Pﬁ3

A Neerpelt,“Belgium, - Sand 4.5 51 ./ 4.4 171
B n Sand 4.3 20 5.9 167
c Someren,Netherland Sand 3.9 1 3.9 11

Pw is expressed in mg P205 per littre of soil.

Applied treatments

The levels of P and Zn used in the various experiments
conducted(table 1), were 0, 250, 500, 750, 1000, and 1500
kg/ha P205 and 0, 75, 150, 300, 60&, and 1200 ppm of Zn. The
P was applied as Ca(HZPOM)Z'HZO and the Zn as ZnSOu.7H20.
The P treatments of the experiments VP-1059 were increased
each year by half of the P quantity applied in the previous
year. As to lime, two levels were used, namely 0 and %, and
it was applied in the form of Ca(OH)z, the amount varying
with the soil organic matter content. It corresponded to the
quantity needed to raise the pH of soil by approximately
one pH unit. Thus, the rates used in the various experiments
were: VP-1115 1770 kgs, VP-1059 2170 kgs, and VP-1128 1620
kgs of Ca0 equivalent per hectare per 15 cm depth. These
quantities were calculated on the basis of the information
given by the handbook of the Ministry of Agriculture and
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Fisheries(Ministerie van Landbouw en Visserij, Adviesbasis voor
bemesting van landbouwgronden, 1962, p. 25),

Basic fertilization

Each pot of the experiment VP-1115 received a basic appli-
cation consisting of 1.4 g N as NHMNOS’ 2.0 g KZO as KN03, 1.0
g Mg0 as MgSOq.7H20, 0.15 g CuSOu.SHZO, 0,05 NaQBuO7.jOH20 and

G.015 g Na?Mooq.ZHQO. Every pot of VP-1059 was given a sup-

plemental dressing of 0.7 g N as NH,NO,, 0.2 g MgO as MgSO, .7H,0
to account for the losses of these nutrients by the various
crops grown during 1972 and 1971 pericds. The basic fertiliza-
tion of this experiment was applied at the time of its commen-

cement, namely 25/8/71.

Supplemental dressing

After the harvest of maize(VP-1115), a supplemental dres-
sing of 0.7 g N/pot as NHqNos, 1.0 g KQO/pot as KNO, and C.5 g
MgO/pot as MgSOu.7H20 was administered, to satisfy the nutrient
needs of the next crop(sudan grass), which also received an ad-
ditional further dressing of 0.2 g N/pot as NHHNO3 on 17/7/73.
Similarly, cotton following the tomato(VP-1115), received in
total 0.8 g N/pot as NH NO, given in split applications of 0.2
g N/pot during its growth period from 8/6/73 to 28/6/73 to cor-
rect the N deficiency symptoms. Finally, maize(VP-1059), recei-
ved a total supplemental dressing of 0.2 g/pot N as NH, NGO, in

473
split applications of 0.1 g/pot over the period 5/7/73 to 9/7/73.

Preparation of pote

The pots of each experiment were prepared separately ac-
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cording to standard techniques followed at the Pot Experiment
Department of the Institute. Thus, for the experiment VP-111§
36 plastic(polyethylene) pots of 10 litres volume, were fil-
led with 11.385 Kgs of soil(weight determined on oven dry
-10500—basis), previously mixed with the basic dressing(basic
fertilization) and the corresponding P and lime treafments,
according to the stafizzécal design used. The seeding rates
were 10 seeds/pot forvtomato and cotton, and 40 seeds/pot for
sudan grass. Thinning to 5 plants/pot was done only for the
first three crops but not for the sudan grass. For the VP-1128
experiment, 24 plastic pots of 1.2 litres volume were filled
with 1.000 kg of dry soil(oven dry basis), which had previou-
sly been mixed with the Zn applications accérding to the design
employed.: Also, én May 10, 1973 each of these pots was uni-
formly mixed with 0.4 g Pgas EifHZPOM)'HQO along with two levels
of lime, namely 0 level and 12-8 g Ca(OH)z. The pots of experi-
ment VP-1059 were filled on on 25/8/71. To each pot of this
experiment 10 lettuce plants were planted as first crop for
1973, followed by maize sown at a rate of 13 seeds/pot. After
the preparation, the pots were placed in the greenhouse and
arranged according to the statistical design used. The prevai-
ling humudity and temperature in the glasshouse was contingou-

sly recorded by an automatic thermohydrograph(table 4).

Watering of pots

Pots were watered regularly with freshly prepared deionized
water. Before each application of water, they were weighed sepa-
rately and the amount of water added never exceeded the water
capacity (W.C.). By this term, as it is used at the Institute
is meant the amount of soil water corresponding with an equi-
libriated saturation state of soil, expressed as 100%. The am-
ount of water each pot received during irrigation, was through-
out the growth period in the range of 45 to 70% of the water
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o
capacity

Glasshouse environmmental conditions

The experiments VP-1115 and VP-1128 were conducted in a
glasshouse which was permanently covered, while VP-1059(1let*
tuce) was conducted in a glasshouse with a mobile roof. Thus,
during most of the time this glasshouse was kept open, being
closed only during rain or wind blow. The avarage temperatu-
re at 12 and 2% hours as well as the humidity are given in
table 3.

Table 3 : Average temperature at 12 and 24 hours and relative
humidity recorded during crop growth in the glass-

houses.

Project serial Crop Temperature  Humidity
number 12hour 24hour
VP-1115 Tomato 23.2 20.5 47.6 .

" Maize 23 .1 20.3 47.6 -

" Cotton 26.7 24.3 2.2

" Sudan grass 30.4 27.3 67.0
VP-1059 Lettuce 20,6 .1 77.3

" Maize 30.2 20.2 70.3
VeP-1128 26.8 23.7 61.9

TThe water capacity of a given soil is determined by satura-

ting a known amount of soil(oven dry basis) over a period of
three days for the attainment of the equilibrium and by sub-
sequent determination of soil moisture(drying at 105°C). The
amount of moisture so found represents the water capacity and
is considered as 100%.
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"Harvesting and soil sampling

The crops were harvested on the dates indicated in table
1. Each pot of the experiment VP-%128, was sampled by means
of aplastic sampler to the bottom of the pot in order to as-
sure uniformity of the sample. Soil sampling for this parti-
cular experiment was done every month, starting from the
date of the P application(10-5-73), for the determination of
the Pw-value and following up the changes in available P due
to the various Zn treatments. Soil samples were also taken
from the other experiments for Pw determinations. The plant
samples harvested were dried at 105°C for 24 hours, ground
to pass a sieve of 2 mm, and stored in plastic boxes for che-

mical analyses.

Analytical methods

The chemical analyses of plant and soil samples, except-
ing determination of "available Zn of soil", were done in the
Central Chemical Laboratory of the Institute and the methods

- used are as follows:

Plant 3n, Mn and Fe

A modified method1 used in the Laboratoty, was employed,
based on wet digestion of 1.0 g plant sample in a concentrated
perchloric acid + nitric acid + sulfuric acid system. The ele-
ments were determined in the extract by means of a Perkin Elmer
Atom. Absorption Spectrophotometer, model 306.

Plant P

P was- determined by the method suggested by Rameau and Ten

1Personal communication by Messrs H. Vierveyzer and T. Lepelaar,

Head and nanalyst, respectively, of the Central Chemical Labo-
ratory of the Institute for Soil Fertility, Haren (Gr.).
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Have(1951), employing mono-methicpara-amidophenol sulfate
(metol) as a reducing agent for the develcpment of the blue

color.

Pilant ¥

The method of Deijs(1961) was employed for the determina-
tion of total plant N.

Available P (Pw-value)

This was determined according to the method of Sissingh
(1971). Ascorbic acid was used as a reducing agent for the
development of the blue color.

Fraetionation of sotl P

The Fe-P, Ca-P and Al-P fractions of the soil from VP-
1059 experiment were determined by means of the method of
Chang and Jackson(1957).

"Available soil Zn"

Soil "available Zn" was extracted by five eyxtyactants
and Zn was determined in the extracts by means of an atomic
absorption spectrophotometer in the research laboratory of
the Glasshouse Research and Experiment Station, Naaldwijk,
the Netherlands. The methods of extraction employed were:

M ammonium acetate, suggested by Shaw and Dean¢1952),

0,01M EDTA + M ammonium carbonate(Trierweiler and Lindsay,
1869), 0.02M EDTA(Jensen and Laam, 1661), 0.05M EDTA as used
in the above laboratory, and 2.5% acetic acid(Davies, 1971).



RESULTS AND DISCUSSION

Effect of P and lime on dry matter ytelds

Applied P in the presence of lime had a positive and stati-
stically significant effect on dry matter yields of tomato, mai-
ze, and sudan grass, but not on cotton(fig. 1, table 4). In the
absence of lime, tomato and cotton failed almost completely to
respond to added P, while maize and sudan grass responded signifi-
cantly, maximum yields being attained for both crops with the
third level of P, the mean yield leveling off with further inc-
rease of P. It was alsc found that in the limed soil, maize and
sudan grass could not produce maximum dry matter yields with the
applied P levels. This was most probably due to fixation of P by
lime. E P

The effect of lime was negative at the low levelsy for maize
and sudan grass, and positive for cotton and tomato, suggesting
that liming may not be a limiting factor for maize and sudan grass
production, but only for cotton and tomato. On the ‘other hand the
poesitive, highly significant PxL interaction in tomato, maize
and sudan grass indicated that both P and L must be at high le-
vels for tomato and lower levels for the latter crops, if maxi-
mum growth is to be realized, the negative and significant p?
effect suggesting that the slope of the response curve is dimi-
nishing with additional P increments. The general P and lime ef-
fect on tomatc and beans{experiment VP-1059) is shown in photo
1, 2 and 3.

Effect of P and lime on P concentration of tope

The range of the applied P levels included amounts that are
noermally added to agricultural soils as well as quantities which

21
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Fig. 1. Effect of applied P on dry matter yield of
tomato, cotton, maize and sudan grass grown
in the presence of two levels of lime.
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Photo 1. Effect of phosphate [evels (P1 to P4) on growth of bean
in the presence of lime.
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Photo 2. Effect of phosphate levels (P1 to P6) on growth of tomato
inthe presence of lime.



NO LIME LINE

NO LIME LIME

Ps Ps

ND . LIME ] - LIME

NG LIME LiME

Ps . Pe

Photo 3. Effect of lime on growth of tomato and bean
in the presence of P1 and P6 phosphate levels.



i}nay be considered relatively high. This was necessitated by
the high Zn content of the soil studied. Thus, it was found
that P had a positive effect on P concentration of tops of
tomato, cotton, maize and sudan grass, and the differences
among treatments were highly significant(table 5).

Table 4 : Regression coefficients and F values for dry matter
yields of tops of the ¢&érops studied,

Terms Tomato Cotton Corn Sudan grass
regres- . \ I  regres- " regres- F regres- F
sion . ~value sion value sion value sion value

cpeffic. . coeffic. coeffic. qoeffig,

P 0.589 170:0%% 20,013  by12 "0.91u 196.5%*% g.585 113.4%**
L 7.268 740.2%%% 2.392:119.7%*%_2 59 ug.p¥** _5 23 yp,att*
P2 _p.249 12.2%% _g.174  8.9%% _p.e3 37.4%*% _g.19  5.0%
PxL 0.588 169.8%*% _g.014 0.1 0.29 19.4*% 9,200 13.3**

R1 0.9889 0.9204 0.9616 0.940Y

1Multipié correlation coefficient. %xx y X% , % = 1%¢ , 1% and
5% level of significance,respectively.

The general P level of the plants investigated was lower for
limed soil than for unlimed(fig. 2 and 4). This showed that
lime had a negative effect on P concentration of tops which
was highly significant, indicating the role of lime in inacti-
vating soil P. The negative and highly significant PxL intera-
ction in maize showed that maximum P concentration of tops

waes attained with high P and low lime, and that the curvature
was stronger at the lower lime rate as suggested by the ne-
gative and highly significant_P2 effect. On the other hand |
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Fig. 2. Effect of applied P on P, Zn, Fe and Mn con-
centration of tomato and cctton grown in the
presence of two levels of lime.
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the positive and highly significant PxL interaction in cotton

indicated that maximum P concentration was possible at a }eter
* ! ‘.'
lime rate. tghe

Table 5 : Regression coefficients and F values for P concen-
tration of tops of crops studied

Terms Cotton Maize Sudan grass
regression F regression F regression T
coefficient  value coefficient value coefficient valu

p 0.022 130.2%%% ¢ 59 1238.4%%% g 033  758.4%

L -0.086 58.6%%% _p, 25 865.9%%% _9. 147  y10.7%

p2 0,004 1.84  -0.01 25.3%%  _0.002 1.2

PxL 0.012 38.53%% _p.02 121.7%*% 4.009 0.6

R 0.9872 0.9987 0.9974

Multiple: correlation coefficient. %%x%, %%, x*x = 1%, 1% and 5%
level of significance, respectively.

The effect of the applied P treatments on the total P up-
take was as expected, positive and highly significant for all
crops studied(table 6, fig. 3 & 5). Similarly, the lime effect
was positive and highly significant for cotton, but negative

a

%

Xk

and highly significant for maize and sudan grass. The PxL intera-

ction, on the other hand, was positive for cotton and negative

for maize, but highly significant in both cases, suggesting that

for the former crop both P and lime must be at high level, whil
for the latter P must be at high gnd lime at lowlevel for maxi-
mum total P uptake.Hcwever, the slope of the P response curve 1
both of the above crops is decreasing as suggested by the nega-
tive and highly significant P? effect.

e

n
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Fig. 5. Effect of applied P on total uptake of P, Zn
Fe and Mn of maize and sudan grass in the pre-
sence of two levels of lime
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Table 6 : Regression coefficients and T values for total
P uptake of tops of crops studied.

Terms Cotton Maize Sudan grass

regression F regression F regression T
coefficient value coefficient value coefficint value

P 0.629 39.8%*% 20,43  1097.6%*% 7.81  187.0%*%
L 13.325  509.3**% _gp0.92 621.1*%% 09,5  77.5%*%
p? -0.988 39.2%** _5 97 36.9%% _g.50 0.3
PxL 0.560 31.6%% _3.95 40.9%%% g.67 1.4

R 0.9955 0.998Y 0.9896

Mul‘tiple correlation ceofficient. x%xx, %%, *x = 1%0, 1% and
5% level of signiticance, respectively.

Effect of P and lime on Zn concentration of tops

As it has been pointed out in the review of literature,
P has been found to have a depressive effect on Zn concentra-
tion of some plants. In the present work it was found that ad-
ded P treatments had indeed a negative effect on plant Zn
concentration as suggested by the negative regression coef-
ficients. This effect was however, only statistically signi-
ficant at the 10% level(table 7). Similarly, the effect of lime
was also negative but higly significant, indicating the impo-
rtant function of lime in controlling soil Zn availability.
It is also suggestive of the need for liming of the Zn pollu-
ted soils.

The effect of P and lime on Zn concentration of tops is
demonstrated in fig. 2. Contrary to the effect of the applied
P treatments on plant Zn concentration, total Zn uptake of

maize and sudan grass was increased by P(fig. 5) as shown by
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the positive regression coefficients, the differences being
significant at 1% and 1%» level, respectively.{table 8). The
effect of lime on total Zn uptake was similarly negative for
maize and sudan grass, and positive for cotton, but highly
significant for all crops, indicating that liming is neces-
sary for high Zn accumulating crops.

Table 7 : Regression coefficients and F values for Zn con-
centration of tops of crops studied.

Terms Cotton Maize 3udan grass

regression F regression F . regression F

coefficient wvalue coefficient value coefficien. value

P -14.24 4.37° -6.19 4.51°  -4.13 4,85
L -916.0 516.51%*%  _191.5  123.32%** _q56.4 19g.5%*%
P? 4.8y 0.20 ~1.33 0.08  -5.56 3,5°
PxL  3.39 . 0.25 ~0.62 0.05 2.79 2.2

R 0.9943 0.9775 0.9860

1%, 1%,

1Multip;le-,.' correlation coefficient., %%%, %%, %, e
5% and 10% level of significance, respectively.

Effect of P and lime on Fe and Mn coneentration

The effect of P on Fe concentration of tops was generally
negative, but the differences were not statistically significant
(table 9). Lime, as expected, had a strong negative effect as
revealed by the corresponding negative regression coefficient
for cotton and maize, being highly significant for the former
and significant for the latter crop. On the other hand, the
general Fe level of sudan grass was not affected by P applica-

+tion, and neither by lime(fig. 4). The PxL interaction in maize
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Table 8 : Regression coefficients and F values for total Zn
uptake of tops of crops studied.

Terms __ Cotton ~ Maize sudan _grass

regression F regression F ' ;regression F
coefficient value coefficient value coeffiecient value

P -0.041 2.78  0.484 31.6%* -ouus9  go.8*%
L 1,300 81,1*% _g,792 177.6%** 3,492  133.6***
P2 -0.113 8.5% -0.618 20.6%* -0.295  13.4*
PxL -0.028 1.3 0,014 0.0  .0.119 5.48°
R 0.9792 0.9873 0.9883

1Multiplew correlation coefficient. %xxx, %xx, %, e = 1%., 1%,
5% and 10% level of significance, respectively.

was positive and significant suggesting that liming neutrali-
zes to some extent the adverse effect of high P treatments on

Fe concentration of plants. In general P increased the total

Fe uptake, except in cotton. Lime had opposite effect oén 3ll
crops, while on cotton plants it had a positive effect(table 10).
It may be stated here that the trend of the P effect on Fe con-
centration and total uptake is similar to that demonstrated

for Zn.

With respect to the P effect on Mn concentration of crops
studied, it was found that this was positive and significant at
58 and 10% level for maize and sudan grass, respectively(table '
11). similarly, the effect of lime was negative and highly
significant as shown by the negative coefficients for cotton,
maize and sudan grass. The significant effect of the positive
PxL interaction in maize, suggested that when limed, P must
ke at high level to have a pogitive net effect on Mn concen-
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tration. On the other hand the application of P treatments
had a positive effect on total Mn uptake in all crops studied

and this effect was highly significant for maize and sudan

grass{table 12), but not for cotton.

Table 9 : Regression coefficients and F values for Fe concen-
tration of tops of crops studied.

Terms cottTon Maize
regression F o regression F
coefficient value. - - coefficient wvalue

P -0.429 3.67¢ ~0.452 1,54

L —14.49 119, 3y XXX -5.250 5.94%

p2 0.892 6.34% 0.851 2.18%

PxL -0.231 1.06 1.086 8.89%

R’ 6.9778 0.8739

1Multiple correlation coefficient. %x%x, %%, %, ¢ = 1%., 1%,
5%, and 10% level of significance, respectively.

The negative and highly significant P2 effect on maize and
sudan grass, indicated however that additional P increments
have a smaller effect. Furthermore, the trend 6f the lime
effect on total Mn uptake for maize and sudan gr&ss was similar
to its effect on plant Mn concentration, that is negative and
highly significant. However, .in cotton lime had a positive
effect on total Mn uptake significant at 10% level.
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Table 10 : Regression ccefficients and F values for total
Fe uptake of tops of crops studied.

Terms Cotton Maize
regression F regression F
coefficient value coefficient value

P ~0.002 14337 0.087 853, 5 XXX

*% *x%

L 0. 042 21.11 -0.383 466.8

p2 -0.001 0.16 ~0.052 129, 0%%*

PxL ~0.002 1.16 0.050 283, 3¥%X

R’ 0.8955 0.9983

Table 11: Regression coefficients and F values for Mn concen-
tration of tops of crops studied,

Terms Cotton Maize Sudan grass

regression F regression F regression F
coefficient value coefficient value coefficient value
]

P . 03085  0.00 0.671 6.77%  +0.910 5.45®

L -221.830 534.98***% _9.917  26.88%% _yu,00:362.23%*%
p? .-0.166  0.00  -0.018 0.00 -0.76  1.54
PxL 1.062  0.43 0.681 5.96%  _0.87 3.02°
R 0.99u4 0.9334 0.9921

1

1Mu1tiple correlation coefficient. +++, ++, +, e = 1%.. 1%,
5% and 10% level of significance, respectively.
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Table 12 : Regression coefficient and F values for total
Mn uptake of tops of crops studied.

Terms Cotton Maize Sudan grass

regression F regression F regression F

coefficient wvalue coefficient value coefficient value

P 0.001 0.1y 0.093  295.0%*% p.0g1  125.6%*%
L 0.033 4.62%  -0.408  161.u*** _p.38  395,3%*%
p? -0.007 3.28°%  -0.054 39.7%*%  _p.035  16.23%%
PxL 0.001 0.31 0.032 34.5%% 0,005 0.93
R 0.8487 0.3945 0.9950

1Multip1e correlation coefficient. X%, *%x, %, e = 1%., 1%,
5% and 10% level of significance, respectively.

The P-ZIn interrelationship in 8oil

Preliminary determinations of the extractable Zn of
soil from experiments VP-1059/72(beans) and VP-1115(maize}, with
five extractants, aiming at finding a suitable method for " avai-
lable soil Zn " determination, indicated that %he Zn taken up
by maize and bean plants was significantly correlated with
M NHuAc extractable Zn{( Shaw and Dean, 1952). The relationship
obtained between Zn extracted by the various extractants and
plant Zn concentration of maize and beans, are shown in fig, 6
and 7, respectively. It can be also seen that EDTA+(NH4)ZCO3
extractable Zn(Trierweller and Lindsay, 1969), has alsc given
a good correlation with plant Zn concentration, but thig was
better for maize than for bean(table 13). It is suggested by the
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above results that the M NHuAc extractable Zn could be consi-
dered a relatively good estimation of the "available" soil Zn.
It was found furthermore, that the applied P had a strong
negative and highly significant effect on soil Zn, extracted
with M NH Ac(table 14). These preliminary results suggested
that a possible interaction between P and Zn in the soil may
take place, even though many workers have excluded this possi-
bility(Viets, 1966). The effect of P on soil Zn is shown for

the various soils studied, in fig. 8.

Table 13 : Coefficients of correlation for the relatioship
between plant and soil Zn as determined by various

extractants.
Experiment Crop 1:10 1:10 1:23 1:2 1:40
studied M NHuAC EDTA EDTA EDTA+NHMC03 HOAc
VP-1059 beans 0.8375x -0.0713 D.0870 0.7253 - 0.3197
VP-1059 heans 0.9158* 0.1481 -~-0.0526 0.4857 0.12390
VP-1115 maize 0.8654* 0.1086 0.5377 U.BGS* 0.3365

In order to prove that excessive Zn content of soil under
investigation could fix P in the soil, as it was revealed by . the
strong P deficiency symptoms in tomatc plants, an experiment
(VP-1128) was initiated to study the effect of added excess Zn
on the availability of P added to soil. The Someren soil (C)
was used for this experiment(table 2). No crops were grown.

Instead, soil sampling was carried out about every thirty

days and the Pw-value was determined(table 15). It is shown






