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Summary

The side-effect of cerrain organophosphorus insecticides on some biochemical aspects of cabbage plancs
was studied. At growch period of 2 months, the field-grown piancs were treated with the pesticides
malathion, pirimiphos-methyl and prothiofos. The investigated insecticides were used at the recom-
mended doses and sprays were repeated three times at intervals of 1 month. After each spray, rando-
mized samples were taken after 0, 1 and 2 weeks of application and biochemically analyzed. The ob-
tained resules could be summarized as follows:

Chlorophyll analysis showed no significant variation after the first application. While concinuous
reducrion was recorded after the second and third trearmenr,

Sugars and carbohydrate contents were depleted in the ereated cabbage leaves after the conseguent
application with the studied pesticidal chemicals. Malachion induced the maximum decline followed
by prothiofos and pirimiphos-methyl.

Free amino acids exhibited different responses as far as the individual impacr of the used chemicals
was considered. Total proteins content showed an increase after the first application in response to
both malathion and prothiofos. However, all the used pesticides decreased protein contents of the
treated cabbage leaves after the second and third application.

Elemencal analysis revealed that N was declined afier the second and third spray in particular as a
function of the sprayed materials, On the other hand, P content was enhanced in the treated cabbage
leaves in response to all the studied pesticides. K recorded no fixed trend after the different application
with respect to the influence of the individual chemicals.

Key words:  Malathion; pirimiphos-methyl; prothiofos; cabbage; chlorophyll; sugars; free amino acids;
proteing; NPK

Zusammenfassung

Die Nebenwirkungen bestimmter Organophosphor-Insekrizide auf cinige biochemische Inhaltsstoffe
von Kohlpflanzen wurden untersucht. Nach einer Wachstumsperiode von 2 Monaten wurden die
Freilandpflanzen mis der Insckriziden Malathion, Pirimiphos-methyl und Prothiofos in den empfoh-
lenen Aufwandmengen dreimal in Intervallen von je 1 Monat behandelt. Nach jeder Spriczung wur-
den randomisierte Proben 0, 1 und 2 Wochen nach Applikation entnommen und biochemisch unter-
sucht. Die Ergebnisse kénnen wie folgr zusammengefalc werden:

Die Chlorophyllanalyse zeigte nach der ersten Applikation keine signifikanten Verinderungen, withrend
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betrachtet wurden. Der Gesamtproteingehalt nahm nach der ersten Applikation von Malachien und
Prothiofos zu. Alle eingesetzien [nsekrizide verminderten jedoch den Prateingehalt in den behandel-
ten Kohlbkirern nach der zweiten und dritten Applikation.

Die Analyse der Elemence lieR eine Abnahme von N nach der zweiten und dritten Anwendung
erkennen, besonders in Abhingigkeit von den gespritzten Verbindungen. Andererseits erhhte sich
der P-Gehairt in den behandelten Kohlbfircern als Reaktion auF alle drei Insekrizidanwendungen. Bes
Kalium war kein fester Trend nach Applikarion der cinzelnen Insckiizide erkennbar.

Stichwérter: Malachion; Pirimiphos-methyl; Prothiofos; Kohl; Chlorophyll; Zucker; freie Amino-
siuren; Protein; NPK

1 Introduction

Current trends in population dictate intensified agricultural practices with concomitant growing use
of agrochemicals, particularly in developing countries. Increased use of pesticides has greatly aided
crops productivity, decreased losses of stored grains and has generally improved man’s welfare. Because
of their purpose, pesticides are intencionally toxic. Ideally, these chemicals should be poisoneus only to
target pest organisms; however, such as ideal is almost never fully acrained. Thus, we must accept and
dread with the unavoidable circumstance that the intsoduction of pesticides into the environment
always carries wich it some risk of unforeseen toxic consequences ro non-target species.

In some cases, the utilization of pesticides (especially as foliar application) was found to be corre-
ated with the appearance of some roxic symptoms and hazardous effects on plant growth. These im-
pacts range from nearly inhibiring growth to gross morphological aberrations for the entire plant or
only altered particular organs. Pesticides have been shown to alter cell division, cell enlargement and
tissae differentiation as well as cause cellular and tissue deterioration. Consequently, these changes
usually reveal growth inhibitors, epinasty, formative effects, albinism and reduced cuticle formation
(Van Anper et al. {1976), Aserron and Crarrs {1981), ANBUDURAI et al. (1986). On the ocher hand,
leaf chlorosis followed by necrosis is a common response of plants treated with photosynthesis-inhibit-
ing pesticides. Ultrastructural examination of these leaves usualy reveals abnormal and degenerating
chlosoplasts as well as deteriorating cellular membranes as mentioned by Morrop (1976), AbHYA et
al. {1981) and Moorray et al. {1992). Naturally, such impacts should be atributed to some physi-
ological and biochemical disturbances in response to the pesticides application. Thae would urgencly
call for further studies regarding che effec of pesticide residues on plant metabolism. Surely, such
studies will be valuable to recognize the problem of the side-effect of the pesticides on plant. This work
was aimed to study the biochemical aspects of the insecticides malathion, pirimiphos-methyl and pro-
thiofos applied to cabbage plants when used at the recommended doses.

2  Materials and methods
2.1 Insecticides

Malathion: $-[1,2-bis-{ethoxycarbonyl)-ethyl]-0,0-dimethyl phosphorodithioate (E. C. formularion
Carbofos, 57 % a.i., at 1 lirer/feddan).

Pirimiphos-methyl: 0-[2-(diethylamino)-6-methyl-pyrimidin-4-y{]-0,0-dimethyl phospherothioate (E.
C. formulation Actellic 50 % a.i., ac 1.2 liter/feddan).

Prothiofos: 0-2,4-dichlorophenyl-0-cthyl-S-propyl-phosphorodithioare (E. C. formalation Tokurhion
50 % a.i., at 1.5 liter/feddan).

2.2 Cabbage plants

Cabbage seedlings were transplanted in field plots of 3 x 3 m area. After a growth period of 2 months,
the experimental plots {containing around 25 plants) were treared with the individual insecricides as
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mentioned above, For each pesticide, three plots were distributed in random in addition ta the unsprayed
control plots. Spraying was repeated three rimes at intervals of one month.

After each spray, randomized plant samples were taken 0, 1 and 2 weeks after of rthe applicacion
pesticides. The outer leaves were used to study the biochemical changes as affecred by the applied
pesticides.

2.3 Chemical analysis

Chlorophyll content of cabbage leaves as derermined in the ethanolic exerace using the method of
WinTERMANS and Mors (1965).

Total carbohydrates were hydrolyzed using 0,5 mol/] H,SO; in sealed cubes at 100 °C for 24 h.
Total soluble sugars were exteacred by 80 % ethanol for 6 h. Total carbohydrates and sugars were
determined using the method described by Dusois et al, {1956). reducing sugars were determined in
the ethanolic extract using the A. 0. A. ¢. method (1985).

Toral free amino acids were estimated in the ethanolic extract using the method of Do eral. (1981).
Total N and crude protein were estimated using the usual micro-Kjeldahi method (a. 0. . ¢. 1985).

P was determined according to CHapMaN and Pratr (1961). K was determined in the digestion
extract using Flame Phoromerer.

3 Resulis and Discussion
3.1 Chlorophyll contents

Data presented in Table | demonstrate the effect of the studied organophosphorus insecticides on
chlorophyt content under the different consequent applications. Generally, there was no significanc
differences with regard to the used pesticides on chlorophyll *a”, chlorophyll “b” and consequently

Table 1. Effect of some organophosphorus pesticides on chlorophyl! content {mg/g d.wt.) of cabbage leaves
Tab. 1. Wirkung ciniger Organophosphor-Insckrizide auf den Chlorophyllgehale {mg/g Tr.5.) in Kohlblittern

Pesticide Firsc spray Second spray Thied spray

Weeks after application

Zero One Two Mean  Zero One Two Mean  Zero One  Two Mean

Chlorophyll “a”
Cantrol 820 652 561 678 647 592 365 601 469 422 442 444
Malachion 820 678 G689 729 558 497 462 489 392 366 318 359
Prothiofes 820 704 750 758 502 426 432 453 397 385 366 383
Pirimiphos- 820 548 727 698 567 532 445 915 399 376 346 374
methyl ‘

Chlorophyll “p" Co
Control 294 218 166 226 271 236 205 237 1.86 171  ZiL 189
Malazhion 294 287 206 262 234 175 221 210 1,39, 142 1.27 136
Prothiofos 294 269 236 266 239 156 204 200 .26 134 L3t 130
Pirimiphos- 294 1.89 229 237 152 230 1.65 1.82 151 1.62 136 150
methyl

‘Total Chlorophylt
Control 11.14 870 7.27 9.04 918 828 770 8.38 6.55 593 653 633
Malathion 1104 965 895 991 792 622 683 699 531  5.08 445 495
Prathiofos 11.14 973 986 1024 741 582 636 639 523 519 497 513
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changes included slight increases especially with plants treated with prochiofos and malathion.

Resulrs of the second spray clearly demonstrate that there was noticeable decline in chlorophyli
content as far as the different pesticides were concerned. In this consideration, the declines in chloro-
phyll “a” and total chlorophyll were more pronounced for plants treated with prothiofos rather than
those treated with malachion or pirimiphos-methyl as compared with the untreated plants. On the
other side, data of chlorophyll “b” revealed that pirimiphos-methy! produced the lowest values as com-
pared witl the other pesticides. In general, the magnitude of reduction in rotai chlorophyll content
was 16.6, 22.1 and 16.8 % in plants sprayed with malathion, prothicfos and pirimiphos-methyl, re-
spectively, as compared with the corresponding conrrols.

The third application of the used pesticides on cabbage plants resulted in further degradarion in its
chlorophyli content. However, the studied pesticides showed different magnitudes in relation to their
capacity to reduce the pigment contents in plant leaves. The lowest values in chlorophyil "a” were
recorded in plants treated with malathion followed by those treated with pirimiphos-methyl and pro-
thiofos. On the other hand, readings of chlorophyll “b” showed that prothiofos induced the maximum
redusction racher than malachion or pirimiphos-methyl. However, the values of ol chlorophyll con-
tent showed the following trend: malathion < prothiofos < pirimiphos-methyl. In this regard, total
chlorophytl content was found to be 78.2, 81.1 and 82,8 % as that of control with respect to plants
created with malathion, prothiofos and pirimiphos-merhyl, respectively.

In most cases, however, the chlorophyl content of samples harvested 2 weeks later after the pesti-
cides application was lower than those of 1 week sampling date.

Previous investigations revealed that the effect of organophosphorus insccticides on chlorophyll is
variable, this is acceprable in view to the structural variability of these compounds and the plancs under
study, BLagonravova and Kaorcusnko (1973) observed that parathion-methyl or fenitrothion in-
creased leaf chlorophyll content of apples, while dichlorophon exhibited less effect. Hassan cral. (1978)
repotted reductions in chlorophyll of cotron plant leaves under stress of some organophosphorus insecri-
cides. Arrr1 and Ei-Bavrar (1982), reporced that Sumithion and Dursban eaused most significant re-
ductions in chlorophyll compared wich dimethoate, Gardona and Tamaron on thee varicties of broad
beans. Fars (1988), concluded thar prothiofos increased significantly foliar chlorophyll in Navel oranges,
while the same roxicant and malachion faifed to induce any significant effect in Baladi oranges. Thus, it
may be inferred thae chlorophylt content may be affected either my increase or decrease as a result of
organophosphorus compound application. The effect is dependent on the toxicant applied, the plang
used and the growth stage which may be of significance and deserves some detailed studies.

3.2 Sugars and carbohydrates content

Generally, reducing sugars were depleted in cabbage plant leaves when treated with the different insec-
ticides. However, this reduction was dependant on the individual pesticide and the sampling date
under the different frequencies of application. Malathion exhibited the lowest values in reducing sug-
ars followed by pirimiphos-methyl and prothiofos after the first and second application. However, the
maximum decline in reducing sugars content of cabbage plant after the third spray was exerted by
prothiofos foflowed by malathion and pirimiphos-methyl. The magnitude of decline as a function of
application with malashion (for example) was 16.1, 28.1 and 24.8 % with respect to the first, second
and third application, respectively.

More or less similar trends could be observed concerning the total soluble sugars content as infla-
enced by the tested pesticides (Table 2). In this consideration, 2ll the applied inscericides induced
deptetion in total soluble sugars content, however, the magnicude of this decline was greatly dependent
on the individual toxicant and the frequency of application. Malathion exhibited the most pronounced
reduction rather than prothiofos or pirimiphos-methyl. In this connection, the decline percent in toral
soluble sugars after the third application was 24.3, 8.1 and 5.8 % for malathion, prothiofos and piri-
miphos-methyl, respectively, as compared with the unsprayed control. On the other hand, no regular
trend in she depletion of roral soluble sugars could be observed as far as the frequency of pesticide
application was concerned. For example, the magnitude of reduction as influenced by prothiofos was
7.6, 6.0 and 8.1 % after the first, second and third spray, respectively. Such fluctuation may be aserib-
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ured to plant growth stages which affect she physiological status and in turn affecr the plane response
for any external factor.

Data of total carbohydrates coneent showed similar results as those noticed for reducing and rotal
sugars content (Table 2). Treating cabbage plants with the investigated organophospherus insecticides
induced 2 depressant effece on total carbohydrates content. Again, malathion was the most effective
chemical in the reduction of toral carbohydrates content as it exerted a decline of 13.2, 29.7 and
15.6 % with regard to the first, second and third spray, respectively. On the other side, either pirimi-
phos-methyl or prothiofos exhibired less impressive effect on total carbohydrates content as compared
with malachion. Generally, the divessity showed berween the individual insecticides with concern to
their impact on sugars and carbohydrates contenr is expected and mighr be due to the mode of action
and the capability of such agrochemicals to affect plant metabotism.

The obtained decline in sugars and carbohydrates content as induced by the applied pesticides might
be ateributed to a disturbance in carbohydrate synthesis due to the toxic impact of such pollutant on the
enzymatic system which affect the different metabolic processes. This point of view would deserve further
detailed investigations. The above mentioned results coincide with the findings of Suawky and SHAaABAN
{1974) that malathion decreased rotal sugars content in fruics of Baladi mandarins, Gomaa et al, {1976)
indicated char dimethoate lowered rotal carbobiydrates and irs fractions when sprayed on peas. Inaddition,
Fars (1988), mentioned that prothiofos and malathion significantly reduced total carbohydrates in fruies
of Navel and Baladi oranges. On the other hand, Er-Rerar et al. {1980), reported that Dipeerex,
prothiofos, Yolaton and Metasystox did not significancly affect starch content in sugar beet leaves.

3.3 Free amino acids and total proteing

Free amino acids showed varied responscs concerning the impact of the individual organophosphorus
insecticides under investigation on cabbage leaves (Table 3). While, no apparent impact could be de-

Table2.  Effect of some organophesphorus pesticides on sugar and carbohydrate contents (mglg. d.we) of cab-

bage leaves
Tab. 2. Wirkung ciniger Organophosphor-Insektizide auf den Zucker- und Kohlenhydratgehale (mgfg Tr.5.)
von Kohlblitrern

Pesticide First spray Second spray Third spray

Weeks after application

Zero One Two Mean Zera One Two Mean Zero One  Two  Mean

Reducing sugass

Conrrol 7.47  7.37 730 7.20 8.04 7.83 830 8.07 777 790 7.07 758
Malathion 7.37 573 523  6.04 650 573 503 5380 377 5.13 607 370
I'rothiofos 747 623 610 650 8.47 8.07 590 750 587 570 637 5.00
Pirimiphos- 7.17 607 597 640 830 8.03 5.0 710 893 717 630 750
m(:(hyl
‘Fotal soluble sugars

Control 4230 4030 4270 41.80 41.70 43.00 40.00 41.60 44.00 4230 39.70 42.00
Matathion 4230 3400 32.70 3630  33.00 34.00 36.30 3440 3130 3030 3370 31.80
Prothiofos 42.30 3570 35.30 37.80¢ 37.30 39.00 41.00 39.10 39.70 383G 37.70 38.60

Pirimiphos- 4230 3830 3270 37.80 39.00 4100 40.60 4020 4370 4030 3530 39.80
methyl

Taral Carbohydrares
Control 105.2 1057 1067 1059 1183 13150 1225 1186 1142 1163 1113 113.9
Malathion 1052 917 787 919 867 842 792 834 1033 950 90.0 96t
Prothiofos 105.2 983 911 982 1150 1090 963 1068 1140 1053 853 1009



of cabbage plant
Tab. 3. Wirkung ciniger Organophosphor-Insektizide auf den freien Aminosiuregehalr und das Gesameprarein-
gehalt (mg/g Tr.5.) von KohlbLittern

Pesticide First spray Second spray Third spray

Weeks after application

Zero One Two Mean Zero One Two Mean Zero One Two  Mean

Free amine acids

Cantrol 1.87 1.8l 175 181 1.94 1.88 179 187 1.78 183 195 1.85
Malachion 1.87 179 177 1.8l 203 173 188 1.89 198 186 169 184
Prothiofos 187 185 165 179 1.9¢  1.73 181 183 1.73 156 163 164

Pisimiphos- 1.87 162 1.5% 169 175 L7716z 171 171  1.69 148 1.83
methyl

Total proteins )
Control 140.6 1594 157.5 1525 170.6 1681 1631 1675 1315 1430 105.0 153.]
Malachion 140.6 1619 165.0 155.6 16L.3 1344 140.6 145.6 1419 1456 1475 145.0
Prothiofos 140.6 175.0 1619 1594 1644 1425 1463 1513 1488 1519 1425 1475
Pirimiphos- 140.6 1538 1613 1SL9 1630 1531 I58. 1581 1594 1506 1394 1494

methyl

tected in the mean values exerced by malachion, an observable decline was caused by pirimiphos-me-
thyl during the consequent application. On the other hand, prothiofos exhibited slight reduction in
free amino acids content after the first and second spray, however, a clear decrease occurred afrer the
third application. Thus, no fixed pattern could be concluded regarding the impact of the used pesti-
cides on free amino acids of cabbage plant leaves. In this connecrion, Arrrr and Ee-Bavrar {1982),
reported that methyl parathion quantitatively reduced free amino acids content of wheat grains. Simi-
larly, Fats (1988) mentioned chac prothiofos and malathion depressed the total amino acids content of
Baladi and Navel orange fruits.

Results of total proreins content showed thar the frequency of the application was the limiting factor
of the impacr of the studied insecticides on cabbage plant feaves. Samples colleceed after the first appli-
cation exhibited that both malathion and prothiofos induced an increase in the mean values of toral
proteins content of the treated plants, while pirimiphos-methyl showed a slight decline regarding this
eriterion. On the other side, plant samples taken after the sccond and third spray showed that all the
applied pesticides had a depressant impact on total proteins content of cabbage plants. For both the
second and third applicacion, the capacity of the individual pesticides 1o reduce total protcins content
could be arranged in following order: malathion > prothiofos > pirimiphos-methyl. Previous studies
revealed that organophosphosus insecricides had varied impact on proteins content of the treaced plants.
Rozex and Marecrex (1981}, reported that dimethoate and malachion exerted an increase in leaf
proteins content of pea plants after 24 h of application, while a decline was obscrved in the later
periods. Gomaa etal. (1976) concluded that dimethoare decreased total proteins content of pea plants.
On other side, Dipterex, Tokuthion, Volaton and Merasystox had no significant impact on total pro-
teins content of sugar beet as demonstrated by Ev-ReFar et al. (1980).

3.4 Mineral content

Data demonstrated in Table 4 show the elemental content of cabbage plant leaves as affected by the
consequent application of the organophosphorus insecricides. -

N consent showed limited variation in response to the sprayed pesticides after the first application.
Only a slight increase was obtained as a funcrion of the insecticide prothiofos. Taking the second and
third application into consideration, ir could be deduced char all the swudied pesticides caused varied
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Table 4. Effeer of some organophosphorus pesticides on NPK content {mgfg d.wt.) of cabbage leaves
Tab. 4. Wirkung einiger Organophosphar-Ensektizide auf den NPK-Gehalr (mg/g Tr.S.) von Koblblistern

Pesticide First spray Second spray Third spray

Weeks after application

Zero One Two Mean Zeo One Two Mean  Zero One Two Mean

Nitrogen
Control 223 255 252 244 273 269 261 268 242 232 264 245
Malathion 225 259 264 249 258 215 225 233 227 233 236 232
Prothiofos 225 280 259 255 263 228 234 242 238 243 228 136

Pirimiphos- 225 246 258 243 261 245 253 253 255 1 223 239
methyl

Phosphorus
Control 175 204 208 196 204 215 215 2.1t 256 260 200 259
Malathion 175 223 273 230 220 233 260 238 296 3.04 306 302
Prothiofos 175 219 265 220 235 235 154 241 256 294 313 288
Pirimiphos- 175 198 223 199 238 252 254 248 285 306 325 305
methyl

Potassizm
Control 306 348 345 333 348 344 352 348 341 348 391 360
Malachion 30.6 326 356 329 376 392 396 388 389 373 343 36.8
Prothiafos 3046 363 392 354 365 384 428 392 398 369 301 356

Pirimiphos- 30.6 332 335 324 338 354 397 367 37.1 387 422 393
methyl

declines in N content of the sprayed cabbage leaves. In this connection, the lowest N concentration
was detected in plants treated by malathion foliowed by those sprayed with prothiofos and pirimiphas-
methyl. For instance, the reduction percent in mean values of N content after the secand appiicarion
was 13.1, 9.7 and 5.6 % wich respect for malathion, prothiofos and pirimiphos-methyl.

P contene showed different results rather than those observed for N in response to the sprayed pesti-
cides. Generally, all the used organophosphorus insecticides caused an increase in P content of the
treated cabbage leaves. That holds true for the different consequent applications. However, the volume
of the induced increase was varied with the individual pesticides alongside the different experimental
periods and applications. Malathion showed maximum P content after che first applicacion, while
pirimiphos-methyl exerted the highest P values afrer the second and third applications. The percent of
increase as obeained after the third spray was 16.6, 11.2 and 17.8 % for malathion, prothiofos and
pirimiphos-methyl, respectively.

K content exhibited different behaviour rather than that noticed for both N and P contents in
responding to the investigated pesticidal chemicals. Data cleacly revealed thar there was no fixed trend
regarding the impact of the individual insecticides on K content after the different frequent applica-
tions. In other words, some fluctuation (by decrease or increase) occurred during the different sam-
pling dates and applications.

From the above mentioned data, it couid be concluded that the determined elements had shown
different phenomena with concern to its response to the applied pesticides. In this respect, Kansoun
er al. (1978) mentioned that both malathion and Sevin induced an enhancement i N and P content
of the ereated lettuce leaves. Similarly, Hussein (1983), reported an increase in K contenc of soybean
and cotron planes when sprayed with some organophosphorus insecricides. On the other side, Faiz
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