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Photoplate I showing

A.

Effect of glyphosate

on growth of monocotyledonous

plantson the II day after treatment in

a)
b)
c)

4a)

Cyperus rotundus

Cyperus rotundus

Triticum aestivum

Triticum aestivum

Control
Sprayed
Control

Sprayed

Effect of glyphosate on growth of monocotyledonous

Plants on the X day after treatment in

a)
b)
c)

da)

Cyperus rotundus

Cuperus rotundus

Triticum aestivum

Triticum aestivum

Control
Sprayed
Control

Sprayed



Photoplate II showing

A. Effect of glyphosate on growth of dicolyledonous plants

on the II day after treatment in

a) Celosia argentea ~ Control
b) Celosia argentea -~ Sprayed
¢} Glycine max ~ Control
d) Glycine max - Sprayed
B. Effect of glyphosate on growth of dicotyledonous plants

on the X day after treatment in

a) Celosia argentea -~ Control
b) Celosia argentea ~ Sprayed
c) Glycine max ~ Control

d) Glycine max - Sprayed
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The crops wheat and soybean and weeds Cyperus and
Celosia were treated with 300 ppm foliar sprays of
glyphosate and the lezf material was harvested on the II
and X day after treatment for analysis. The growth and
appearance of these plants after the treatment of
glyphosate has been well demonstrated in plates I and II.
Glyphasate affected the growth of both the crops and weeds
from +the initial phase of treatment and the severity
increased with the time. Both the crops and weeds
exhibited a conspicuous reduction in the biomass production
as compared to the control plants ( b and d from plates I
and II). A reduction in the height and yellowing of the
leaves were specific features of the glyphosate treated
plants which were clearly evident on the X day after
treatment. The results obtained with respect to various
physiological and biochemical analyses of the control and

glyphasate treated plants have been discussed in the

following pages.

A. WATER RELATIONS

1. STOMATAL BEHAVIOUR

Effect of foliar spray of glyphosate on stomatal
behaviour in the crops wheat and soybean and weed Celosia
' argentea has been depicted in Table 2. In soybean and
wheat diffusive resistance for HZO increased on the II day

after treatment with a decrease in the transpiration rate
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as compared to the untreated plants. A further increase in
the diffusive resistance was observed in both the plants on
the X day of analysis. The rate of transpiration was
higher as compared to the control plants. In both these
crops, glyphosate induced an increase in diffusive
resistance for CO2 initially, which was minimised after the

X day of treatment.

In the weed (. argentea a slight rise in the
diffusive resistance for H,0 was observed on both the days
of investigation. Transpiration rate decreased a little on
the II day but increased on the X day after treatment.

Diefusion resistance for C02 remained more or less the same

on II and X day after treatment in the sprayed plants.

Stomata regulate the fluxes of COé and water
vapours, entering and leaving 1leaf surfaces. The
supression of stomatal opening reduces the water needs of
the plant, while enhanced stomatal opening increases
transpiration, leading to the dessication of the plant.

Herbicides such as paraguat and 2, 4, 5-T are known to kill

the plants by enhancing transpirational water loss (Rao et.

1. 1977).

In the preseat study the herbicidal treatment

decreased transpiration rate in soybean but it was enhanced

in the C3 weed C ., argsntea. Das and Santakumari (1975)

have reported that thiocarbamates inhibit transpiration in
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C4 crops and enhance in C3 weeds. They have also reported
that several herbicides such as alachior and butachior
reduce transpiration by restricted stomatal openings.
Decreased rate of transpiration helps in better management
of water in plant whereas higher transpiration leads to the

dessication and death of the plant.

Glyphosate tr=atment enhanced transpiration rate
in the dicot weed (C. argentea ) and inhibited it in dicot
crop soybean. In the monocot crop i.e. Wheat, also an
increase in transpiration rate was observed. Information
regarding the stomatal behaviour of the monocot weed ( C.
rotundus ) taken for investigation was not available due to

certain difficulties in recording the data.

STOMATAL INDEX

The values of stomatal indices as observed on the
IT and X day of glyphosate spray, have been presented in
Table. 3. Stomatal index decreased in the glyphosate
treated plants and the decrease was more prominent on the X
day after treatment. Further the values were lower in the
upper epidermis of the treated plants as compared to the
lower epidermis. In bcth the weeds the values of stomatal
indices decreased by 11 and 19 for lower and upper
epidermis respectively. In case of the crops the reduction
was in the range of 5 to 7 and 15 to 17 for the lower

and upper epidermis respectively. These results
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Table 3. Effect of glyphosate on Stomatal Index in the leaves of
Cyperus Eotundus, Triticum aestivium, Celosia argentea
and Glycine max-

Species Stomatal Index
( no. of stomata mm~2 )

1T day X day

Control L 39.8? 42,00

Cyperus rotundus U 38.35 48.19
Sprayed L 34.88 31.00

U 31.57 29.90

Control L 24.80 32.00

Tritium aestivum U/ 24.68 37.50
Sprayed L 21.12 27.30

U 17.68 22,60

Control L 30.12 31.42

Celosia argentea U 29.70 38.88
Sprayed L 25.00 22.40

U 23.85 19.00

Control L 24 .66 29.08

Glycine max U 27.37 37.50
Sprayed L 24.00 22.90

U 20.30 20.00

Values are mean of three determinations
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suggested that the stomatal index is affected more in the

weeds than in the «c¢rops by the glyphosate treatment,
Umamahesh et. al. (1984) have recorded a decrease in

stomatal index in C. argentea subjected to foliar sprays of

DNP and SMA.

2. RELATIVE WATER CONMTENT

Table 4 describes the effect of glyphosate on
relative water content in the plants under investigation.
RWC decreased more in the sprayed plants as compared to the
untreated plants on the X day after treatment. In C.
rotundus the values of RWC decreased more than in the
remaining plants. The decrease was 14% in Cyperus and 6 to
8% in the remaining plants on II day after treatment. On
the X day, RWC decreased by 20% in Cyperus whereas in
others the range of decrease was 10-16%. Here again the
weeds seem to be more affected by the glyphosate treatment.

Increased transpiration rate in Celosia might have
resulted in more 1loss of water on the X day after
treatment. In wheat also the increased transpiration rate

correlates with the decreased value of R W C

3. OSMOTIC POTENTIAL

In general the values of osmotic potential (Table
4) increased in both the control as well as treated plants
on the X day after treatment. Decrease in RWC and

increased rate of me:tabolism during the development of
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Table 4. Effect of glyphosate on relative water content and osomotic

potential in the leaves of Cyperus rotundus, Triticum

aestivum, Celosia argentea and Glycine max

Relative water content Osmotic potential
Species : (%) (~bars)
11 day X day - IT day X day
Control 80.50 56.70 .6.90 11.50
Cyperus rotundus
Sprayed 66.77 36.40 7.02 12.03
Control 81.30 78.63 5.96 9.48
Triticum aestivum
Sprayed 72.72 66.66 6.14 9.72
Control 80.15 75.20 3.65 7.25
Celosia argentia
Sprayed 73.70 59.67 3.93 7.30
Control 81.40 64.60 5.02 7.00
Glycine max
Sprayed 73.00 58.62 5.46 7.76

Values are mean of three determinations
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leaves, from II and X day might have 1increased the
cellular content resulting in an increase in the electrical
conductivity of the cell sap. However osmotic potential in
the leaves of control and treated plants did not change
much due to glyphosate. Only a marginal increase in the
osmotic potential was observed in all the plants studied on

IT as well as X day after treatment.

Maintenance of turgor depends upon the water
status of leaf tissue and a change in water status brings
about a change in +the osmotic potential. Increased
concentration of certain solutes, particularly sugars, free
amino acids helps to decrease the osmotic potential and to
maintain water balance in the plants growing under water
deficits. (Barnett and WNaylor, 1966, Singh et. al. 1973,
Munns et. al. 1979). 1In the present study a failure in the
osmotic adjustment has been observed eventhough the water
contents decrease by the herbicidal treatment. This might be due to
a negative influence of the herbicide on the plant
metabolism, decreasing there the content of solutes in

the tissues.

B. ORGANIC CONSTITUENTS

Influenced of glyphosate on various organic
constituents in the plants selected for study was analysed

on the II and the X day after treatment, Results are

discussed in the following pages.
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1. PHOTOSYNTHETIC PIGMENTS

Total chlorophylls and carotenoid$§

Effect of glyphosate on photosynthetic pigments
in the weeds and crops under study has been presented in
Table 5 and 6 and figs. 1 and 2. 1In C. ro: tundus and T.
aestivum total chlorophyll contentdecteased by about 8% on
the II day after treatment. The loés in chlorophylls was
doubled (16%) on the X day in Cyperus while in wheat there
was about 44% decrease in the total chlorophylls on X day
after treatment. In the dicotyledonous species taken for
investigations the decline in the total chlorophylls was
about 19% in both the weed and the crop on the II day after
treatment (Table 6). 1In the weed C. argentea there was no
further decrease in total chlorophyll content on X day
after treatment. However in G. max the loss in

chlorophyll was doubled (39%).

Carotenoid content in Cyperus decreased by 7 and
14% respectively on the II and X day after treatment. In
case of Celosia the % decrease was somewhat more ( 9 and
28%) than in Cyperus on both the days of anlysis (Tables
5 and 6 and fig 1 and 2). 1In both the crops the loss in
carotenoid content was much higher (more than 50%) as

compared to the weeds.

A reduction in photosynthetic pigments has been

reported by Munoz-Rueda and Gonzalez-Diaz. (1986) in the
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Table 5. Effect of glyphosate on chlorophyll and carotenoid content in the

leaves of Cyperus rotundus and Triticum aestivum

Parameters - .Day . Cyperus rotuncdus Triticum aestivum
after
treat- Control Sprayed Control Sprayed
ment
Chlorophylla  :II  059.00 053.45 083.15 071.95
(mg 100 g fr.we.) X 068.15 054.84 068.25 034.10
Chlorophyll b 11 067.00 062.45 067.95 066.75
(mgloqglfr.wt.) X 058.00 050.65 052.75 033.85
Total Chlorophylls II 126.00 115.85 151.10 138.70
( 8.05) ( 7.94)
umgloogl frawt.) X 126.15 105.75 121.00 067.90
| (16.19) (43.80)
Chlorophyll a/b  II 00.88 "00.85 1.22 1.07
X 1.17 1.08 1.24 1.01
Carotenoids II 1.70 1.58 1.50 1.00
( 7.05) (33.33)
(91003 frowt.) X 1.72 1.50 1.40 0.70
(14.66) (50.00)

Values in parantheses indicate percent decrease

Values are mean of three determinations
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FIG. 1 (a&b) — EFFECT OF GLYPHOSATE ON CHLOROPHYLL AND
CAROTENOID CONTENT IN C.rotundus and T.aestivum .
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Table 6. Effect of glyphosate on chlorophyll and carotenoid
content in the leaves of Celosia argentea and
Glycine max
Parameters Day . Celocia argentea’ Glycine max -

after
treat- Control Sprayed Control Sprayed

ment
Chlorophyll a 11 36.55 33.40 54.90 46.70
(mgl‘OO—gl frat.) X 41.00 34.09 35.10 21.25
Chlorophyll b I 30.50 21.00 49 .85 © 37.65
(mg 10(};1 frowt.) X 23.25 17.80 29.25 17.90
‘Total Chlorophylls II 67.05 54.40 104.75 84.35
(18.86) (19.23)
(g 10023‘1 frowt.) X 64.25 51.89 64.35 34.15
(14.23) (39.16)
1T 1.19 1.59 1.10 1.24

Chlorophyll a/b

X 1.76 1.91 1.20 1.28
¢ II 1.06 0.96 1.56 0.96
Carotenoids { 9.43) (36.46)
(9 100;1 fr.wt.) X 1.12 0.80 0.72 0.34
(28.57) (52.77)

Values in parantheses indicate percent decrease

Values are mean of three determinations



o8

C — Control S — Sprayed (a)
160 M crta E chib B Chi(a+b)
S
< 120F
()}
e
>
*9 80}
o
£

~
o

o1 X

C
o

Days after treatment

" Days after treatment

C. argentea 9_ max
(b)
2:0t.
3
< I'S5F
7]
>
} 5
_o
1O ’.O»—-
o
o
051
0
C S C S cC S C S
T X e X
Days atfter treatment "Days after treatment
C. argentea G.max

FIG. 2 (a&b) — EFFECT OF GLYPHOSATE ON CHLOROPHYLL AND
CAROTENOID CONTENT IN C.argentea and G.max .
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plants exposed to various glyphosate concentrations. They
also observed a greater effect on chlorophyll pigments

than on the carctenoids. In Cyperus esculentus treated

with foliar sprays of glyphosate, more than 50% decrease
in the photosynthetic pigments has been reported
(Villanueva et. al. 1985). Inhibition of chlorophyll
accumulation by glyphosate (lmm) in various crops was
studied by Kitchen et. al. (1981). They observed that in
soybean the rate of chlorophyll accumulation was reduced
by 82% whereas in corn shoots it was reduced by 64%. They
further suggested that glyphosate interferes with the
growth of the plant by inhibiting the synthesis of
chlorophylls. 1In callus cultures of tobacco and soybean
also the presence of glyphosate in the medium inhibited

chlorophyll accumulation. (Lee 1981).

In the present investigation about 40% decrease
in the total chlorophyll content has been observed in the
crops soybean and wheat treated with 300ppm glyphosate. A
greater 1loss in photosynthetic pigments suggested that
crops are more sensitive to the herbicide than the weeds.
Chlorophyll a/b ratio was found decreased in Cyperus and
wheat as a rsult of decrease in chlorophyll a, . - as
compared to chlorophyll b due to the glyphosate
treatment. On the contrary in C. argentea and soybean

chlorophyll a/b ratio increased in the treated plants due

to decreased synthesis of chlorophyll b. Munoz—Rgedﬂmﬁﬁé“
sMlvadi - Sew e
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Gonzolez-DigQ (1986) have also reported an increase in
chlorophyll a/b ratio as a consequence of major effects on

chlorophyll b in Trifolium and medicago species exposed

to glyphosate.

2. TOTAL POLYPHENOLS

Polyphenol content in different plants exposed to
the glyphOsate treatm=nt revealed an increase in this
component in all the plants studied (Table 7). Further the
polyphenol accumulation was more on the X day as compared
to the II day after treatment, the maximum increase being
observed in Cyperus (57%) followed by soybean (50%). 1In
wheat and Celosia percent increase was less as compared to

the other plants.

Secondary products of many chemical classes exist
in plants and are thought to function in interaction of
plants with pathogentes herbivores and other plants and
also as structural components of c¢ell walls such as
lignins. Any type of stress can exert a profcund effect
on thé biosynthesis of these compounds. (Dicosmo and
Towers 1984). Herbicides may cause a decrease or increase
in the content of secondary compounds, for example, 2,4,5-T
increase alkaloid contents of some plants, which is
poisonous (Williams and Cronin 1963), and important in
pasture or rangeland (williams and James 1983). Maleic

hydrazide has been reported to cause a significant decrease
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Table 7. Effect of glyphosate on polyphenol content in the leaves
of Cyperus rotundus, Triticum aestivum, Celosia argentea
and Glycine max

Eolyphenols

Species (g 100 Ler, wt.) Percent increage
IT day X day IT day X day
Control  0.40 0.47 e e

Cyperus rotundus
Sprayed 0.47 0.74 17.50 57.44
Control 1.25 1.12 — -

Triticum aestivum
Sprayed 1.50 1.40 20.00 25.00
Control 1.07 1.12 — ——

Celosia argentea
Sprayed 1.27 1.55 18.69 29.48
Control 0.57 0.60 — -

Glycine max

Sprayed 0.75 0.90 31.57 50.00

Values are mean of three determinations
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in nicotine content of tabacco which is undesirable (Birch
and Vickery 196l1). PAL is the first enzyme in the
production of secondary phenolic compounds whose activity
is roughally correlated with the anthocyanin content.
Hoagland and Duke (1983) observed a significant reduction
in anthocyanin contenl: in soybean hypocotyls exposed to
various herbicides such as atrazine, fenuran, paraquat

propanil, profan, TCA etc.

Glyphosate has been reported to block synthesisof
aromatic amino acids and all phenolic compounds derived
from them such as flavanoids, lignins, cinnamic acids,
flavans. (Hollander and Amrhein, 1980; Saltveit 1988; Canal
et. al. 1987 and Ishikura et. al. 1986). However Duke and
Hoagland (1978) and Duke et. al. (1979) while studying the
effects of glyphosate on metabolism of phenolic compounds
have found that increased 1levels of PAL activity can
inhibit biosynthesis oF aromatic amino acids with increased
synthesis of phenolic compounds. Tﬁey observed stimulation
in PAL activity in both 1light and dark -grown soybean
seedings during glyphosate treatment. Deregulation of
shikimate pathway by c¢lyphosate may result in an increase
in tannins, or protocatechuic acid in certain plants.

(Kakhniashvili et. al. 1989, and Lydon and Duke 1988).

In the present study observed higher levels of

secondary phenolic compounds on the X day after glyphosate

treatment may be attributed to the enhanced protein
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degradation induced by glyphosate which results in an
increased pool of aromatic amino acids. However a further
study regarding the metabolism of phenolic compcunds in

this respect is essential.

3. CARBOHYDRATES

Soluble sugazs and starch content in the plants
under investigation was greately influenced by the sprays
of glyphosate as preserted in Tables 8 and 9. 1In general a
decline in the total sugars and starch was observed in all
the plants on the II as well as X day after treatment (fig.
3 and 4 ). As a consequence the content of reducing
sugars was found increased in all the treated plants as
compared to the control. Soybean and Cypetus exhibited a
marked increase in the reducing sugars on X day as
compared to the II dav after treatment of glyphosate. 1In
wheat and Celosia only a marginal increase in reducing
sugars was observed. Das et. al. (1977), have reported an

increase in reducing and nonreducing sugars with both

alachlor and PMA treatment in corn plants.

Glyphosate is mainly translocated via phloem in
plants, with a small amount transferred from phloem to
xylem. Phloem translocation of glyphosate is also limited
due toe indirect effect on carbon metabolism as
Glyphosate affects carbon fixation through an effect on
RuBP levels and on starch production. (Geiger et. al. 1986;

Servaites et. al. 1937 and Geiger and Bestman 1990).
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Table 8. Effect of glyphosate on soluble sugars and starch in

the leaves of Cyperus rotundus and Triticum aestivum

Parameters Day »
after Cyparus rotundus Triticum gestivum
treat- — - ——
ment Control Sprayed Control Sprayed
Reducing Sugars II 0.40 0.50 0.18 0.19
(g 100;1 fr.wt.) X 0.75 1.00 0.12 0.21
Total Sugars IT 0.82 0.57 0.30 0.23
(g 100-;1 frowt.) X 1.35 1.10 0.35 0.22
Starch II 1.56 0.68 0.60 0.41
(g 100;1 fr.wt.) X 0.79 0.52 10.57 0.30
Total Carbohydrates II 2.38 1.25 0.90 0.64
(47.47) (28.88)
(g 100;1 fruwt.) X 2.14 1.62 0.92 0.52
(24.29) (43.47)

Values in parantheses indicate percent decrease

Values are mean of ithree determinations
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Table 9 Effect of glyphosate on soluble sugars and starch
content in the leaves of Celosia argentea and Glycine

max

Day - Celosic argentea Glycine max

Parameters after

treat- Control Sprayed Control Sprayed

ment
Reducing sugars 11 0.27 0.30 0.52 0.60
(g 10051 fr. wt.) X 0.27 0.34 0.57 0.97
Total sugars II 0.42 0.34 1.00 0.70
(g 100;1 fr.wt) X 0.43 0.35 1.87 1.15
Starch 11 1.67 1.40 1.92 0.63
(g 100;1 frowt) X 1.65 1.05 - 1.21 0.96
Total carbo- ¢ . 1II 2.09 1.74 12.92 1.33
hydrates (16.74) (54.45)
(g 10051 fr.wt) X 2.08 1.40 3.08 2.11

(32.69) (31.49)

Values in parantheses indicate percent decrease

Values are mean of three determinations
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Initially sugars derived from starch, maintain supply of
assimilate for translocation but starch also becomes soon
depleted. Hence the effect of glyphosate may not be

detectable immediately after application.

In the present study a prominent reduction in the
starch content has been observed in all the plants on the X
day after treatmeént., Santakumari and Das (1979) have
reported an oOverall decrease in tOtal carbohydrate content
of four plant species treated with herbicides diuron and
atrazine. They have also correlated increased starch
content in C. rotundus in their study, with the resistance
of the plant towards the herbicides. 1In our study total
carbohydrates in Cyperis decreased by 47% initially and the
content increased with a further recovery on the X day
after treatment. In soybean also total carbohydrate
content increased on the X day as compared to the II day
after treatment. 1In wneat and Celosia a continuous decline
in the total carbohydrate content was observed due to
glyphosate treament. This suggested that Cyperus and
soybean had some mechanism by which they were able to
maintain their sugar 1levels during the herbicidal
treatment. Wheat and Celosia seem to be susceptible to

the action of glyphoszte as far as carbohydrate metabolism

is concerned.

4. SOLUBLE.PROTEINS o
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was found greately affected as evident from Table 10. The
effect was more pronounced on the X day after treatment as
compared to the II day. in most of the plants (Fig.5 ). C.
argentea exhibited a maximum decrease (85%) in protein
content followed by C. rotundus (66.6%). In both the crops,
values of percent decrease 1in proteins were less as

compared to the weeds.

No commercially available herbicides are known
to affect protein synthesis directly, but there are many
reports of apparent indirect effect of herbicide on these
processes (Mann et al. 1965, Moreland et al. 1969; Ashton
et al 1977; Bellinder et al. 1985) Simazine and atrazine
(Wu et al. 1971) and alachlor (Das et. al. 1977) are known
to increase protein content in certain crops and the
increase may be associated with an increased rate of amino
acid formation (Singh and Salunke 1870). Most of the
herbicides affect the major metabolic processes such as
nucleic acid and protein synthesis. However their
relationship with primary mechanism of action has not yet
been discovered. Generally protein synthesis is inhibited
more than RNA synthesis and herbicides that disrupt amino
acid metabolism can affect the protein synthesis. (Devine
et al. 1993). Further the effect of herbicide varies
considerably with the plant species, plant tissue,
environmental conditions and also depends on the

concentration used.
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Table 10 Effect of glyphosate on protein and proline content in

Cyperus rotundus, T'riticum aestivum, Celosia argentea
and Glycine max

Species Proteins Pro%ine
(mg g"l of fr. wt) (g 100" dry wt )
II day X day II day X day
Control 28.00 33.60 - 0.702 0.772

Cyperus rotundus

Sprayed 17.60 11.20 1.053 1.540
(38.88) (66.66)

Control 40.00 42.40 0.351 0.421
Triticum aestivum

Sprayed 21.60 22.40 0.491 0.842
(47.76) (47.16)

Control 37.60 40.00 0.315 0.386
Celosia argentea

Sprayed 24.00 16.00 0.561 0.877
(36.17) (85.00)

Control 40.00 56.80 0.631 0.772
Glycine max
Sprayed 24.00 24.00 1.260 1.750
(40100) (57.74)

Values in parantheses indicate percent decrease

Values are mean of three determinations
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Haderlie (1975), has reported a decrease in
protein level in glyphosate treated soybean plants which
was observed after 30 h and continued upto 90 h. He also
observed decreased protein content in callus cell

suspenssion after 48 h, treated with glyphosate.

Isolated cell studies of Tymonko and Foy (1978) have
indicated that glyphosate inhibits protien synthesis, RNA
synthesis, photosynthesis and respiration. In dark grown
soybean seedlings higha2r concentrations of glyphosate (.1M)
caused a slight decrease in soluble proteins while lower
concentrations did not cause any significant change in
protein level (Hoagland et al. 1979), In the 1light

treated soybean s=edlings glyphosate reduced the amount of

protein per axis after 72 h. (Duke et al. 1979).

Thus there is no clear evidence for the inhibition
of protein synthesis by the glyphosate, however a decrease
in the content of proteins has been reported by few workers
as discussed above. In our study also a profound decrease
in protein level has keen observed especially on the X day
after treatment. Herbicides such as digquat and paraquat
have been shown to act readily on proteins modifying their
structure and function ( Szogyi et al. 1989). Many
herbicides are known tc form conjugates with different cell
constituents such as sugars, amino acids, peptides, lignin
by chemical bonding. Much of the fraction of such

conjugates is insolubhle and can not be extracted by
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.standard extraction procedures. (Devine et al. 1993).
This is quite possible in the present study as the analysis
has been carried out a longer period after the treatment.
Increased degradation of proteins and decreased amino acid

synthesis during herbicidal treatment may also account for

the decline in protein content.

5. FREE PROLINE

Effect of glyphosate on free proline content has
been presented in Table 10. A tremendous increase in
proline level was observed in glyphosate treated plants as
compared to the control plants. The increase was about
100% or more in all the plants studied on the X day after
treatment. As evident from fig.6, in all the control
plants the proline content has increased marginally from
the II to the X day after treatment. Whereas in the
glyphosate treated plants the increase in proline content

is distinct as compared to the control plants.

Accumulation of free proline in plants under any
physiological stress is very common. Proline accumulates
readily in the leaves of many crop plants exposed to water
stress. conditions as observed in wheat (Singh et al.
1973), Sorghum (Blum and Ebercofn 1976}, soybean (Waldren
and Teare 1974), etc. Halophytes growing in saline
conditions also have the proline as the major component of
the amino acid pool (Stewart and Lee 1974). Capacity to

accumulate proline is often correlated with the salt

tolerance of the halophytes.
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Causes of proliine accumulation in its response to
water stress have been discussed by Stewart and Hanson
(1980). According to them proline accumulation may be a
combined or individual effect on the stimulation of its
synthesis, inhibition of its oxidation and impaired protein
synthesis. In wilted plant leaves, synthesis of proline
gets enhanced than in the turgid leaves (Boggess et al.
1976). Membrane damage in the stressed tissue may also
lower down the oxidation of proline taking place in
mitochondria (Nir & Klein 1970 Bell et al. 1971). When
protein synthesis gets affected, the incorporation of all
amino acids into proteins may also be inhibited by water

stress. This may lead to an increase in the amino acids

like proline.

In the pressnt study a loss in turgidity of
the leaves was observed in the glyphosate treated plants.
The wilting observed may be possibly, due to reduced uptake
of water by these plants under the influence of glyphosate.

This was also-evident from reduced water content in the
treated plant leaves (Table 4). Thus the conditions
resembling to those that occur in the plants under water
stress may be created in the plants exposed to glyphosate
treatment, resulting in an elevation in the free proline
content. Enhanced protin degradation observed in all these
plants may also be associated with the rise in amino acid
proline. Duke et al. (1979) have reported a five-fold

increase in proline content in light due to glyphosate.
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According to them proline increases due to general stress

conditions.

6. FREE AMINO ACIDS

Distribution of various protein amino acids in the
plants under study has been represented in Tables 11 and
12. The nc. of total amino acids detected was found
increased in glyphosate treated plants. Specifically the
number was higher for X day after treatment. Plates III,
IV, V, and VI reveal chromatographic representation of
various amino acids in control and glyphosate treated
plants. Chromatograpric analysis clearly indicates that
the turnover of aminc acids has increased on the X day
after treatment in both the weeds and the crops. This is
particularly true in case of soybean and Cyperus, as
indicated by the numker of amino acids detected. Amino
acids tryptophan, phenylalanine, leucine, valine, alanine,
lysine, arginine, etc. were not detected in control plants

but appeared in the trmated plants.

Glyphosate in:errupts the biosynthesis of arofmatic
amino acids by blocking an enzymatic step of shikimate path-
way in plants (Jaworsky 1972). 1Its mechanism of action
has been reviewed by many workers (Kishoreand Shah 1988,
Duke 1988, and Cole 1985). Phenylalanine, tyrosine and
tryptophan are the three aromatic amino acids produced by

shikimate pathway. Inhibition of specific site of amino



aouasqR S2AeDTPUT

W” oouasaad s23eOTPUT +
L 9 L L 6 L L 9 pe3doe3ep
SpTO® OouTwe JO °ON
+ - - - - - + - ueyd o3dAxg
+ + + + + + + + |suTtTodd
- - - - - - - - sutueTe TAuLayd
+ - + - + + - - QUTOAT-T
- - + + - - - - auToONOT~T7
- + + + + + + - SQUTPTIAISTH-T
+ + + - + + + ! aut3siD-1
+ + + + + - - - suTutTbIay-1
+ + - + + + + + SUTOATH
- - - + + + - + UTTeA-Td
- + + + + + + + sutuely~-Td
+ - - - + - + + UTURIY
palkeadg. TOI3UOD padeacs 1013U0D paieads T0I3U0D poieads T0I3UOD
Aep X Aep II Aep X Ap_II spTIo® ouTwy

UMAT3S9E WNOTITILL

SNpuUNj3ox sSnI3adAD

WUnoT3TAL pue snpunjox

ajesoydA1h o3 posodxs WNATISSE

SniodA) JO soAeaT 9UY3l UT SPTOE OUTWE d3IF JO uoT3anqraista -1l

a1qel



poudsqe $93edTPUT

mm soussaaxd SajzvOTPUT +
1T L 6 9 6 8 L 9 po30939p
spToe ouTwe JO °*ON
+ - - - + + + + ueydoadAiag
+ + + + + + + + autioad
+ - + - - - - - autuete~TAUayd
+ + + + - - + - SuTOAT-T
+ - + - + + - F, - autonag-~T
+ + + + + + + + QUIPTISTH~T
- + + + + + - - auT3sAD-1
+ - - - + + + + autusbay-1
+ + + + + + + + QUTOATD
+ - - - + + - - sutieA-1d
+ + + + - - + + autueivy-1d
+ + + - + - - - sutuely
padiexds 103I3U0D paieads T0I3U0D polexds 10I3U0D paiexds TOI3U0D
Aep X Aep II Aep X Aep II sSpToe ouTwy

XeuWl |UTDATD eojuobie BTSOT3D

ajesoydATh o3 pssodxa

Xeu SUTok(D pue eojusbie eTSOTaD JO S2ARST Y3z UT SPIDR OUTWE 3913 JO uoT3INQTIISTIA *ZT ST9BRL



Photoplate III showing

Effect of glyphosate on am.no acid distribution in the leves

of Cyperus rotundus on

A. II day after treatnent

B. X day after treatment
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Photoplate IV showing
Effect of glyphosate on amino acid distribution in the leaves

of Triticum aestivum on

A. II day after treatment

B. X day after treatment
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Photoplate V showing

Effect of glyphosate on amino acid distribution in the

Leaves of Celosia argentea on

A. II day after treatment

B. X day after treatment



Photoplate VI showing
Effect of glyphosate on amino acid distribution in the

leaves of Glycine max on

A. IT day after treatment

B. X day after treatment
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acid synthesis is expected to result in depleted metabolic
pools of certain amino acids, leading to a decrease or
cessation of all processes dependent on amino acids.
Metabolic synthesis o¢f amino acids and the amino acids
stored in the vacuoles of cell,both account for the total
free amino acid pools in the cell. Inhibition of synthesis
of a particular aminc acid can result in an increased
protein turnover which can increase the free amino acid
content. Even the total free pools of amino acids whose
synthesis has been blocked, may also increase due to

metabolic stress (Devine et al. 1993).

Nilsson (1977) observed an increase in tyrosine
and phenylalanine percentage in young T. aestivum plants
exposed to foliar sprays of glyphosate. He also observed
increased percentage of glutamine. Haderlie et al. (1977)
found increased levels of histidine, arginine and glutamic
acid in carrot suspension culture, due to glyphosate
treatment. No significant effect on aromatic amino acid
level was observed by them. In light grown soybean also a
severe reduction in phenylalanine and tyrosine was observed
due to glyphosate by Duke et al. (1979) along with an

increase 1in glutamine, alanine, valine and other amino

acids.

From the alove discussion it 1is clear that
glyphosate causes a reduction in aromatic amino acid

levels. 1In our study the total content of free amino acids
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is not analysed. However absence of phenylalamine in

Cyperus, Celosia and whreat supports the above discussion.

Though tryptohan was detected in glyphosate treated plants
its level may be increased due to enhanced protein turn-

over as discussed earlier.

C. Mineral Constituents

Healthy growtn and development of any plant
depends upon the availability of various O.rganic and
inorganic constituents absorbed from the soil, water and
air. About 16- elements are required for the normal
development of the plant and they are known as essential
elements (Epstein 1972). Out of 16 elements, carbon,
oxygen and hydrogen constitute major weight of the plant.
Remaining 13 elements include the major or macroelements
and the micronutrients or trace elements. The essetial
elements function varicusly as the structural elements or
acts as regulators and carriers in various metabolic
processes in the cell. Some elements also function as
catalysts,cofactors, and activators. All the mineral
elements required by the plants are absorbed mostly from
the soil through the roots. A change in the physical and
biochemical environment of the plant can affect the uptake
of various essential nutrients from the soil. The mineral
content in glyphosate treated plants was analysed with
respect to major nutrients, such as nitrogen, phosphorus,

potossium, calcium, magneium, and iron.



89

1. NITROGEN

Nitrogen content in the crops and the weeds under
study has been presented in Table 13. A general trend of
decrease in nitrogen percentage was observed in the plants
sprayed with glyphosete on both the days of analysis. 1In
both weeds, the nitrogen content was reduced more than half
as compared to the control on II day after treatment., A
further decrease which was more evident in Cyperus than in
Celosia was observed on the X day after treatment.
Glyphosate did not reduce significantaly the amount of
nitrogen in wheat on the II day, however it caused more
than 50% decrease in the X day after treatment. Nitrogen
content in soybean was reduced to less than half, on both

the days after treatment.

Nitrogen is the fourth most abundant element in
plants following, carbon, hydrogen,, oxygen. It is a
constituent of proteins, amino acids, nucleic acids,
chlorophylls and various éo—enzymes. Proteins contain
about 18% Nitrogen. Nitrogen is absorbed by the higher
plants in oxidised form such as nitrate. Nitrate 1is
reduced to ammonia and then assimilated further to form

amino acids and other ~ell constituents.

There are very few reports regarding the effect of
herbicides on the nitrogen contents in the plants. Ravel
and Leela (1976) have reported an increase in nitrogen

level in pineapple leaves undervthe influence of bromacil



86

‘am Kap JO .W.ooa 6 ut possaadxa aIe senieA

Z1°0 0T°0 Zs°1 09°1 00°¢ AN padeads .
Xew sutok1o

¥2°0 81°0 ov € 0T°€ 08°€ 00°Z TOI3IUD
#0° 0 08°0 Sh T s 1 16°2 9T°'1 poieads

eajusbae eTSOTdD
v1°0 91" 0 Z6°1 08°T ov°€ 02 Tox3U0D
01" 0 2170 €L°0 T8°0 81°T 0T°1 poAeads

UNATISOR UNDTITIL
¥1°0 ¥1°0 L1 09°T 05°2 P11 ToT3IUOD
90°0 Z1°0 65°0 09°0 8T 1 20°1 palexds

snpunjox snradAD
r4 1] 8T°0 1 oT°T 0T°€¢ 09°2 TOI3U0D
Aep X Aep II Aep X Aep II Aep X Aep 1I

unIsselod snxoydsoyd usboI3 TN setoads

XeW SUTOATH pue eeojuabie eTSOTd) ‘WUNATISOE WNODTITIAL ‘gnpunjox suIadA)
JO soA®RST 9y3 UT 3us3zuod umrssejod. pue snaoydsoyd ‘ueboxatu.uo ajzesoydA1b 3o 3083FT ¢TI 9TqRL



87
combined with atrazine. The decreased nitrogen content in
our study indicates a reduced uptake of nitrate by the
plants due to glyphosate treatment. Nitrogen metabolism is
discussed further with respect to the enzymes nitrate and

nitrite reductases afterwards.

2. PHOSPHORUS

Phosphorus content in Cyperus and Celosia (Table
13) though was reduced by the glyphosate treatment the
amount did not differr much in control and the treated
plants on both the days of analysis. In wheat and soybean
the decrease in the phosphorus content was about 50% on
both the days of analysis. In Cyperus the decline was less

than 50% whereas in Celogia the content was not much

affected.

Phosphorus is absorbed as dihydrogen phosphate ion
(H2P04) and is one of the three prominent elements which
are absorbed as complex anions. Phosphorus is not reduced
in cell to a lower oxidation state as in case of nitrogen
and sulphur. It plays a key role in energy metabolism in
organic form such as ADP, ATP and sugar phosphates. ATP is
considered as the universal energy currency of 1living
cells. Phosphorus is also a component of nucleic acids and

phospolipids. It regulates many enzymatic and energy

requiring processes.

Niklicek et al. (1983) have studied the effect of

glyphosate on uptake and translocation of labelled

Soad IV o,
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phosphorus in quack grass ( Elytrigia repens ). They

oserved a marked decrease in the quantity of phosphorus
taken up by the test plant. In the present investigation
also glyphosate has affected the phosphorus content is both

the crops and weeds.
3. POTASSIUM

Potassium content alsov decreased in all plants
treated with glyphosatz and the effect was more evident on
the X day after treatment in most of the plants. 1In both
the weeds and soybean the content of potassium was reduced
to about one half to one third as compared to the untreated
plants. In wheat, only a marginal decline was noticed on

the II and X day after treatment.

Potassium is the only monovalent cation essential
for all higher plants. The principle role of the potassium
is an activator of numerous enzymes. It is also involved
in ion transport through its role in ATPase activity.
Translocation of sugar is closely linked to potassium. It
has an osmoregulatory function which helps to prevent loss
of water from the «cell wunder stressed conditions.
Potassium along with ATP and ATPase interacts in the opening
of stomata. Higher concentration of potassium is observed

in the guard cells of opened stomata than in the closed

ones.

In a few studies K-uptake has been shown to be
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affected by herbicidal treatments. A strong inhibition of
potassium uptake was okserved in maize root segments after
12 h pretreatment with chlorsulfuron (Marina and Giardina,
1984). Atrazine also inhibited potassium uptake efficiency
in excised roots of maize (Giardina et al. 1983).
According to Duke (1986), Demos et al. (1975) and
Glass (1974), phenolic compounds can inhibit “potassium
uptake and many other physiological processes. The
inhibition of potassium uptake observed in the present
study may be due to increased levels of phenolic compounds

by glyphosate treatment.

4, CALCIUM
Effect of glyphosate on calcium content has been

depicted in Table 14. Glyphosate treatment increased

calcium content in Cyperus, Celosia and soybean on both

the days after treatment by only about 10% or less. (in
Celosia 20%). In wheat accumulation of calcium was higher
as compared to the other plants. Maximum concentration of

Ca was observed on X day after treatment in wheat which

exhibited a 54% increaseco.

Calcium acts as a structural component in
different forms in different types of plants. 1In the plant
cell wall it is present as a calcium pectate. It provides
mechanical strength to the tissue. .Calcium also plays an
important role in membrane integrity and ion regulation,
influencing the selectivity of the ion uptake. Calcium

ions are required for the activity of enzymed-amylase from
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higher plants. In leguminous plants more calcium 1is

reguired for nodulation.

Glyphosate has been reported to reduce the uptake
and translocation of calcium in a few studies (Duke et al.
1983 and Niklicek et al. 1983). The increase in calcium
content observed in our study may be due to its
accumulation in mature parts. 1In case of wheat Ca-content,
increased on the II day and remained more or less constant
thereafter.. This suggests that in wheat, calcium

translocation 1is greately affected as compared to other

plants.
5. MAGNESIUM

An overall decrease 1in magnesium content was
observed in all the planfs sprayed with glyphosate. In
Cyperus and Celosia, magnesium content was reduced to less
than half when compared with the control values on the II
as well as X day after treatment. The effect of glyphosate
was evident from the II day with a marginal change in the
content thereafter. The crops wheat and soybean were found
more sensitive to the treatment of glyphosate as compared
to the weeds. In wheat magnesium content was reduced to
one third on the II day and then to one fourth on the X day
after treatment. 1In soykean the decline was prominent on

the X day after treatment showing about 25% reduction in

the magnesium content.



92

Magnesium is important constituent of chlorophylls
which contains an atom of megnesium in their structure.
Magnesium is associated with many plant proteins and also
required for the ribosomal integrity. As a cofactor, it is
involved in all phosptorylation reactions. Deficiency of

magnesium affects severely the synthesis of chlorophylls

followed by a decrease in photosynthesis. Biosynthetic
pathway get disturbed as a result of inibition of
transphosphorylation reactions during magnesium
deficiency.

Reports regarding the influence of herbicide on
the uptake and concentration of magnesium were not
available. Our results indicated that glyphosate severely
affects the magnesium content in both the dicotyledoneus
and monocotyledonous plants. These results are suported by

the reduced content of total chlorophylls in the treated

plants.

6. IRON

e———

Iron content in the plants treated with glyphosate
increased on both the days of analysis as presented in
Table 14. 1In the weecs Cyperus and Celosia the increase
was noticeable on the X day as compared to the II day after
treatment. 1In soybean also the amount of iron enhanced on
both the days after treatment as compared to the control

plants. 1In wheat the effect of glyphosate appeared later,
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on the X day showing an increase in the content.

Iron functions as a structural component and also
cofactor for many enzymatic reactions. Oxidation reduction
reaction§ are commonly associated with iron containing
system, as it can accept or donate electrons according to
oxidation potential of the reactant. Iron has a specific
role in chlorophyll synthesis also. In onicn seedlings
treated with propachlor an increase in iron content has
been observed (Pospisilova and Janyska 1980). However they
have not commented on the chlorophyll content. Increased
iron content observed in the present study is somewhat
confusing as a decline in chlorophyll content has been
observed in all the plants treated with glyphosate. A

further probe regarding the iron accumulation is necessary.

Overall mineral budget in various plants under study
has been well demonstrated in fige7 and 8. In Cyperus
rotundus (fig.7 'a') nitrogen, phosphorus, potassium and
magnesium decreased wiile iron content increased due to
glyphosate treatment. A marginal increase in calcium
content on both the days after treatment was also observed.

In Triticum aestivum (fig.7'b') decrease in nitrogen

content and increase in calcium content was prominent on
the X day after glyphosate treatment. One interesting
feature was that, in —this plant iron content was very low
initially in both the control as well as sprayed plants but

it increased notabally in the gyphasate treated plants.
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The total content of nitrogen, magnesium, potassium was
less in the crop as compared to the weed in control as well

as treated plants, particularly during the initial phase of

treatment.

In both the cicotyledonous plants studied calcium
content was higher and increased slightly in Celosia and
markedly is soybean due to herbicidal treatment (fig.8 a
and b). A sharp decrease in magnesium on X day was also
noteworthy in case of soybean. Nitrogen, phosphorus, and
potassium also exhibited a prominent decline in soybean as

compared to Celosia.

Thus glyphosate eaused a change in mineral content
in all the plants. Scybean appeared to be very sensitive
to the glyphosate treatment. Wheat showed a moderate
sensitivity to the herbicide., Celosia was also moderately

sensitive to the treatment and (Yperus exhibited a degree

of resistance to the herbicidal treatment.

D. Enzymes

Metabolic prccesses are closely associated with
various enzymes involved therein. Effect of glyphosate on
some hydrolytic and other enzymes was analysed in the weeds
and crops selected for the present study. Results are

discussed in the following pages.
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1. HYDROLYTIC ENZYMES

Activities of some hydrolytic enzymes in the
leaves of glyphosate treated and control plants have been

demonstrated in Table 15. 1In Cyperus, Celosia and soybean

-amylase activity enhanced due.to glyphosate on both the
days of analysis. The increase observed was about twice as
compared to the activity represented by the untreated
plants. In wheat amvlase activity was more influenced
showing aout a 4-5 fcld increase in the activity in the

treated plants on both the days after treatment.

Glyphosate also influenced greately the enzyme
protease in different plants. Mostly a two fold rise in

protease activity was observed in Cyperus, Celosia, wheat

and soybean on both the days after glyphosate treatment.
In control plants the enzyme level exhibited a slight
increase from the II to the X day whereas in plants treated

with glyphosate the rise in the enzyme activity was more

prominent.

Table 15 also depicts the effect of glyphosate on
acid phosphatase activity in crops and weeds taken for
study. An overall increase in the enzyme activity was
observed in all the treated plants, due to glyphosate
treatment, the response being different with respect to the
plant. Maximum level of enzyme activity was detected in
wheat followed by Celosia for the X day after treatment.

In both these plants about 4-6 fold increase in the enzyme
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activity was recordsad. In Cyperus , acid phosphatase
activity was enhanced three times as compared to the
control on both the days of analysis. Enzyme activity in
soybean increased twice as compared to the control and then

reduced on X day of analysis.

Hydrolytic enzymes are present mostly in the
lysosomes of plant cell. Which are broken down during
stress condition releasing +these enzymes. (silva 1976).
These enzymes catalyse, hydrolysis of cell metabolites
like, ¢tarch, proteins and phosphate esters. Available
literature regarding the Tnerbicidal influence on the
behaviour of these enzymes 1is scanty. Saeed and Duke
(1990) have reported large increase in certain amylases in
pea seedlings due to norflurozon-induced bleaching. As
'—~amylase catalises random hydrolysis of 1-4 glucosidic
linkages in both the starch components, a decrease in
starch level accompamied with an increase in the reducing
sugars has been recorded 1in glyphosate treated plants
(Table 8 and 9). Thus the degradation of starch can be
correlated with the ircreased -amylase activities in the

glyphosate treated plants.

Protease activity reflects the breakdown of
proteins by the enzyme, B remarkable decrease in protein
content has been recorded in our study (Table 10) which
may be associated with the increased activity of protease

due to glyphosate treatment. Similarly activity of acid
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phosphatase was also stimulated by the glyphosate treatment
in the present study. The treatment of herbicide
glyphosate might have imposed a general stress causing an

increase in the levels of hydrolytic enzymes.

2. NITRATE REDUCTASE AND NITRITE REDUCTASE

Influence of glyphosate on the activity of"
nitrate reductase and ritrite reductase in various plants
has been presented in Table 16. The levels of both these
enzymes of nitrogen metabolism were found affected due to
the herbicidal treatment. In the untreated plants the
activity of NR was maintained more or less to the same

level on the II as well as X day in Cyperus, Celosia and

soybean and in wheat it was slightly reduced. Whereas a
marked decrease in the enzyme activity was observed in all
the plants treated with glyphosate. The reduction was more
than half for the II day after treatment in case of wheat,
soybean and Celosia. The enzyme activity declined further
to one third in these plants on the X day after treatment.
In Cyperus a one third and one fourth reduction was

detected in NR activity respectively on II and X day of

analysis.

Glyphosate also inhibited NIR activity in all the
treated plants, the effect being more visible on the X day
after treatment. In wheat, soybean and Celosia, the NIR
activity was less affec:2d on the II day as compared to the

Cyperus where the activity was réduced . on X day. In
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Table 16 Effect of glyphosate on nitrate and nitrite reductase

activities in the leaves of Cyperus rotundus, Triticum

aestivum, Celosia argentea and Glycine max

Nitrate reductase Nitrite reductase

Species (ug of NO, formed (ug of NO, reduced
hr—lg-lfr.wt.) hr'lg“lfr.wt.)
IT day X day . II day X day
Control 25.075 26.550 545.75 472.00
Cyperus rotundus
Sprayed 7.375 5.900 265.50 177.00
Control 23.600 18.437 501.50 324.50
Triticum aestivum
Sprayed 13.275 5.162 354.00 147.50
Control 25.812 23.600 560.50 531.00
Celosia argentea
Sprayed 11.800 7.375 324.50 206.50
Control 28.025 26.550 767.00 472.00
Glycine max
Sprayed 11.062 7.375 442 .50 118.00

Values are mean of three determinations
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soybean a maximum decrease 1in the enzyme activity was
observed on the X day when the enzyme activity was found
almost one fourth as compared to the control. In Cyperus
about one third reduction whereas in wheat and Celosia more

than one half decrease in the activity was recorded on the

X day of analysis.

Nitrate reductase is the important enzyme for
incorporation of Nitrate into amino acids. The enzyme is a
molybdoflavoprotein and requires energy in the form of NADH
or NADPH for its activity. Many external and internal
factors such as the content of nitrate, availability of
reducing power etc. affect the NR activity. During water
stress NR activity gets reduced with an increase in the
nitrate levels in leaf tissue  (Ray and Sisson 1986).
Irena and Duczek (1984) have studied the influence of
simazine on nitrate Jptake and NR activity in wheat
seedlings. They found that simazine reduces nitrate uptake
and the activity of NR. Munoz-Rueda et al. (1986) have
also reported a reduction in NR and NIR activity in

Medicago sativa and Trifolium pratense subjected to various

glyphosate concentrations.

Our results also indicate the same influence of
glyphosate on various weeds and crops studied. A decline
in the nitrogen content has already reported in these
plants (Table 13) indicating a reduced uptake of nitrate
due to the herbicidal treatment. A decline in the

substrate levelcan affect the NR activity in the glyphosate

GARR. BALASAREB KBARDERAR LIBRAET

QIVAIL UNIVERSITY ¢y o pm
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treated plants as compared to the untreated ones. As NR
activity is inhibited, the amount of NO2 produced is also

decreased thereby causing a reduction in NIR activity.

Nitrate reductase is chloroplastic enzyme and is
dependent on photosynthetic electron transfer for
ferredoxin which is used as a reductant. Inhibitors of
photosynthetic electron transport therefore can stop or
reduce the reduction of nitrite to ammonium ion causing
toxic accumulation of their levels. Herbicides which
inhibit photosynthetic process cause a rapid accumulation
of nitrate via this mechanism (Klepper 1988, 1974, 1975,
1976; Fedtke 1977). None of the herbicides has been
reported to have significant direct effect on nitrate
reductase. However they indirectly  affect and inhibit
photosynthesis through secondary effect and cause nitrate
accumulation as tertiary effect. Thiobencarb has been
known to cause nitrite accumulation in Barnyard grass

(Echinochloa sp. ) 1leaves which is associated with

inhibition of photosynthesis followed by a decline in

nitrite reductase activity. (Prakash et al. 1989).

Inhibition of carotenoid synthesis generally
causes a complete absence or los; of extractable nitrate
reductases. (Deane-Drummond and Johnson 1980; Schuster et
al. 1988). Gluphosinate has also been reported to inhibit
nitrate reductase by inhibiting uptake of nitrate (Trogisch
et al. 1989). Uptake oI nitrate as well as other anions is

inhibited due to direct depolarisation of the plasmalemma

]
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and to the accumulation of ammonium ion which results in
inhibition of NIR activity. This was observed by Lacuesta
et al. (1990) in gluphosinate treated alfalfa.According to
Munoz-Rueda et al. (1986) decreased transpiration caused
by herbicide can limit nitrate uptake and ultimately can

reduce nitrate induced nitrate reductase.

In the presen: study reduced transpiration rate,
decreased carotenoid synthesis caused by glyphosate
treatment might have redluced the nitrate uptake and also NR
and NIR enzyme . levels. Thus the herbicide seems to affect
the overall nitrogen matabolism, in the crops as well as
weeds selected for the study. The results also indicate

susceptible nature of soybean to the herbicidal treatment.

3. POLYPHENOL '@XIDASE AND JAA OXIDASE

Effect of glyphosate on the €xidising enzymes has
been presented 1in Table 17. Glyphosate stimulated the
activity of polyphenol oxidase as observed on both the days
of analysis. A maximum increase in the activity was
exhibited by soybean two and half times when comparéd with
control plants. 1In Cyperus a twd fold rise on the II day
after treatment was observed which was slightly decreased
on the X day. In wheat and Celosia the rate of enhancement
of enzyme activity was more or less equal and it was lower

as compared to soybean and Cyperus.

Polyphenol oxidase 1is localised on thylakoid of

chloroplast and in vesicles of other bodies in non green



Table 17 Effect of glyphosate on polyphenol oxidase and IAA

oxidase activities in the leaves of Cyperus rotundus,
Triticum aestivum, Celosia argentea and Glycine max

105

Polyphenol oxidase

IAA oxidase

Species (AoD hr! (mg of IAA broken
g’1 fr.owt.) down hr'lg"1 fr.owt.)

IT day X day IT day X day
Control 0.100 0.166 25.00 30.00

Cyperus rotundus
Sprayed 0.200 0.266 45,00 82.50
Control 0.133 0.133 17.50 20.00

Triticum aestivum
Sprayed 0.166 0.200 45.00 62.50
Control 0.133 0.166 15.00 15.00

Celosia argentea
Sprayed 0.200 0.233 77 .50 82.50
Control 0.100 0.133 22.50 22.50

Glycine max

Sprayed 0.266 0.333 57.50 75.00

Values are mean of three determinations
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plastids (Vaughn ancd Duke 1988). According to Butt
(1985) oxygenases are involved in the hydroxylation of many
phenolic compounds in higher plants. As PPO enzymatically
carries out many of these reactions in vitro it has been
assumed that it was involved in synthesis of these
compounds in vitro A correlation between the presence of
high levels of phenolic compounds and PPO or low levels of
phenolic compounds and no PPO may be observed. (Kogima and
conn 1982, Vaughn and Duke 1981, Baja] et al. 1985).
These correlations howewver do not always exhist as reported
byhféller and Beckman (1978). 1In our results a high total
polyphenol content has been recorded during the glyphosate
treatment in various plants (Table 7) which can be
positively correlated with a high PPO in these plants. 1In
the untreated plants both the polyphenol content and the
enzyme are lower than in the glyphosate treated plants.
This suggests a stimulation in the PPO activity in the

plants sprayed by glyphosate.

The effect of glyphosate on the synthesis of
secondary compounds such as phenols, are well studied.
However reports regarding PPO activity and its correlation
with phenolics has not reported. Secondary phenolic
compounds in developing tissues increase usually in the
light (Creasy and Zucker 1974) and this increase is always
accompanied by an increased PAL activity (Duke and Naylor

1974, 1976). Further glvphosate has been shown to stimulate

- PAL activity in 1light and dark grown soybean seelin
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(Duke et al. 1979 and Hoagland et al. 1979). Thus

glyphosate affects significantly the secondary metabolism

of the plants, oOur results support these findings.

Enzyme activities of IAA oxidase in the various
glyphosate-treated and untreated plants have been depicted
in Table 17. Glyphosate induced an increase in this enzyme
in both the weeds and the crop plants analysed on the II
and X day'after treatment. In Celosia IAA metabolism was
maximum as indicated by about five-fold increase in IAA
exidase activity over the control. In soybean and wheat
metabolic degradation of IAA as represented by the enzyme
was at a medium level as compared to other plants. Cyperus
exhibited the least stimulation in the oxidase activity by

glyphosate treatment.

Glyphosate though acts by disrrupting shikimate
pathway it is known to cause some influence on harmonal
level in the plants also. In rapidly translocated
herbicides disrruption of apical dominance occures at
subletﬁél doses of herkicides (Parkar 1975, Lee 1984).
Glyphosate has been reported to increase the IAA content in

Cyperus esculentus (Canal et al. 1987). In soybean and pea

it reduced free levels of indogenous IAA (Lee 1984).
Increased metabolism of IAA in glyphosate treated tissues
has been attributed to changes in IAA oxidase due to altered
phenolic content (Lee 1984, 1982 ) ). Further IAA oxidase

activity can be inhibited or stimulated by different
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phenolic compounds and in vitro activity will be influenced
by many phenolic compounds. (Lee et al. 1982, Grambow and
Langenbeck~Schwich 1982). A positive correlation among the
plamts has been reported by Lee and Dumus (1985) between
rates of IAA metabolism in untreated tissue and
tolerance to glyphosate. According to the authors the
plants having high rates of IAA metabolism might be less
dependent on IAA and thus less affected by reduction in IAA
caused by glyphosate. Glyphosate has also been reported to
influence conjugation of IAA in the treated tissues (Lee
1982b, Lee et al. 1983). Thus absolute and relative rates
of IAA oxidase, IAA conjugation activities and the content
and type of phenolic compounds, all these may have an
effect on IAA levels in the glyphosate treated plants which

is complex and sometimes conflicting also.

Our results indicate an increased metabolism of
IAA in glyphosate treated plants than in untreated plants.
Further increased levels of both oxidases in soybean are

suggestive of sensitive nature to the herbicidal treatment.

E. Residual analysis of glyphosate

The residual content of glyphosate in various
crop and weed plants was analysed after II and X day after
the treatment. The Ieaf material was harvested on the
respective days and extracted 1in acetonitrile for TLC

analysis. The results are demonstrated in plates VII and

VIII.



Photoplate VII showing

Residual analysis of glyphosate in the leaves of

1. Cyperus rotundus

2. Triticum aestivum
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Photoplate VIII showing

Residual analysis of glyphosate in the leaves of

3. Celosia argentea

4. Glycine max
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In all the treated plants the residue of
glyphosate was detected on TLC plates for both the II as
well as X da§ after treatment. The Rf values recorded for
the residual bands observed on the II day of analysis were
found very close to th= standard Rf values of glyphosate.
This was noticed in all the glyphosate treated plants. The
residual analysis of X day also revealed the presence of
the herbicide, however the Rf values were much 1less as
compared to those of standard glyphosate. The lower RE
values suggest a decressed rate of migration of glyphosate
residue over the TLC plates.v This may be due to
modification or change in the herbicidal structure caused
by the plant itself. The persistance of residue was

clearly visible even ten days after the treatment of

glyphosate.

The phosphate bond present in the glyphosate is
of the phosphonate type and can not be easily split up by
hydrolysing enzymatic reactions. Therefore metabolic
degradation of glyphosate by most of the higher plants does
not take place or is very slow (Duke 1988). Several soil
micro-organisms have been reported to degrade and wuse
glyphosate as a sole phLosphorus source (Moore et al. 1983,
Kishore and Jacob 1987, Jacobet al. 1988). In Equisetum

sp. glyphosate is metabolised to AMP (Marshallet al. 1987).

However in higher fplants metabolic degradation of

glyphosate is not possible.
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The metabolism of herbicides in plants determines
the herbicidal selectivity among weed and crop plants.
Generally a crop plant or a tolerant weed can detoxify thé
merbicide at a faster rate to avoid its accumulation to
ohytotoxic levels in the tissue; This process involves

removal of the herbicide by conjugation, detoxification,

deposition etc.

Our results of residual analysis clearly
indicate an accumulation of herbicide even on the X day
after treatment in both the crops and weeds studied. The
amount of herbicide left over may be different in the crops
and weeds and requires a quantitative analysis of the
residue. But it has negatively influenced the growth and

metabolism in all the plamt$ irrespective of the crop or the

weed.

Thus glyphosate was found to persist in crops and
weeds)affecting contents of various cell constituents and
metabolic processes as discussed earlier. The degree of
tolerance varied in the crops and weeds. Soybean being
more susceptible as compared to wheat. Cyperus exhibited
some degree of tolerance and Celosia was less sensitive

than soybean to the herbicidal treatment.



