Effect of pesticides on availability of plant nutrients
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fntroduction

A synergy between plant pro-
duction and plant protection che-
miaals is essential for achieving
higher and stabilized production
of food, feed and fiber with the
use of improved genetic resour-
ces under healthy soil environ-
ments. Therefore, larger amounts
of agricultural chemicals are ap-
plied at present than before for
fully exploiting the yleld poten-
tials of modern high yielding vari-
eties, The present system of agri-
culture is also becoming more
and more intensive. The land is
always kept cropped to achieve
an overall maximum production
per unit area per unit time by
adopting diversified cropping pat-
terns under different farming sys-
tems. Such a system will have to
be maintained by high levels of
inputs. The soil under intensive
agriculture will experience eco-
logical changes influencing its mi-
cro-environment,

Under such an agricultural sys-
tem it becomes all the more im-
portant to view the effects of
agricultural chemicals wused on
long term basis. Results from
such studies can be of immense
help in planning to mainta’n the
productivity of soils without de-
grading their native productive
potentials. It thus becomes of
paramount importance to study
the effects of agricultural chemi-
cals on important processes like
nitrogen fixation, nitrification and
on physical, chemical and biologi-
cal properties of the soils inclu-
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ding their influence on availabi-
lity of plant nutrients, In earlier
papers the effects of pesticides on
nitrification and nitrogen fixation
were reviewed and discussed
(Sahrawat, 1974, 1975). The pur-
pose of the present review is to
gather the information on the as-
pect pertaining to the effects of
pesticides on the availability of
plant nutrients, so vital for crop
growth. It is however, made clear
at the outset that the availabi-
lity of a nutrient is the net result
of several biological, chemical and
physical processes taking place in
soil, which if affected by these
biologically active chemicals may
not only be sometimes reflected
in the availability status of nutri-
ents but also in the growth and
yield performance of a crop.

Pesticides and increased growth
response phenomenon

Many workers stafting with the
pioneering work of Waksman and
Starkey (1923) have reported that
the stimulation of plant growth
with the soil application of pes-
ticides is greater than that can be
explained on the basis of the pes-
ticidal action for control of pests.
Because some workers have cb-
served this phenomenon of in-
creased growth (referred as in-
creased growth response or IGR)
even in the apparent absence of
root parasitic organisms (Waks-
man and Starkey, 1923; Starkey
and Waksman 1923a, b; Wilhelm.
1966; Altman and Tsue, 1965;
Burrage et al, 1967). The pheno-
menon of IGR is seemed to be
caused by the increased release
and availability of plant nutrients
particularly nitrogen from the
organisms killed by the pesticides
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and also from soil humus and mi-
nerals. This seems logical because
the microbial cells contain many
times higher quantities of nutri-
ents like nitrogen and phosphorus
as compared to plant materials.
The phenomenon of IGR has been
discussed in details by Martin
(1972) along with possible expla-
nations and theories and so will
not be discussed in more details.

Some pesticides when applied to
soil to control root parasites also
inhibit the nitrification of ferti-
lizer nitrogen resulting in better
utilization of nitrogen by a crop,

which can utilize ammonium
form of N preferentially. Exam-
ple of such effects of the pesti-

cides can be found in the review
made by Sahrawat (1974) and so
will not be dealt in details but
mention will be made of these
where resulting in the changed up-
take of nutrients and yields of
crops. The effects of pesticidal
chemicals on the availability of
plant nutrients will be discussed
under insecticides, herbicides, fun-
gicides and fumigant heads.

Insecticides

Studies have been made with
the persistent type of insecticides
for their effects on the nutrient
status of soils. The results re-
ported by Boswell et al. (1955) in-
dicate that the growth of vegeta-
bles like carrots, parsnips or tur-
nips may be stimulated by com-
mon insecticides like DDT. The
review of Martin (1972) summari-
zes the results, whi¢ch show that
some of the systemic insecticides,
when applied to soil exert a posi-
tive effect and the crops stimula-
ted are rice gra;ns, cotton, potato
and clover. Studies of Jaiswal
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insecticides gamma
BHC, heptachlor and telodrin
showed that these insecticides
had no adverse effect whatscever
on the microbial population but
appeared to increase the minera-
lization of phosphorus. Soils dress-
ed with ammonium sulfate treat-
ed with insecticide telodrin, con-
tained higher amounts of ammo-
nium nitrogen and benefited the
sugarcane crop resulting in in-
creased yields (Srivastava, 1966).

Varade and Ballal (1969) stu-
died the effect of some common
insecticides on the availability of
plant nutrient in a black cotiton
soil and observed that the chlori-
nated insecticides like DDT, BHC
endrin and chlordane had no
effect on the availability of nitro-
gen and phosphorus at all con-
centrations varying from as low
as 10 ppm to as high as 200 ppm.
Work of Nair et al. (1973) point-
ed out that application rates of
0.45-2.25 kg a../ha of neither Se-
vidol, endrin nor gamma BHC had
any, adverse effect on the availa-
ble nitrogen, phosphorus and
potash status of the soil. Appli-
cation of these insecticides on the
other hand significantly increased
the grain yield of rice, Sevidol
being most effective and gamma
BHC least effective in this res-
pect.

In a laboratory study, Gaika-
wad et al. (1973) studied the effect
of 16 soil biocides including five
orgapopnosphate insecticides two
chlorinated insecticides and three
others containing carbamates sul-
phurous esters and six weedicid-
es on availability of N,P, K un-
der flooded soil conditions. It
was observed that application of
these biocides had moderate sti-
mulating effect on N.P.K availabi-
lity during the first three months
and available P during the entire
period. Insecticide treatments re-
sulted in slight increase in avai-
lable K during the second month
after which it decreased and fol-
lowed the values similar to those
in untreated soils. Vicario (1972)

(1967) with
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reported that malathion tended to
decrease the P level of treated
clay loam soil initially and then
it slightly increased. K levels
were affected slightly and the pH
of soil remained unaffected by the
insecticide treatment.

Thakre and Saxena (1972) on
the other hand from greenhouse
studies reported that DDT, en-
drin and lindane significantly re-
duced the dry matter of wheat
whereas  aldrin  increased it.
Growth of maize was increased
by 20 ppm of aldrin and 20 and
30 ppm of endrin but decreased
by 30 ppm of aldrin. 10 ppm
DDT and lindane stimulated
growth of maize but 20 and 30

ppm of lindane were toxic. DDT:

at 10 ppm enhanced N uptake by
wheat and maize. Aldrin also
stimulated nitrogen uptake at 10
and 20 ppm level in both wheat
and maize but 30 ppm inhibited
in maize only. In general lower
levels of the insecticides increas-
ed P and K uptake by crops. It
was interestingly observed that
while in wheat all levels of lin-
dane and 20° and 30 ppm of en-
drin reduced potassium uptake
but 10 ppm aldrin increased the
uptake. Narain (}975) observed
that insecticides lindane and al-
drin when used at 5 kg/ha rates
with ammonium sulphate, urea
and ammonium nitrate did not
significantly affect the N, P and K,
content in rice in pot culture ex-
periments.

Herbicides
It has been observed from the
review of literature (Sahrawat

1974) that the amount of herbi-
cides required to have a depress-
ing effect on processes like nitri-
fication are many times higher
than those recommended and
same is true for other microbial
processes,

Dukhanin and Kolosova (1962)
found that in laboratory studies
2-4-D showed a tendency to in-
crease the mobile P content and
nitrate nitrogen in soils. Simi-
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larly Tsvetkova * (1966) reported
that in a podzolic soil higher
rates of simazine and atrazine her-
bicides increased phosphorus and
potash availability.

It was observed that 2,4-D ten-
ded to increase the levels of P,
K, Ca and total N above the level
ot the control in a clay loam soil.
MCPA — potassium tended to
decrease the P level of treated soil
for 3 weeks but then increased
it and caused slight fluctuations
in K levels and reduced total N
particularly in the 5th week.
MCPA increased calcium content
during the first week. No treat-
ment affected the soil pH (Vica-
rio, 1972).

Very interesting results have
been reported by Steenbjerg et al.
(1972) about the effect of nitro-
gen and simazine on the utiliza-
tion of various plant nutrients.
They found that in pot experi-
ments with oats, the supply of N
and simazine were inversely relat-
ed in such a way that when there
was only a limited quantity of N
present, the amount of N absorb-
ed was almost independent of the
simazine, but the concentration
of the nutrient rose sharply in
the plant with the application of
simazine. It was concluded that
the influence of simazine on the
absorption of a plant nutrient
and on its concentration in the
plant seemed to be strongly de-
pendent on the quantity of nutri-
ent present. Gaikawad et al.
(1973) reported that the weedici-
des MCPA, nitrofen, propanil,
Molinate, potassium azide under
flooded soil conditions had a sti-
mulatory effect on the availability
of N, P and K during the first
three months and available P dur-
ing the entire period. Applica-
tion of weedicides resulted in
marked increase in K availability
during the second and fourth
months.

Chesalin and Timofeeva (1975)
using N tagged nitrogen found
that application of atrazine in-
creased uptake of applied nitro-
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gen by maize plants ,tolerant of
atrazine) and had no significant
effect on their N metabolism but
in sunflower (susceptible) plants
it decreased uptake of ®*N and
inhibited protein synthesis.

Fungicides

Fungicides are applied either as
seed dressing or through soil to
control the seed or soil borne
fungi and their rates are general-
ly lower than those of insectici-
des and herbicides. It has been
generally observed that these che-
micals are degraded in soils and
act as source of nutrients to mi-
croorganisms and in turn may
release the constituent elements
of these chemicals especially mi-
cronutrients like Fe, Mn, Zn, etc.
But there are very few reports
about the effects of fungicides on
availablity of plant nutrients. In
very few cases micronutrient toxi-
city has been reported by fungi-
cide treatments.

Nishihara (1962)
fungicides like Vapam, PMF,
Maneb increased the growth of
rice plants especially number of
tillers, grain and straw yield and
nitrogen uptake. This was as-
cribed due to inhibition of mnitri-
fication and reduced losses of N
due to leaching and denitrifica-
tion in presence of these fungi-
cidal chemicals.

reported that

Similarly Mikkelsen (1965) used
sodium pentachlorophenolate, so-
dium trichlorophenolate, tetra-
chlorophenolate and the mixtures
of these fungicides to study their
effect on the yield performance
of rice due to their possible nitri-
fication inhibitory = influences.
There was some inhibition effect,
which was reflected in higher
yields of rice in four out of 8
trials, where sodium pentachloro-
phenolate was added. This study
indicates the better utilization of
nitrogen due to its more availa-
bility in presence of fungicides.
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Fumigants

Due to high vapor pressures of
the fumigant chemicals even their
small amounts come into contact
with large volumes of ‘'soils and
this may result in changed micro-
bial activity resulting sometimes
increased amounts of certain
nutrients especially micro-elemen-
ts constituting the fumigant. In
one of the studies Klemmer (1957)
reported that application of DD
increased the availability of nitro-
gen at lower rates due to decom-
position of soil organic matter by
fumigant resistant bacteria. Kirk-
wook (1963) found that telone
fumigant increased the availability
of iron and manganese in maize,
celery and lettuce. Jenkinson et
al- (1972) observed that fumigation
with methyl bromide or formalde-
hyde increased the growth of
wheat and rye grass not given fer-
tilizer nitrogen probably due to
mineralization and availability of
soil nitrogen. However, fumiga-
tion with methyl bromide left
ionic bromide in the soil and this
depressed the growth of wheat re-
ceiving  fertilizer nitrogen. For-
maldehyde also left residues. Per-
haps the residual effect from these
fumigants influenced soil metabo-
lism and sometimes depressed the
growth of plants given fertilizer
nitrogen.

Recently Singhal et al. (1975)
studied the effect of DD mixture
on the availability of plant nutri-
ents and observed that fumigants
while in smaller doses significan-
tly stimulated” the availability of
nitrogen and phosphorus, higher
doses tended to be toxic. Lower
rates had a non significant sup-
pressive effect on K availability
but organic matter was significan-
tly reduced with increasing rates
of DD mixture. There are some
studies which indicate that the
fumigation of soils sometimes re-
sults in the increases in Ca, Mg,
K, P, S, Zn, Mn and other ele-
ments in the saturation extracts.
Chloride is also sometimes mar-
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kedly increased following fumiga-
tion with D-D mixture (Martin
1972) and this may sometime be
of consequence to plant nutrition.
Martin (1972) has reviewed and

described the results of earlier
studies in which it was noted
that D-D, CS; and chloropicrin

fumigation increased calcium and
slightly increased the K and Mg
in the saturation extracts of both
greenhouse and field soils. These
increases were apparent even after
100 days and higher concentra-
tions of Ca were reflected in the
increased absorption of calcium
by citrus plants. Extractable P
has also been reported to increase
following fumigation of soils.

There are reports which show
that fumigation of some soils in-
creases soluble and exchangeable
Mn and also Cu and Zn as indi-
cated by both plant and soil ana-
lyses (Aldrich and Martin, 1952).
Some workers have observed that
fumigation of soils with methyl
bromide increased the Mn con-
tent of spruce seedl’'ngs and others
reported that fumigation of Ha-
waiian soils with D-D sometimes
increased both extractable iron
and alluminum (Martin, 1972).

Conclusions

The following valid conclusions
can be drawn from this review of
litrature : (1) Most of the pesti-
cidal chemicals applied at recom-
mended rates have little if any
effect on the availability of plant
nutrients, (2) Some insecticides
and herbicides sometimes show
stimulating effect on the availabi-
lity of nutrients like nitrogen,
phosphorus and potassium. (3)
Fumigation has been found tc in-
crease the availability of major
as well as minor elements due to
mineralization of soil organic mat-
ter and decomposition of these
chemicals and mineralization of
nutrients from the soil biomass.
These changes in nutrient status
of soils have been reported to
have beneficial effects on growth
of plants. (4) There are very few
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reports

showing the adverse

effects on the availability of nutri-
ents due to pesticide application

at recommended
higher

rates. (5) But

rates of fungicides and

fumigants, 'sometimes temporarily

block absorption of

some major

as well as minor elements in
plants.
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