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PREFACE

In a previous investigation, Kord (1978) sprayed 45 days
old Datura stramonium plants with 5, 10 or 50 x 10_5M of either
potassium chromate-, ammonium dichromate or chromic chloride,
three times within consecutive three weeks. She noticed stunting
of growth, reduction in number of leaves, leaf area, fresh and
dry weight. Such phenomena were partially alleviated with in-
creased concentration of anionic chromium and/or number of
sprays, whereas cationic chromium ion was stimulatory.

Inspite of the inhibitory effects of chromium (VI) compared
with chromium (III) on alkaloid content per plant or unit leaf
area, yet the percentage alkaloid, following chromium (VI) treat-
ment was higher than chromium (III); the former increased while
the latter decreased with increased number of sprays.

In this endeavour, the seed yield of this experiment was
sown in normal soils while untreated seeds were sown in soils to
which was added the same concentrations of chromium salts in
order to find out whether or not the difference in treatment
might affect the response of the plant to the chromium salts.

In the meantime, re-sowing of seed yield might give a clue to
whether or not the previously reported results . by Kord (1978)

were persistant.




PART 1

INTRODUCTION

A- HISTORICAL REVIEW,
B- MATERIAL AND METHODS.




PART I

INTRODUCTION

A- HISTORICAL REVIEW

Inspite of the fact that pollution with heavy metals
received a great attention within the last few decades, yet
chromium received a Tittle attention in comparison with other
metals studied (viz. lead, mercury, zinc or tin).

Chromium has not been yet introduced into the biocide
industry. Thus, it plays a little or no role in the economy
of cultivated soils, except being considered as a trace
nutrient element.

According to the American Standards Association, the
maximum permissible dose of chromium must not exceed o.]mg/]m‘
air. As a water pollutant, hexavalent chromium could be re-
moved through adsorption by calcinated coke (Huang and Wu,
1975), whereas divalent chromate and dichromate apparently
had a slight affinity towards. the calcium surface and con-
sequently could not be removed.

The health hazards, reported for chromium, include
chronic bronchitis, tubercular lesions, ulcers and in few
cases neck dermatitis (Krishna et al., 1976; Hill et al., 1979).
Being air pollutant, it also causes carcinogenic hazards
(Paradoupiaou et al., 1976). It alleviated death if adminis-
tered to mice as chromium chloride, one hour before challen-
ging them with Salmonella typhosa (Snyder et al., 1977).
Chromium chloride markedly reduced several of the biologic
activities of Salmonella Tipopolysaccharides including toxicity




(Snyder et al., 1978). Still it enters in the base metal alloys
used in dentistry - to prevent its corrosion by saliva (Espevik,
1978).

It is interesting to note that chromium is one of the
heavy metals reported in the human body of Japanese people
(Sumino et al., 1975). It showed higher concentrations in
tissues exposed to environment and accumulated in larger levels
in males than in females. Punsar and Karvonen (1979) postula-
ted that coronary heart disease may be associated with low
levels of magnesium and chromium in the drinking water of the

eastern areas of Finland.

Chromium received a great attention in the last decades,
because of its widespread application in inudstrial and domes-
tic products irrespective of the high toxicity of several of
its chemical forms. Industrial production and handling of
certain Cr (VI) products are associated with respiratory injury,
carcinogenesis particularly in lungs,skin ulceration and induc-
tion of allergic chromium dermatitis (Burrows, 1978). Land
dumping of wastes from industrial Cr (VI) production and elec-
troplating operations are mainly responsible for ground-water
contamination (Burows, 1978). Discharge of Cr (VI) into streams
and rivers or leaching from sludge by flowing sea water caused

damage to aquatic ecosystems.

Such dumping of sewage sludge in coastal tropical waters
can lead to uptake and concentration of toxic trace metals by
members of a turtle grass community (Montgomery and Price,
1979). Wagemann (1978) pointed. out that barium, chromium, iron
and copper had a controlling influence on total dissolved
arsenic’ in fresh water systems.




Sharkhnazqrov et al., (1974) pointed out that workers in
potassium dichromate industry (upto 5 years service) had a
high glycogen, acid and alkaline phosphatase activity in their
leucocytes. Those working more than 10 years were short of
glycogen in their leucocytes and both phosphatases were in-
hibited. Apart from the lowered dynamic values of spirometry,
the workers dealing with chromium electro-plating are subject
to development of obstructive respiratory syndrome (Bovet et
al., 1977).

In his report; Jauorski (1976) mentioned that most of
Cr (III), present in water, is adsorbed on particulate matter
whereas Cr (VI) remains in solution where it is a powerful
oxidising agent. Cr (VI) is reduced to Cr (III) when it
reacts with animal or vegetable material in water. Hutcheson
et al., (1975) reported that 20 ppm chromium did not affect
the vitality or metabolic functions of rats. Steele et al.,
(1977) . Steele’ and Rosebrough (1979) reported trivalent
chromium as an essential dietary trace-element for swines and
turkey respectively. Ryan and Hastings Vogt (1977) reported
that a trace amount of chromium in human blood is essential
for normal glucose metabolism.

Mikhail and Awadallah (1977) demonstrated that ATP,
zinc, manganese and cobalt jons seemed to be essential for
insulin secretion and glucose utilization by tissues. Rosson
et al., (1979) proposed that chromic ion, nicotinic acid and
amino acids form a complex, referred to as glucose tolerance
factor, which somehow potentiated insulin action. Such factor,
extracted from brewer's yeast, contained glycine, glutamic acid
and cysteine as the amino acid component (Toepfer et al., 1977).
The total chromium content varied from 0.40 to 0.81 ug/ml dry




weight whereas volatile chromium, the biologically important
fraction, ranged from 0.02 to 0.39 ug/mg dry weight (Tuman
et al., 1978).

Apart from the wide application of radioactive chromium
in medical diagnosis (Dunn and Goldwein, 1975; Schiffer et
al., 1975; Lapchenkov et al., 1973; Suemasu et al., 1970;
Turner et al., 1976; Inada and Vetake, 1978; Ichno, 1979),
chromium as an element, interferes with the metabolic activi-
ties of Tiving organisms. Its poisoning effect depends upon
its valency (Fuoco and Papoff, 1975). Juvenile fishes were
poisoned by 53 and 24 mg/litre tri - and hexavalent chromium

respectively (Negilski, 1976).

According to Kryshtab (1971), exposure of animals to
chromium pyrite dust induced fibrosis accompanied by disorders
in protein metabolism. 6 x 10'5M chromium (III) did not in-
Crease the swelling of rat liver mitochondria but formed a
complex with the intrachain disulphide of insulin (Campbell
and Mertz, 1963). In his opinion (Anghileri, 1969), the
mechanism of chromium accumulation of tumor cells is not a
simple phosphomonesterase action but the interaction of chro-
mium with calcium and/or nucleic acid metabolism was the main
cause of such accumulation (Anghileri, 1971). Absorption and
accumulation of chromium in blood platelets or erythrocytes
sharply decreased with age (Burger et al., 1975;

Tsukada et al., 1971; Glomski et al., 1971; Talskaya and
Shitikova, 1964).

5 ppm chromium, in drinking water, lowered serum choles-
terol and glucose levels in rats (Schroeder et al., 1971).
Shakhnazarov (1973) showed that prolonged oral intake of small
doses of dichromate, by dogs, (1 mg/kg) decreased the total




glycogen and inhibited the activity of the oxidation reduction
and hydrolytic enzymes, with a drop in the -SH groups and
ascorbic acid. At higher doses, acid phosphatase activity and
RNA synthesis as well as mono amino oxidase were highly in-
creased. According toHirsch and Pakuts (1975), chromium chlo-
ride did not elicit nephrotoxicity or stimulation of N-methyl
nicotinamide uptake. The enhancement of renal N-methy]l
nicotinamide accumulation or retention by potassium dichromate
appears to be associated with the nephrotoxicity produced by
this compound. Levis et al., (1978) emphasized that stimulat-
ion of nucleoside uptake by hamster fibroblasts and human

6+ whereas Cr3+

epithelial cells was a specific effect of Cr
always exerted an inhibitory effect. Rae (1978) demonstrated
the high hemolytic activity of cobalt, nickel and cobalt-
chromium alloy on cells of human tissue culture. They were

also the most toxic among several other heavy metais.

Very little had been published on the role of chromium
in the physiology and metabolism of plants. In some instances
it is considered an indispensable micro-element (Bertrand and
De Wolf, 1965, 1968). As early as 1957, 1958, Dobrolyubskii
and Slavvo reported that application of 0.6 kg/hectare of
chromium sulphate to vines, prior to mass blooming, improved
the quality of grapes. The weight and size increased by 21%
and 18% respectively. The sugar content and the gluco-
acidiometric coefficient were also high. Lower doses (0.15 kg/
hectare) were more effective. Similar observations were re-
ported by Bertrand and De Walf 1968) experimenting on potato.
In acid soils, chromium sulphate was very toxic to wheat and
tomato (Moulinier and Mazeeeyer, 1968). Rusko (1968 a,b)
noticed that application of molybdenum, chromium or zinc to




grapes, before flowering, raised the total nitrogen of the grapes
and chlorophyll content of leaves. Lobnik and Vidrih (1976) and
Vidrih and Lobnik (1976) showed that 7 g/pot of tanning industry
sludge (2.4 ppm chromium) gave the highest yield of Dactylis
glomerata whereas 1.129 sludge/pot was inhibitory even when
coupled with superphosphate to reduce the high amounts of
available chromium.

Usually the chromium content of plants is very low but some
species can accumulate appreciable amounts of the metal (Lyon et
al., 1968). Lee et al., (1977) reported that epiphytic mass
"Aerobryopis longissima", the first chromium accumulator among
bryophytes, could accumulate up to 7500 ug/g chromium. Banasova
(1978), proved that Melilotus officinalis and Calamograstis

epigeios were concentrators  of chromium from Dobsina locality,
Czechoslovakia. Filip et al., (1979) found that Oscillatoria sp.
was extremely resistant to chromium and could grow in chromium
exposed cultures. From the animal kingdom, Capelli et al., (1978)
suggested to use mussels (Mytilus galloprovincialis) as a
pollution indicator for several metals including chromjum.

The effect of chromium on mineral nutrition have already
been discussed (Hewitt, 1948, 1953). Translocation of ionic
chromium from roots is blocked through chelation by proteins
(Dekock, 1956). On the other hand, Lyon et al. (1969) demons-
trated the presence of chromate ions in the xylem sap, indicating
that the metabolism of this ion took place in the leaves.

Water culture experiments with Glycine max (Turner and
Rust, 1971) showed that 0.5 ppm anjonic chromium lowered




the uptake of calcium, potassium, iron, phosphorus, and man-
ganese in roots. In soils 0.60 ppm chromium interfered with
accumulation of calcium, potassium, magnesium, phosphorus,
boron and copper of tops. At 5 ppm or above, symptoms of
toxicity appeared as severe wilting of tops of the treated
plants. Chromate was reported to be absorbed freely by

barley roots (Shewry and Peterson, 1975). But unless the
concentration was high (0.1 mM) less than 1% of the absorbed
anion was transported to the shoot. Most of the absorbed jon
was found in a non-particulate form in the vacuoles. Skeffington
et al. (1976) and Fiusselo and Novo (1976), further reported
that chromate was more toxic to growth of several monocot. and
dicot. crop plants than chromic though apparent uptake of the
latter was much faster. The former authors claimed that
chromate uptake was active whereas chromic uptake was passive
demonstrating that the two forms did not share a common uptake
mechanism,

According to Kick and Braun (1977), concentrations of
chromium above 0.5mg/gm soil retarded growth of spring rye,
green mustard, winter rye, winter wheat, spinach and rye
grass. Rehab and Wallace (1978 a,b) showed that cotton culti-
vars could tolerate 25 ug chromic ion/g soil above which reduct-
ion in leaf yeild was observed,

During the last decade, the role of trace heavy metals
on growth and metabolism of lower plants, attracted the
attention of severalinvestigators. Thus Lamb-and Tollefson
(1973) reported that cuppric ions were most toxic, followed
by chromate and chromic,to activated sludge micro-organisms.




Bieszkiewilz and Hoszowski (1978) proved that concentrations,
of the above mentioned ions, above 0.8 mg, 20 mg and 15 mg
per litre, respectively, inhibited such process as indicated
by inferior purification and reduced intensity of respiration
of the micro-organisms. Trivalent chromium is recorded among
the most effective inhibitors of nitrification in soils
(Liang and Tabatabal, 1978); average inhibition being more
than 50%. Similarly chromium reduced arylsulphatase activity
in soils (Al-Khafaji and Tabatabal, 1979) to varying extents
dependent on type of soil.

Among Tichens, Parmelia caperata and Parmelia rudecta

were able to accumulate chromium particularly in the centre
of the thallus (Schutte, 1977). Euglena gracilis could
tolerate 1 mg/1itre chromium (as chromium trioxide) for only

three hours, at room temperature (Yongue et al., 1979). In
the meantime, (Mangi et al., 1978) considered chromium (VI)
and Cr04—2 as moderately toxic to several riverine algae and
to a lesser extent to duck weeds. On the other hand, Petriya
(1978) claimed that chromium salts, in waste waters from
leather factories, at 1074 and 10'5M stimulated growth and
photosynthesis of Chlorella vulgaris whereas higher levels

were inhibitory.

Bacteria seem to be more sensitive to chromium than
other microorganisms. Hedenstedt et al..- (1977) and Nestmann
et a].<'(1979) showed that chromate ion was the responsible
agent causing mutagenicity in Escherichia coli and Salmonella

typhimurium. According to Petrilli and de Flora (1977), all
hexavalent chromium compounds caused complete inhibition of
bacterial growth at doses of 400-800 ug per plate but the




trivalent chromium compounds were neither toxic nor mutagenic
for Salmonella typhimurium. On the other hand, Pseudomonas
aeruginosa (Simon-Pujol et al., 1978; Summers and Jacoby,1978)
was resistant to hexavalent chromium whereas Klebsiel]la

deragenes was more tolerant to the trivalent than: hexavalent
ion (Baldry et al., 1977). Schatt et al. - (1973) showed that
chromium was less effective in inhibiting growth of Strepto-
coccus faecalis compared with thorium, iron or copper.

Fungi seem to be more tolerant to heavy metals than
other micro-organisms. Schmidt and Ziemer (1976) were of the
opinion that the substrate, mass of inoculum and hyphal Tesions
are the primary influencing factors whereas adaptive or genetic
phenomena do not participate in inducing high tolerance of
fungi. Wood destroying fungi considerably varied in their
tolerance to copper-chromium arsenate. Toxic doses of the
substance drastically reduced the colonization of these fungi
(Chou et al., 1974) except Poria moticola that remained viable.
Marsh et al. (1975) proposed that less than 25 ug per one ml
medium of iron, manganese, copper, cadmium, trivalent chromium,
silver or mercury partly or completely inhibited aflatoxin
production without influencing dry weight of Asperigllus
parasiticus. On the other hand, Burzynska and Maciejska (1978)
reported increased aflatoxin production by Aspergillus flavus
or Aspergillus parasiticus with administration of cadmium or
chromium without affecting biomass yield.




- 10 -

B - MATERIAL AND METHODS

40 wooden boxes (60 x 60 x 60 cm diameter) were arranged
in open air (protected from birds by a net work). Each box
received 300 kg of sieved loamy-clay soil. These were watered,
several times, until the soil settled. Duplicate boxes
were used for each treatment. FEach received 300 seeds
from crop yield following 3 times leaf spray with either 5,

10 or 50 x IO'SM of either chromate, dichromate or chromic
salt (c.f. Kord, 1978) the remaining 22 boxes received the
same amount of untreated seeds of Datura stramonium, kindly
supplied by the authorities of the Experimental Station,
annexed to the Faculty of Pharmacy, Cairo University.

A1l boxes received the proper 1manuring and irrigation
regimes following the instructions of the Experimental Station .

The first sample from all boxes was taken after 35 days
of germination. Duplicate boxes sown by normal seeds, then
received two litres water containing appropriate amounts of
chromate, dichromate or chromic to form 5, 10 or 50 x 10’5M
concentrations in the soil whereas the remaining treated or
untreated seeds received two litres of irrigation water.

This procedure was repeated at 45 and 55 days of age. Samples
from the forty boxes were then taken after 40, 45, 55, 60 and
65 days of germination.

Leaf number, leaf area, fresh and dry weight as well as
chemical analysis and alkaloid content were performed on these

samples.
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At least 10 replicate plants were taken from each box
after thining the germinated seeds to 100.

Chemical Analysis

Chemical analysis was performed on the leaves after
grouping them in the three categories. At least 5 replicates,
of known weight from each category, were kept in phenol-
trichloro acetic acid for 24 hours (Naguib, 1963) before
centrifugation fore estimation of carbohydrate components
whereas another 5 replicate samples were kept in borate buffer
at pH 8, for 24 hours, in order to allow complete extraction
of soluble nitrogen and phosphorous components (Naguib, 1969).
The extract was centrifuged while the residue was kept, over-
night, in 1 N sodium hydroxide, to dissolve the insoluble
nitrogen and phosphorous components, then centrifuged.

Estimation of nitrogen, phosphorus components and car-
bohydrate components was performed using the available colo-
rimetric procedures, at hand. Soluble carbohydrates were
estimated in phenol water extract after clearing. This was
performed on the neutralized phenol water extract, to phenol
red, whereby 3 ml basic lead acetate (13.7%) were added and
the mixture was filtered on 3 ml sodium dihydrogen phosphate
(11.9%) (c.f. Said and Naguib, 1964). Another filtration was
necessary, to remove the excess precipitated lead, before
making up the solution to a known volume.
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A- Estimation of Soluble Matter :

1- Ammonia Nitrogen:

The procedures mentioned by Fawcett and Scott (1960) and
Chaney and Marbach (1962) were followed in this investigation.
1 ml of 5% phenol containing 25 mg sodium nitro-prusside,
was added to a known volume of the neutral extract followed
by 1 ml of 2% sodium hypochlorite dissolved in 0.63 N sodium
hydroxide. The mixture was incubated, at 370C, for 15 minutes,
diluted to the appropriate volume and the optical density
determined at 630 nm.

2- Free Amino Nitrogen:

A protein-free sample was made slightly alkaline to
phenolphthalein before addition of 1 ml . of 1% borax (Russel,
1944). After shaking, another 1 ml of 0.25% freshly prepared
naphthoquinone-4-sulphonic acid was added. The mixture was
kept in boiling water bath, for 15 minutes, then rapidly
cooled. Acid formaline and thiosulphate solutions were
added and shaken. The mixture stood 20 minutes before
estimation of its colour intensity at 470 nm.

3- Peptide Nitrogen:

The procedures of Lowry et al., (1951) were followed.
A sample of the borate extract was mixed with 1 ml freshly
mixed (1:7 ratio) solution of 2% sodium-carbonate in 4% sodium
hydroxide and 0.5% copper-sulphate in 1% sodium tartarate.
The mixture stood 10 minutes before addition of 0.1 m! Folin
phenol and made up to volume. The optical density of the
mixture was measured, after 30 minutes, at 700 nm.
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4- Other Soluble Nitrogen:

If we substract the product of peptide, amino and ammonia
nitrogen from the value, obtained experimentally, for total
soluble nitrogen, we can calculate the value of other soluble
nitrogen, including amide and acyclic nitrogen (purines and

pyrimidines).

5- Total Soluble Nitrogen:

A known aliquot of the borate buffer extract was wet
digested using 505 sulphuric acid followed by Tittle dilute
perchloric acid for complete oxidation, till the whole mixture
turned pale green or colourless. This was .made up to volume

before a known amount was neutralized and its ammonia content
estimated by the Berthelot reaction. The values obtained by
this procedure, denoted al] soluble nitrogen components but
nitrate and/or nitrite nitrogen; the latters were of insigni-
ficant amounts or even absent from the extracts.

6- Inorganic Phosphorus:

The sulphite meto] method, adopted by Burton and Riley
(1954), was applied in this investigation. A1] phosphorus
estimations were carried out on neutral samples using phenol-

phthalein as indicator.

A known volume of the neutralized leaf extract was
shaken with 1 ml of 2.5 freshly prepared ammonium molybdate
and 0.5 ml of 10 N sulphuric-acid solutions. The mixture was
kept standing for 15 minutes before addition of 2 ml metal
reagent. The mixture was diluted to the appropriate volume and
its optical density was measured at 700 nm, after 30 minutes of
standing.
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/- Total Soluble Organic Phosphorus:

A known volume of the digest for total soluble nitrogen
(item 5, p.13) was withdrawn for the assay of its phosphorus
content. If we subtract the value of inorganic phosphorous
from that recorded by this procedure, we obtain the value of
total soluble organic phosphorus.

8- Total Monosaccharides (Direct Reducing Value)

This is estimated in the cleared phenol water extract.
2 ml- solution were mixed with 3 ml modified Nelson's solution
and the mixture was kept in boiling water for 15 minutes
(Naguib, 1964). After cooling, 3 ml arsenomolybdate solution
(Nelson, 1944) were added and the mixture was shaken till
effervescence stopped. The coloured solution was made up to
volume before photometrically measured at 700 nm.

9- Free Pentoses:

A known aliqout of the cleared phenol water extract was
equally mixed with concentrated hydrochloric-ferric chloride
mixture. About 0.03 g solid orcinol was added the whole
mixture was kept in a water bath for 20 minutes .After cooling
the coloured solution was diluted to a defined volume before
its intensity was measured at 660 nm (Meijbaum, 1939; Schneider,
1945).

10- Sucrose:

1.5 ml cleared extract were mixed with 0.5 ml. of 0.1%
invertase solution. The mixture was incubated for one hour,
at 37°C, before its reducing value was determined according to
the procedures for the direct reducing value. The difference
between the value, obtained by this procedure, and that obtained
for the total monosaccharides is the estimate of sucrose, in

terms of glucose.
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11- Free. Hexoses:

If we subtract the value of free pentoses (item 9, p.14)
from that of total monosaccharides (item 8,p.14)we obtain the
value for free hexoses.

B- Estimation of Insoluble Matter:

1- Total Insoluble Nitrogen:

A known volume of the sodium hydroxide-residue extract
was wet digested and its nitrogen content determined following
the previously mentioned procedures (item 5, p.13).

2- Protein Nitrogen :

An aliquat of the sodium hydroxide-residue extract was
analysed for its protein content using the Folin phenol
procedures (item 3, p.12).

3- Other Insoluble Nitrogen :

If we subtract the value obtained by the previous proce-
dure from that of tota] insoluble nitrogen, we can easily
estimate the value of other insoluble nitrogen representing
the nucleoprotein nitrogen.

4- Total Insoluble Phosphorus :
A known volume of the digested sodium-hydroxide residye
extract (item 1,p:15)was neutralized before its phosphorus

content was determined.

5- RNA-Phosphorus :

According to Schmidt and Thanhauser (1945), 5 ml of the
sodium hydroxide-residue extract were acidified with 1 ml of
6 N hydrochloric acid and 5 m] of 5% trichloroacetic acid
then centrifuged. Both inorganic and»tota] phosphorus were
determined in the Centrifugate accroding to the previously
mentioned procedures. The difference between the two proce-
dures is an estimate of the RNA-phosphorus.
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6~ DNA-Phosphorus :

If we subtract the total phosphorus reported by the
previous procedure (item 5,p.16) from the value of the total
insoluble phosphorus (item 4,p.15)we calculate the value of
the DNA-phosphorus in the sample.

/- QOther Insoluble phosphorus :

This is represented by the figures recorded for the in-
organic phosphorus during estimation of RNA-phosphorus
(item 5, p.16). In some instances, the phosphorus content of
the samples was too low to develop its colour reaction in
the previously stated periods of time. Under such condit-
ions, the molybdate mixture was left 30 minutes before
addition of the metol reagent after which the whole reaction
was kept, for at least 3-4 hours, before being assayed.

8- Total Insoluble Polysaccharides :

A known weight of the residue was refluxed in 1.5 N
sulphuric acid, at 100°C for 2 hours (Naguib, 1963). The
solution was then neutralized to phenol red, cleared, and
made upto volume before its reducing value was estimated
(item 8, p.14).

9- Total Pentosans :

The pentosan content of hydrolysate was estimated by the
orcinol method. If the value of neucleoprotein pentoses
(item 11, p.17) s subtracted from the obtained value, true
pentosans could be evaluated.

10- Total Hexosans:
If we substract the value of total pentosans (item 9,p.16)
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from that of total insoluble polysaccharides (item 8, p.16)
the product will represent the total hexosans.

11- Neucleoprotein Pentoses:

A known weight of the phendl-trichloroacetic residue was
refluxed in 5 ml of 5% trichloroacetic acid in a boiling water
bath for one hour (Schneider, 1945). The mixture was filtered
and its pentose content was estimated by the Meijboum method.

12- Starches:

The use of taka-diastase for the hydrolysis of a known
weight of the dry phenol-trichloroacetic residue was quite
sufficient to cause (complete hydrolysis of the insoluble
starches and/or dextrins. This procedure was followed in the
present invesiigation where a known weight of the dried
residue was mixed together with 0.2 m] taka-diastase enzyme
solution and 0.1 ml acetate buffer (pH 4.5)and incubated
overnight at 28-30°C. The mixture was then diluted to 3 ml.
with distilled water and centrifuged before its D.R.V. was
estimated. )

13- Other Hexosans :

If we subtract the value of starches (item 12, p.17) from
the value of total hexosans (item 10, p.16) we obtain the value
of the other glucosides and hexosans.

14- Uronic acids: (Florenceb et al., 1940).

0.3 ml. of the supernatant of the sodium hydroxide extract
of the residue were mixed with 0.2'ml. 0.5% carbazol in
absolute ethanol. 1 ml. concentrated sulphuric acid was added
and the tubes were kept in a boi]ing water bath for 10 minutes
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then cooled. The mixture was made up to 5 ml with distilled
water and its colour intensity was photometrically measured
at 535 nm.

Alkaloid Estimation:

The procedures by Hilal et al. (1977) were followed in
this investigation :
About 2 g powdered Datura leaves were extracted with 95%
ethanol. The cnncentrated alcoholic extract was dissolved in
1% HC1 and rendered alkaline with ammonium hydroxide. The
alkaloids were exhaustively extracted with successive
portions; each of 20 ml. of chloroform. The combined chloro-
form extract was washed with 10 ml. water, dehydrated over
anhydrous sodium sulphate then chloroform was distilled off
on a warm water bath. The residue was dissolved in 5 m]
methanol and the volume was completed to 10 ml. in a measuring
flask. This solution was used for GLC analysis.

Pye Unicam Gas Chromatograph series 104. Model 64 with
dual column and frame jonization detector was used. The follow-
ing conditions were adopted :

The coiled glass column was 5 feet Tong and- 4 mm internal
diameter. It was packed with 3% SE.30 adsorbed on 100-120
mesh diatomite CG. Nitrogen was used as a carrier gas at a
flow rate of 50 ml/min. The analysis was carried out iso-
thermally at 225°C at attenuation of 20x 10'2 and chart speed
of 1 cm/min.

Qualitative identification was carried out comparing the
retention time of each peak with those of the available authentic
samples. The relative percentage of each alkaloid 1in each
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sample was calculated based on peak area measurement.

Determination of Pigment Content :

0.2 g fresh weight of leaf tissue was soaked in anhydrous
100% acetone and kept at -59C  for at least 12 hours. In an
ice cold mortar, the tissues were ground with 1ittle purified
sand using the least amount of cold acetone and a pinch of
magnesium carbonate, to neutralize the plant acids, as well
as granular anhydrous sodium sulphate to dehydrate the plant
tissue ( Sestak et al., 1971). The extract was quantitatively
decanted into a centrifuge tube using few mls., of cold acetone.
After centrifugation, the cleared extract was quantitatively
transferred to a volumetric flask and brought up to volume

with acetone.

The absorbance measurements were carried out on Perkin-
Elmer spectrophotometer (Model 200-20 Double Beam). The
extinction (E) was recorded at 440.5, 644 and 662 nm. the
concentration of chlorophyll a and b as well as carotenoids
were calculated using the following equations given by Sestak
et al., (1971) for 100% acetone.

Chlorophyll a (ug/ml) =9.78 E662 - 0.99 E644
Chlorophyll b (ug/ml) = 21.4 E644' 4.65 E662

Chlorophyl1l a+b (ug/ml) = 5.13 Eggp 20.41 Ecaa
Carotenoids (ug/ml) = 4.69 E440 5 - Chl. (a+b) 0.268.

The results obtained from above equations, express the
pigments as milligram per liter extract i.e. (ug/ml):The
pigment . content was then calculated in terms of mg per one

g dry weight.
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A1l measurements were carried out within a maximum of
6 hours from the beginning of extraction to avoid adsorption
of the pigments on sodium sulphate (Fadeel, 1962).




PART 11

A~ COMPARATIVE EFFECTS OF PREVIOUS LEAF SPRAY
WITH VARIOUS CONCENTRATIONS OF DIFFERENT
CHROMIUM SALTS WITH THE EFFECTS OF SOIL
TREATMENT WITH THE SAME CHROMIUM IONS ON
FRESH AND DRY WEIGHT, TOTAL LEAF AREA AND
PIGMENTATION OF DATURA STRAMONIUM LEAVES

DURING THE GROWTH SEASON.,




PART IT

A - COMPARATIVE EFFECTS OF PREVIOUS LEAF SPRAY WITH
VARIOUS CONCENTRATIONS OF DIFFERENT CHROMIUM SALTS
WITH THE EFFECTS OF SOIL TREATMENT WITH THE SAME
CHROMIUM IONS ON FRESH AND DRY WEIGHT, TOTAL LEAF
AREA AND PIGMENTATION OF DATURA STRAMONIUM LEAVES

DURING THE GROWTH SEASON

In this experiment, the seeds, obtained from previously,
3 times, sprayed Datura stramonium plants (c.f. Kord, 1978)

as well untreated seeds were sown in large wooden boxes contain-
ing plain loamy clay soil. After 5 weeks of germination, the
control plants were irrigated, every 10 days, with 0, 5, 10 or
50 x 10'5 M of either chromate, dichromate or chromic ions,

" whereas the progeny of the previous treatment was irrigated

with water. 10 replicate plant samples were collected after

35, 45, 55 and 65 days, just prior to irrigation.

RESULTS

Fresh and Dry Weight :

Table 1 and Fig. 1 show that the fresh weight of leaves

of 5 weeks old plants was hardly affected by the earlier spray
with the chromium salts except those produced after 50 x 10'5 M
dichromate treatment where an appreciable drop was observed; a
phenomenon that was partially alleviated with progress of age.
On the other hand, an increase in fresh weight of leaves was
observed in plants produced from previous spraying with 10 x 10”
chromate, during the second sample that was furthered with prog-

oM

ress of age resulting in the largest estimates, by the end of
the experimental period. Chromic fons exerted their stimulatory
effects, nearly during the last sample with minor difference
between the different concentrations of the ion.




Table 1:

treatment with the same chromium ions levels,

area per plant, during the growth season.

Comparison of effects of previous leaf spray with various concentrations of different chromium salts with the effect of soil

on fresh and dry weight of main stem leaves of Datura stramonium, and the total

‘ noSmmdﬁl Chromium Weight of leaves (g) Total leaf ) noSmmSﬁl Chromium Weight of leaves (g) Total leaf
Age in days ration ion - area Age in days ration ion area
x 1075 M Fresh Dry (em?) x 1072 M Fresh Dry (em?)
0 o 2.64+40.11 0.32+0.014  72.3+2.% 0 0 2.64+0.11 0.32+0.014% 72.3+2.4
o Kol bl
- Chromate 2.74+0.10 0.36+0.016 61.6+2.0 mu Chromate
ooE 5 Dichromate 2.4270.09 0.38%0.019 57.0+1.9 eF . 5 Dichromate
04 P Chromic 2.96+0.13 0.54+0.020 62.5+2.1 M o m Chromic
L © — = .
nme s Chromate  3.16+0.12 0.48+0.017 55.6+1.8 n oA E Chromate
g 10 Dichromate 1.88+0.08 0.2270.011 53.1+1.8 MR 10 Dichromate
el Chromic 2.4230.08 0.36+0.015 70.1%2.3 Hbs Chromic
e X — il 3
G Chromate 2.44+0.09 0.36+0.015 59.2+2.0 25 Chromate
50 Dichromate 2.0230.08 0.28+0.013  50.5+1.7 H o 50 Dichromate
Chromic 2.3430.09 0.2870.012 66.472.2 Chromic
0 ) 2.92+0.11 0.48+0.018 125.0+4.1 o ] 2.9240.11 0.48+0.018 125.0+4.1
m Chromate 3.04+0.13 0.56+0.021  85.3+2.8 ﬂh Chromate 6.80+0.22 1.24+0.090 152.1+5.1
. 5 Dichromate 2.60+0.10 0.48+0.019 79.0+2.6 et 5 Dichromate 3.64+0.15 0.78+0.070 115.1+3.8
55k Chromic 3.34+0.14 0.88+0.039 91.4+3.0 b o Chromic 5.4440.18 0.82+0.070 207.0+6.8
FLL G Chromate  4.2k+0.14 0.62+0.023 102.7+3.%4 nEss Chromate  3.38+0.13 0.96:0.080 126.3+4.2
°5* 10 Dichromate 3.24%¥0.13 0.42%0.017 63.7+2.1 sHE 10 Dichromate 3.08%0.12 0.58+0.060 151.4%5.0
g g Chromic 2.96+0.12 0.70+0.025 111.5+3.7 ek Chromic 4.76+0.16 1.16+0.090 226.3+7.5
Sa% Chromate 2.94+0.11 ©0.58+0.022 B84.6+2.8 S Chromate 2.28+40.10 0.80+0.070 107.643.6
o 50 Dichromate 2.44+0.10 O.wNHb.OHv 92.743.0 = 50 Dichromate 2.86+0.12 0.58+0.022 88.0+3.0
~ Chromic 2.98+0.12 0.96+0.034 98.7%3.3 s Chromic 4.90+0.17 0.86+0.031 190.9+6.3
0 o} 3.28+0.13 0.60+0.022 136.8+4.5 [ o 3.28+0.13 0.60+0.022 136.8+4.5
s 2+ * + 1+ *
%~ Chromate J.42+0.12 0.82+0.029 Hom.ﬂHb.m Myn Chromate 9.16+0.29 1.94+0.063 174.3+5.8
. 5 Dichromate 2.90+0.12 0.7270.026 121.7%4.0 Rt 5 Dichromate 5.68+0.19 1.38+0.046 132.1%4.4
w m 5 Chromic 3.86+0.14 1.38+0.046 118.0+3.9 u x K Chromic 7.3040.25 1.06+0.036 243.3+8.0
+ o -
nee e Chromate  5.36+0.19 0.80+0.028 147.6+2.7 n& 5 Chromate  4.76+0.19 1.2h+0.042 188.0+6.2
e 10 Dichromate 3.48%0.13 0.72+0.025 85.432.8 wen g 10 Dichromate 3.92+0.1% 0.96+0.034 177.8%+5.9
n LD Chromic 3.44+0.12 1.2270.041 144.534.9 nek Chromic 7.52¥0.25 1.5230.050 263.0%8.7
o L et bt = | = bt b
oA E Chromate  3.2840.12 0.9240.032 121.5+k.1 sh° Chromate  3.94+0.15 1.3240.0kh 133.3+4.4
o 50 Dichromate 2.78+0.11 0.60%0.021 111.3%3.7 o4 50 Dichromate 3.2270.13 0.68%0.025 107.433.5
. : Chromic 3.64+0.13 P.#NHb.Orw Hmm.uH}.m - Chromic 6.18+0.21 1.30+0.043 221.2+7.3
0 0 3.62+0.12 0.96+0.033 151.345.0 o 0 3.62+0.12 0.96+0.033 151.34+5.1
I Chromate 3.64+0.12 1.26+0.042 128.7+4.3 Pl Chromate  10.72+40.35 2.22+0.072 289.7+9.6
N 5 Dichromate 3.60+0.13 1.16+0.040 140.0+4.6 v 5 Dichromate 7.1230.23 1.76+0.057 155.74+5.2
584 Chromic 4.96+0.18 1.92+0.062 130.0+4.3 5% Chromic 9.54+0.31 1.36+0.045 298.6+3.2
NG D Chromate  6.20+0.21 1.84+0.059 178.5+5.9 wd £ Chromate  6.54+0.23 1.96+0.064 203.1+6.7
v @ @w 10 Dichromate 3.72+0.14 0.96+0.033 97.1+3.3 v 3 m 10 Dichromate 4.46+0.16 1.22+0.041 189.3+6.2
nLs Chromic 4.38%0.15 1.61%x0.052 167.0+5.6 Xy Chromic 8.2430.27 1.96%0.063 305.1310.1
R Chromate 3.90+0.14 1.20+0.040 136.0+4.5 g Chromate  5.7040.20 1.66+0.055 161.745.4
° 50 Dichromate 3.08+0.11 0.76+0.027 137.7+4.6 o X 50 Dichromate 3.62+0.13 0.92+0.033 112.84+3.7
—~ Chromic 4.4840.17 1.66+0.055 144.2%4.8 g Chromic 7.08+0.25 1.72¥0.056 246.3%8.1
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The previous spraying with 5 x 10_5 M chromic ions appre-
ciably increased dry weight gain after 5 weeks of germination;
a phenomenon that was furthered with progress of age. The pre-
vious treatment with larger doses exerted the same remarkable
stimulation at later stages of growth. Similarly, previous
treatment with chromate ions increased the dry weight of leaves
though to lesser extent compared with respective doses of chro-
mic ions, particularly towards the end of the experimental period.
On the other hand, dichromate seemed without effect, if not
slightly inhibitory particularly at its larger doses.

On the other hand, soil irrigation with the least dose
of either chromium ions, as well as with the larger doses of
chromic ion,largely stimulated the gain in fresh and dry weight
of leaves that continued with progress of age. Application of
larger doses of chromate exerted their stimulatory effect at
later stages of growth; a phenomenon that faded with increased
concentration of the ion. However, 10 x 10'5 M dichromate was
stimulatory only at the latest growth stage whereas the larger
dose seemed without effect.

Total Leaf Area :

Table 1 and Fig. 1 also show that previous spraying with
5 x 10'5 M of either chromiun ions highly reduced the total
surface area of the produced leaves; a phenomenon that persisted
all over the experimental period; dichromate exerted the com-
paratively least effect particularly towards the end of the
experimental period. Further increase in concentration of
either chromate or dichromate was still inhibitory whereas
that of chromic exerted no effect; a phenomenon that persisted
during the whole season except for 10 x 10'5 M chromate where
the inhibitory effects were almost overcome, with progress of
age.
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Soil treatment with chromate or chromic ions stimulated
the increase in surface area of the leaves; the latter ion being
more effective than the former, whereas dichromate ions were
almost without effect, a phenomenon that continued with re-
peated application of the same concentration of the ions.

Larger doses of chromate or dichromate were inhibitory; the
latter ion being more effective than the former; whereas those
of chromic were still stimulatory. Repeated application of the
jons counteracted the earlier inhibitory effects of chromate
without affecting those of dichromate or the stimulatory effects
of chromic ijons.

Leaf Pigmentation :

Table 2 and Fig. 2 show that previous spraying with the
various doses of the different chromium jons exerted no effect
on pigmentation except for chromate ions at 10 x 10'5 M and
chromic at 5 x 107> M that stimulated and 10 x 107> M dichro-
mate ions that inhibited chrlorophyll formation, mainly chloro-
phyll a. With progress of age, the various chromate or dichro-
mate treatments were suppressive to accumulation of both chloro-
phylls whereas chromic ions were initiative; more prominently
at 10 x 10'5 M concentration. On the contrary, only 5 x 10'5 M
chromic jons enhanced carotenoid accumulation whereas the other
levels of either chromium ions seemed without effect. With
progress of age, chromic jons were still stimulatory, particu-
larly at 10 x 10'5 M level, whereas the chromate and dichromate
ions were suppressive to carotenoid accumulation.

On the other hand, soil treatment with dichromate or
chromic ions increased whereas chromate decreased both chloro-
phylls content; chromic ions being more effective. Under all
conditions, both chlorophyll a and b shared in the drop in total
chlorophyll whereas the increase was mainly in chlorophyll a
level. Similarly, carotenoid accumulation was highly initiated
by chromic or dichromate ions - though to a lesser extent under




Table 2:

Comparison of
chromium ions

effect of previous leaf spray with various ¢
on pigmentation of Datura stramonium leaves,

(mg per 1 g dry weight).

oncentrations of different chromium salts with the effect of soil treatment with the same
during the growth season.

Age in days MMMMMM»I Chromium Chloro~ Chloro- a + b Carote- Age in days MMMMMMﬁl Chromium Chloro- Chloro- a + b Carote-
] ; Y ‘a : ;
< Poim “ ion Phyll a Phyll b Uow s x Holm " ion Phyll a Phyll b . noids
o 0 o 8.02+0.27 2.73+0.11 10.75+0.36 3.48+0.14 o c o o 8.02+0.27 2.7340.11 10.75+0.36 3.48+0.14
- Chromate 6.65+0.22 3.59+0.14 10.24+0.35 3.00+0.12 e Chromate
¢ M u 5 Dichromate 7+.24+0.24 3.0240.12 10.26+0.3% 2.66+0.11 “ X : 5 Dichromate
sz Chromic 9.99+0.34 3.5970.13 13. 58%0.44 4.1870.15 a £ 3 Chromic
Q
AL S Chromate  12.71+0.42 4.68+0.18 17, 39+0.58 2.88+0.12 neE Chromate -
sTs 10 Dichromate 5.71+0.20 2.58+0,11  8.2970.29 2.56+0.10 g3k 1o Dichromate
PRt Chromic 9.42+0.32 3.01+0.12 .12, #u+o 41 3.75%0.1% t.wu Chromic ,
halba B — -
] Chromate 7+3040.24 3.64+0.14 10.94+0.37 2.96+0.12 sk Chromate
50 Dichromate 7.59+0.25 3. 08+0.11 10.6740.35 3.34+0.11 50 Dichromate
Chromic 7.33#0.25 2.7130.10 10.04+0.34 3.21%0.13 Chromic
(e} o 8.1640.28 3.62+0.13 11.78+40.40 3.41+0.13 o 0 8.1640.28 3.62+40.13 11.7810.40 3.41+0.13
ol Chromate 3.08+0.11 1.69+0.09 4.77+40.18 1.73+0.08 .n_h Chromate 8.0440.28 3.10+0.13 11. 14+0.36 3.41+0.14
-, 5 Dichromate 4.86+0.16 2.8270.11 7.6830.26 1.56%0.08 alid 5 Dichromate 2.79:+0.1r 1.94¥0.09  4.7330.17 1.92+0.08
5k Chromic 6.26+0.22 3.00+0.12 9.26+0.32 1.17%0.07 R Chromic 6.98+0.24 2.84%0.12  9.82r0.32 2.71+0.12
Sany Chromate 7.34+0.25 6.22+0.22 13.56+0.45 1.4140.07 LEes Chromate 2.8140.10 1.66+0.11 4.4740.16 1.1240.07
s 10 Dichromate 2.9240.12 2.34¥0.11 6.2670.21 O. 85%0.05 enE 10 Dichromate 3.0140.12 1.98%0.09 4.9940.18 1.2430.07
erig Chromie 10.55+0.36 4.32+0.15 14.87%0.48 3. 3050.13 ook Chromic 8.75+40.30 3.65%¥0.14 12.4030.40 ' 3. 45+0.13
m_u.m Chromate 5.2240.19 2.63+0.12 7.85+0.25 1.34+0.08 Sqe Chromate 6.32+40.22 3. 21+0.13 9.59+40.33 2.65+0.10
50 Dichromate 7.61+0.25 3.52+0.1% 11. 13%+0.36 2.51%0.11 X 50 Dichromate 4.14:+0.18 1.8330.07 5.97+0.21 1.75+0.08
et Chromic 12.55+0.41 4.10+0.14 16.6570.53 1.99+0.08 g~ * Chromic 9.0040.31 3.5270.13 12.5230.41 3.4530.14&
3 [ 5.44+0.19 2.81+0.11  B.2540.28 1.91+0.07 0 0 5.44+0.19 2.81+0.11 8.25+0.28 1.91:0.07
3 m Chromate  3.75+0.13 1.83+0.07  5.5840.20 2.1450.08 Bl Chromate  7.4140.25 3.2040.12 10.61+0.36 2.6540.11
N, 5 Dichromate 4.98%0.18 2. 02%6.09 7.00+0.23 0°9430.06 ax 5 Dichromate 3.24+0.12 1.85%0.08 5.09+0.18 1.05%0.06
hEL i Chromic 7.77+0.26 3.5330.15 11.30%0.37 2.81+0.11 kX o Chromic 6.3430.23 3.1230.13  9.4630.32 2.43+0.10
na s . Chromate 5-8310.20 2.05+0.09 . 7.8840.28 2.01+0.08 WV &3 Chromate 6.08+0.22 2.9540.12 .9.0330.31 2.04:0.09
sg= 1p Dichromate 2.61¥0.11 1.19x0.07 3. 80+0.15 1.8130.08 s3E 10 Dichromate 8.73%0.30 5.02+0.18 13. 75+0.45 3.00+0.12
oS : Chromic 9.53+0.34 3.5740.1k  13.10+0.4k 3.34+0.13 Bk Chromic 9.53%0.33 4.4840.18 14.01+0.48 3.33+0.12
<43 Chromate 5.65+0.20 2.3440.09 -7.99+0.28 1.77+0.08 ST Chromate k.6440.18 2.81+0.11 7. 45+40.26 1.88+0.08
° 50 Dichromate 4.01%0.15 2.1040.09 . 6.1130.22 . 1.831%0.09 b 50 Dichromate 6.72+0.24 3.1970.12 9. 9170.34 2.4550.10
- Chromic 7.7230.25 3.34%0.14 11.06%0.36 2.76+0.11 s Chromic 11.0310.36 5.60:0.21 16.63%0.55 3.5830.13
- 0 0 5.5240.20 2.3140.09 7.83+0.28 2.06+0.09 - 0 0 5.52#0.20 2.3140.09  7.83+0.28 2.0640.09
A Chromate 2.66+0.12 1.61+0.08  k,27+0.17 1.61+0.07 A5 Chromate 3.2240.12. 1.62+0.08 4.84+0.18 1.3310.07
MR L 5 Dichromate 2.19+0.10 1.05:0.07  3.24%0.1k 1.32+0.07 L. 5 Dichromate 2.95+0.11 1.23%0.07 4.18+0.16 1.56+0.08
SR8 Chrowic 3.61+0.15 1.59:0.09  5.20%0.20 0.91+0.06 ScE Chriomic 8.83+0.30 5.02%0.18 13.85%0.46 4.65+0.18
R Shromate — 4.55+0.17 2.0040.08  6.5540.23 1.63:0.07 1w =SF . Chromate 3.1040.12 1.3640.07  4.46:0.18 1.11:0.07
. 10 Dichromate 6.3730.23 2.0750.08 8.k470.29 2. 58+0.11 @ v 0o 10 Dichromate 4.44%0.17 2.7050.11  7.14%0.25 1.54%0.07
ol Chromic 8.63%0.29 3.37%0.14 12.00+0.40 3.07+0.11 et Chromic 6.93%0.24 3.3930.12 10.32+0.35 0.70-0.06
i Chromate — 4.10+0.16 1.37:0.07  5.4740.20 1.570.08 i Chromate  3.6140.14 1.564+0.07  5.1740.18 1.42.0.07
S 50 Dichromate 5.3330.18 1.87%0.08 7.11+0.24 2.0030.08 g~ 50 Dichromate 7.03+0.24 3,28%0.13 10.31%0.35 2.12+0.08
Chromic 6.77+0.25 2.7520.11  9.52+0.34 2.2430.10 Chromic 6.23+0.22 3.22%0.14% 9. 4570.32 2.7770.11
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the Tatter condition - whereas chromate ions were mostly
inhibitory.

These fluctuations were highly apparent after the second
and/or third treatment whereas the first treatment was mostly
inhibitory; chlorophyll b being more sensitive than chlorophyll a,
in this respect.
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B - COMPARATIVE EFFECTS OF PREVIOUS LEAF SPRAY WITH VARIOUS
CONCENTRATIONS OF DIFFERENT CHROMIUM IONS WITH THE EFFECT
OF SOIL TREATMENT WITH THE SAME CHROMIUM IONS LEVELS ON
THE NITROGEN, CARBOHYDRATE AND PHOSPHORUS CONTENT OF
DATURA STRAMQNIUM LEAVES DURING THE GROWTH SEASON.

In this part of this investigation the leaves of 10 - 15
plants from each treatment were collectively dried, in hot air
dry oven, at 80°C, ground , thoroughly miked and 5 replicates;

1 g each, were extracted and analysed for their nitrogen, carbo-
hydrate or phosphoruscontents.

RESULTS

Nitrogen Content :

Table 3 a and Fig. 3 show that previous spraying with
5 x 10'5 M. of the various chromium jons induced a noticeable
drop in total nitrogen content of the leaves, a phenomenon that
was® not affected by raising the concentration of either chro-
mate or dichromate, (the latter being less effective) but was
alleviated or even reversed with increasing the chromic ions
dose. Under all conditions, the fluctuations were majorly in
the soluble component particularly the other soluble form where-
as the insoluble components were slightly, if at.all, increased.

With progress of age, the previous treatment with the
least dose was mostly inhibitory till the end of the experimen-
tal period whereas both the stimulatory or inhibitory effects
of previous spraying with the higher concentrations were abolished;
more prominently towards the end of the growth season. At the
earlier stagesw of growth (45 - 55 days) chromate at 50 x 107 M
seemed to stimulate insoluble nitrogen accumulation particularly
the other insoluble form on the expense of reduced other soluble




Table 3a: Effect of previous leaf spray with various concentrations of different chromium ions on the nitrogen content of leaves of Datura stramonium
during the growth season of the produced seeds. (mg per 1 g dry weight of leaves).

. Concent- . . . : Other Total . Other Total
Age 1in ratio n#ﬂn.vﬁvﬂa >ESM”P& >5~Mu—o wwvwvno soluble soluble mvn.o%o..rﬁ insoluble insoluble HOMDH
days 11070 M ion . N N N N
H.“_ 0 0 1.50 + 0.08 %.60 + 0.17 4.57 + 0.17 5B8.90 + 1.95 69.57 + 2.38 16.47 + 0.56 7.53 4 0.27 24.00 + 0.82 93.57 + 3.1k
Aw Chromate 1.30 + 0.07 2.26 +« 0.10 4,64 + 0.16 25.k4 + 0.84 33.64 s+ 1.12 1B.17 + 0.63 6.98 + 0.25 25.15 « 0.83 58.79 < 1.96
° b 5 Dichromate 1.68 + 0.08 4.19 + 0.16 4.86 + 0.18 39.55 + 1.44 50.28 + 1.68 19.41 ¥ 0.68 6.32 + 0.2k 25.73 ¥ 0.84 76.01 + 2.51
58 Chromic =~ 2.58 + 0.11 3.95 + 0.1% 5.9% + 0.22 22.10 » 0.73 34.57 + 1.17 15.75 + 0.56 5.17 + 0.19 20.92 + 0.71 55.49 + 1.85
"G o Chromate 1.29 + 0.07 4.07 + 0.15" 6.1& + 0.21 22.92 + 0.76 34.47 + 1.13 16.23 + 0.57 6.37 + 0.23 22.50 + 0.78 56.97 + 1.90
mAas 10 Dichromate 1.67 + 0.08 3.41 + 0.13 k.57 + 0.17 36.4% 1+ 1.20 46.09 + 1.55 18.4k ¥ 0.63 12.72 ¥ 0.42 31.16 + 1.0k 77.25 + 2.57
2= Chromic 1.57 + 0.08 5.20 + 0.20 5.58 + 0.20 54.70 + 1.82 67.05 + 2.2k 20.41 ¥ 0.69 10.11 ¥ 0.34 30.52 ¥ 1.03 97.57 % 3.23
35 Chromate 1.83 + 0.07 4.12 + 0.16 5.74 + 0.21 20.57 + 0.68 32.26 + 1.10 16.93 + 0.59 9.20 + 0.32 26.13 + 0.88 58.39 + 1.95
i 50 Dichromate 1.61 + 0.07 3.40 + 0.14 4.48 + 0.18 41.75 + 1.38 51.24 + 1.69 15.53 s 0.56 7-47 + 0.23 23.00 + 0.77 7h.24 + 2.35
58 Chromic 2.69 + 0.11 6.01 + 0.21 6.61 + 0.22 62.39 + 2.06 77.70 ¥ 2.57 15.86 ¥ 0.57 9.35 ¥ 0.31 25.21 + 0,85 102.91 % 3.k2
m 0 o 0.97 + 0.05 4.43 + 0.15 6.10 + 0.20 41.28 + 1.36 52.78 + 1.76 15.76 + 0.55 9.92 + 0.34 25.68 + 0.86 78.46 + 2.61
H . Chromate  0.35 + 0.04 3.34 + 0.12 6.97 + 0.25 18.43 + 0.62 32.29 + 1.09 19.61 + 0.66 7.7k + 0.25 27.37 +« 0.91 59.66 + 1.98
B_M 5 Dichromate 1.09 + 0.07 4.49 + 0.16 6.85 + 0.25 24.84 + 0.83 37.27 + 1.23 18.40 + 0.63 9.77 + 0.34 28.17 + 0.95 65.4%4% + 2.17
il Chromic 1.33 +# 0.07 4.19 + 0.15 7.61 s+ 0.26 17.34 + 0.57 30.47 + 1.03 16.70 = 0.58 9.59 + 0.35 26.29 + 0.92 56.76 + 1.89
kox
nle Chromate 0.89 + 0.05 4.41 + 0.15 8.08 » 0.28 18,53 + 0.63 31.85 + 1.07 17.04 + 0.59 8.11 + 0.28 25.15 + 0.8k 57.00 + 1.89
~ 10 Dichromate 0.83 + 0.05 3.76 + 0.14 6.03 » 0.21 25,09 + 0.84 35.71 ¥ 1.20 18.97 % 0.66 10.70 * 0.37 29.67 + 1.02 65.38 ¥ 2.18
R Chromic 0.85 + 0.05 4.99 » 0.18 7.29 + 0.24 25.76 + 0.83 38.89 ¥ 1.31 19.47 ¥ 0.67 16.32 + 0.56 35.79 % 1.21 74.68 % 2.46
o
z s Chromate  0.81 + 0.05 4.46 + 0.16 7.73 + 0.25 21.42 + 0.69 34.42 + 1.15 15.69 + 0.56 16.06 + 0.55 31.75 + 1.07 66.17 + 2.20
© 50 Dichromate 1.06 + 0.06 3.65 + 0.14 6.79 + 0.23 25.26 1+ 0.84 36.76 + 1.13 16.62 ¥ 0.58 11.22 ¥ 0.39 27.5k + 0.94 64.60 * 2.15
°os Chromic 1.30 + 0.07 5.44 + 0.21 8.45 # 0.28 36.41 + 1.21 51.60 ¥ 1.73 15.67 % 0.55 11.46 + 0.41 27.13 + 0.92 78.73 + 2.61
) (¢] (¢} 0.62 + 0.05 4.47 + 0.17 7.80 + 0.27 28.62 + 0.98 41.51 + 1.42 23.96 s+ 0.82 15.21 + 0.54 3B.17 + 1.32 79.68 + 2.69
=
he Chromate  0.53 + 0.05 3.52 + 0.14 8.57 + 0.30 16.67 + 0.56 29.29 + 1.00 21.09 + 0.73 7.33 +# 0.27 28.42 + 0.98 57.71 + 1.93
) 5 Dichromate 0.71 + 0.06 3.87 + 0.15 9.39 + 0.33 22.81 + 0.77 36.78 + 1.25 18.35 % 0.65 12.28 ¥ 0.42 30.63 + 1.05 67.41 T 2.25
m_m Chromic 0.90 + 0.07 4.39 + 0.16 9.16 + 0.32 13.28 x 0.45 27.73 + 0.95 16.88 * 0.59 14.52 ¥ 0.49 31.40 + 1.06 59.13 % 1.98
=
AN Chromate  0.59 + 0.06 3.03 + 0.12°10.57 + 0.35 16.89 + 0.57 31.08 + 1.05 22.74 + 0.79 11.42 + 0.39 34.16 + 1.16 65.24 + 2,19
33 10 Dichromate 0.63 + 0.06 3.9% + 0.15 7.60 + 0.26 19.30 + 0.67 31.47 ¥ 1.08 19.42 + 0.68 15.88 + 0.52 35.30 + 1.19 66.77 * 2.22
G o= Chromic 0.62 + 0.05 4.16 + 0.15 8.57 + 0.29 28.72 + 0.97 42.07 + 1.42 15.09 & 0.54 15.70 ¥ 0.51 30.79 ¥ 1.04 72.86 ¥ 2.42
s
5o Chromate  0.48 '+ 0.05 4.53 + 0.17 9.61 + 0.33  19.83 + 0.67 34.45 & 1.17 22.13 + 0.77 32.20 + 1.06 54.33 + 1.81 88.78 + 2.95
3+ 50 Dichromate 0.87 +« 0.07° 4.01 # 0.15 8.76 + 0.29  26.49 + 0.92 40.13 ¥ 1.2 19.14 ¥ 0.67 15.48 + 0.52 34.62 + 1.17 74.75 % 2.h2
g & Chromic 0.94 + 0.07 4.25 + 0.16 9.15 + 0.31 33.70 + 1.14 48.04 + 1.58 17.27 + 0.61 13.69 + 0.45 30.96 + 1.04 79.00 % 1.61
dfwﬂ 0 ¢} 0.32 +.0.05 3.33 + 0.14% 9.91 + 0.34 13.77 +# O0.48 27.33 + 0.93 mm..}wo..\m. 26.25 + 0.88 48.99 + 1.63 76.32 + 2.53
b Chromate 0.38 W 0.05 3.52 + 0.15 10.97 + 0.37 15.42 + 0.54 30.29 + 1.05 22.81 + 0.79 8.19 + 0.30 31.00 + 1.06 61.29 + 2.07
.- 5 Dichromate 0.46 + 0.04 3.11 + 0.1 8.99 + 0.30 22,61 + 0.78 35,17 + 1.21 1B8.07 » 0.6 17.02 + 0.57 35.09 + 1.18 70.26.+ 2.3
°% Chromic 0.64 ¥ 0.05 3.94 ¥ 0.1% 11.52 ¥ 0.38 9.41 + 0.31 25.51 ¥ 0.89 19.00 ¥ 0.68 18.99 ¥ 0.63 37.99 ¥ 1.27 63.50 % 2.1
8% 5 Chromate o.mw + 0.0 k.75 + 0.18 12.67 + 0.51 17.33 + 0.60 35.09 + 1.20 2B.59 + 0.98 15.37 + 0.L8 "h2.96 » 1.43 78.05 4+ 2.59
- 10 Dichromate 0.46 ¥ 0.05 3.26 ¥ 0.14 w.mo ¥ 0.32 ww.mu ¥ 0.67 33.23 T 1.13 16.61 T 0.58 25. T 0.58 42.04 ¥ 1.41 5.27 ¥ 2.51
av Chromic 0.38 ¥ 0.05 3.43 ¥ 0.15 9.47 ¥ 0.31 26.57 ¥ 0.92 39.95 ¥ 1.35 24.13 T 0.83 17.0L T 0.60 42.07 T 1.40 B1.82 T 2.73
& Chromate  0.20 + 0.0% 3.73 + 0.15 11.%9 + 0.37 16.11 + 0.56 31.53 + 1.09 18.39 + 0.65 17.%2 + 0.58 35.81 + 1.19 67.34 + 2.25
% 50 Dichromate 0.61 ¥ 0.05 3.52 + O0.14 9.26 + 0.31 26.65 + 0.91 40.04 ¥ 1.36 19.70 + 0.69 19.56 + 0,65 39.26 + 1.32 79.30 + 2,65
ok Chromic 0.69 + 0.06 4.15 + ©.16 10.35 ¥ 0.35 3L.16 + 1.17 49.35 % 1.67 18.10 5 C.64 12.23 T 0.42 30.33 = 1.03 79.68 = 2.6
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component, whereas by the end of the experiment, all treatments
suppressed insoluble nitrogen formation; the other insoluble
participating to a larger extent than the protein nitrogen.
This was accompanied by a concomitant increase in the other
soluble nitrogen whereas the fluctuations in the other soluble

forms were mostly minor.

Table 3 b and Fig. 3 further. show that the first soil
treatment with either chromate, dichromate or chromic ions
inhibited total nitrogen accumulation in Datura stramonium
leaves; a phenomenon that was almost unaffected by increasing
the dose of the jons except chromic where the higher concentra-
tions partially alleviated such effect. Most of the drop was
in the soluble components particularly the other soluble form.
In the meantime, though total insoluble nitrogen seemed un-
affected by such treatment yet the smaller doses of the chromium
ions favoured greater protein than other insoluble nitrogen
accumulation whereas the larger doses initiated the reverse
effects.

The second application of chromate or chromic ions in-
Creased whereas dichromate jons severely attenuated nitrogen
accumulations; a phenomenon that was almost completely alle-
viated at the higher concentrations of either jons except
chromic that was still stimulatory. Under these conditions,
the increase was mainly in the soluble component, particularly
the other soluble nitrogen whereas the drop was mainly in
either the other soluble or other insoluble forms; with minor
participation from the other nitrogen forms.

The third application of ejther ions, at their different
levels, was totally inhibitary to total nitrogen accumulation,
almost to the same extent regardiess concentration and/or type
of ion. The insoluble component, particularly the other in-
soluble form, was largely participating in this respect.




Table 3b: Effect of soil treatment with various concentrations of different chromium ions on the nitrogen content of leaves

of Datura Stramonium during
the growth season. (mg per 1 g dry weight of leaves),

. Concent- . . ) : Other Total : Other Total “

Age in HMMMOM nrﬁmsvca >55M5Pm >Emuo ﬁo%%uno soluble soluble vHoanﬁ insoluble insoluble Ho%uw

days 105 M iton N N N N
35 o o 1.50 + 0.08 4.60 + 0.17 k.57 + 0.17 58.%0 + 1.95 69.57 + 2.38 16.47 * 0.56  ?7.53 + 0.27 24.00 + 0.82 93.57 4+ 3.14
mm. o o 0.97 & 0.05 4,43 + 0.15 6.10 > 0.20 41.28 + 1.36 52,98 x 1.76 15.76 + 0.55 g.92 + 0.34 25.68 + 0.86 78.46 * 2.61
b : -
-3 Chromate  0.33 4+ 0.04 2.42 + 0.10 4,52 4+ 0,18 8.5 £ 0.31 15.78 + 0.55 22.85 + 0.7 12.95 + 0.45 35.80 + 1.20 51.58 4+ 1.65
.,....va 5 Dichromate 0.18 ¥ 0.03 2.38 + 0.10 5.1 * 0.19 17.99 3 0.63 25.71 * 0.89 20.89 *0.72  5.29 ¥ 0.20 26.18 * 0.90 51.89 % 1.68
! Chromic 0.54 + o.04 2.22 £ 0.11  5.48 ¥ 0.20 14.07 * 0.4%9 22,11 % 0.78 17.33 ¥ 0.61 6.35 ¥ 0.23 23.68 * 0.82 45.79 ¥ 1,55
o —

23z Chromate '0.26 + 0.03 2.97 £ 0.12 3.92 4 0.16 15.32 + o.53 22,47 + 0.77 22.34 + 0.78 h.05 4+ 0.26 26.39 * 0.90 48.86 4+ 1.66
i 10 Dichromate 0.53 ¥ 0.0k 3.10 £ 0.13 4.71 % 0.18 21.0:1 *0.72 29.35% 1.01 2208 +0.78  4.80 ¥ 0.19 26.88 X 0.94% 56.23 % 1:90
°3 Chromic 0.49 + 0.04 2.07 ¥ 0.09 3.25 * 0.1% 16.12 ¥ 0.55 21.93 + 0.77 17.80 ¥ 0.62 11.77 T o.39 29.57 » 1.01 “51.50 ¥ 1.%95
- d sl . . * X x
Tk Chromate  0.21 » 0.04 2.43 4 0.11. &4.00 £ 0.16 20.21 4+ 0.70 26.85 4 0.52 22.54 % 0.79 10.21 4 0.35 32.75 4+ 1.12 59.60 + 2.00
] 50 Dichromate 0.33 ¥ 0.05 2.92 % 0.13 4,49 ¥ 0,16 -17.08 * 0.60 25.27 ¥ 0.84 13.42 *0.48 12,04 T 0.3h 25.45 * 0.88 :50.73 ¥ 1.71
s Chromie 0.31 + 0.05 3.37 ¥ 0.1k 5.2¢ > 0.19 17.82 ¥ 0.61 26.76 2 0.92 14.45 T 0.51 24.10 X 0.82 38.55 3 1.32 65.31'% 2.20
mm (<] o 0.62 + 0.05 4.47 + 0.17 7.80 * 0.27 28.62 1+ 0.98 41.51 > 1.42 22,96 + 0.82 15,21 X 0.54 38.17 4+ 1.32 ‘.\.o.mm.u. 2.69

= . - -

.um_ Chromate  0.49 + 0.06 4.01 * 0.1k 9,59 4 0,33 45.88 2 1.53 59.97 + 2.02 21.23 % 0.75 10.73 + 0.40 31.94 * 1.11 191,91 4 3.09
Tl 5 Dichromate 0.20 ¥ 0.04 2.71 * 0.11 8,03 ¥ 0.28 18.10 +0.62 29.04 ¥ 1.00 18.20 £ 0.65 11.38 T 0.41 29.58 *1.02 158.62 + 1.98
ke Chromic 0.41 ¥ 0.05 4,25 + 0.16 8.44 M 0.29 41.71 * 1.81 54,81 + 1.8% 16.90 + 0.60 11.66 + 0.42 28,56 * 1.00 i83.37 + 2.82
o

AR Chromate 0.38 + 0.05 4.11 +0.15  6.00 4+ 0.22 41,77 +1.40 52,26 4+ 1.77 18.63 2 0.66  9.84 4+ 0.34 28.47 , 1.01 i80.73 + 2.70
e 10 Dichromate 0.68 ¥ 0.07 4,13 +£0.15  7.30 ¥ 0.26 31.25 *1.06 43,41 T 1.35 18.6% *0.65. 5.73 % 0.23 24.49 * 0.85 [67.81 * 2.22
o * Chromie 0.30 + 0.04 3.26 ¥ 0.13 6.87 *+ 0.24 46.18 ¥ 1.55 s56.61 *1.90 21.78 3 0.75 95.1% + 0.32 30.94 ¥ 1.07 [87.55 + 2.93
5 Chromate  0.37 + O.04 4.41 +0.16 7.50 + 0.27 21.53 + 0.72 33,81 *1.15 16.16 + 0.58 22.30 X 0.78 38.46 + 1,34 '72.27 + 2.44
Ll 50 Dichromate.0.20 ¥ 0.04 3.59 *0.15  9.14 ¥ 0.33 21.26 0.7 3419 ¥ 1,17 17.46 + 0.61 18.41 ¥ 0.64 35.87 *1.21 70.06 ¥ 2.35
°s Chromic 0.28 + 0.04 4 4§ x 0.15  7.37 ¥ 0.26 41.59 > 1.4 53.70 % 1.81 24.56 ¥ 0.85 21.55 + 0.75 46.11 * 1.57 99.81 ¥ 3.3%
L 0 0 0.32 + 0.04 3.33 + 0.1 9.9 £ 0.34 13.77 + 0.48° 27.33 + 0.93 22,74 4+ 0.78 26.25 * 0.88 48.99 4 1.63 76.32 * 2.53
L E
L3 Chrowate 0.32 + 0.05 3.61 +0.13 2,33 + 0.11 14.64 + 0.48 30.90 » 1.05 22,36 +0.78 9,54 4+ 0.36 31.90 *1.12 62.18 + 2,14
o E 5 Dichromate 0.32 ¥ 0.0k 2.98 £ 0.1 10.10 ¥-0.34 19.09 % 0.66 32.49 ¥ 1,12 18.52 2 0.65 4,78 ¥ 0.18 23.30 2 0.82 55.79 Y 1.90
.x_m Chromic 0.28 + 0.04 3.84 2 0.13 11.26 + 0.38 12.25 2 0.42 27,63 ¥ 0.95 22.62 + 0.79  7.29 3 0.28 29,91 *1.03 57.54 1.96

A - Chromate 0.42 + 0.05 3.09 + 0.12 13.s9 2 0.5 15.36 3 0.50 32.46 5 1.11 16.03 + 0.57  7.58 4+ 0.30 23.61 + 0.82 56,07 4 1.90
&5 10 Dichromate 0.35 ¥ 0.0k 3.19 £ 0.11  8.64 ¥ 0.30 9.12 + 0.32 21,30 ¥ 0.74 22,95 + 0.80 7.37 ¥ 0.27 30.3& ¥ 1.05 51.64 % 1.75
°7 Chromic 0.28 + 0.04 3.31 ¥ 0.13 8.44 2+ 0.29 25.82 1 0.81 37.85 + 1.30 24.38 ¥ 0.83 7.59 % 0.30 32.07 ¥ 1.10 69,92 * 2.35
n
2 Chromate  0.38 + 0.04 3.94 % 0.14 10.70 + 0,36 11.47 + 0.38 26.49 * 0.91 14,54 4 0,52 g, 98 X 0.32 23,52 4+ 0.81 50.01 + 1.70
oA 50 Dichromate 0.49 ¥ 0.05 3.11 + 0.12 8.49 % 0.30 20.82 ¥ 0.67 33.36 + 2.14 23,20 + 0.82 25.66 5 0.90 43.36 X 1.67 82.22 7 2.79
cs Chromic 0.24 + 0.0k 3.95 ¥ 0.15 9.01 % 0.31 17.25 + 0.55 30.h5 X 1.06 20,71 ¥ 0.71 11.14 + 0.40 31.85 Y 1.10 62.30 T 2.10
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Carbohydrate Content :

Table 4 a and Fig. 4 show that previous spraying with
chromate seemed to exert no effect on the total carbohydrate
content of 5 weeks old Datura stramonium leaves whereas di-
chromate stimulated and chromic inhibijted carbohydrate accu-
mulation; particularly with previous application of the larger
doses. The increase was less apparent while the decrease was
more prominent with 50 x 10'5 M Tevel. Under all conditions,
starch increased; more prominently with previous applications
of dichromate whereas other hexosans decreased, except with
larger total carbohydrate accumulation where a noticeable in-
Crease was observed at 10 x 10-5 M dichromate.

Similarly the total soluble sugars content was low, as
@ result of inhibjted accumulation of sucrose except with pre-
vious applications of 50 X 10-5 M dichromate where the remark-
able increase in sucrose content favoured a high total soluble
sugar content.

With progress of age, previous treatment with chromate
or dichromate were always stimulatory whereas chromic ions
were inhibitory to tota] carbohydrate accumulation, particularly
at their larger doses. Still, dichromate favoured the largest
accumulation of sucrose and hexoses, that was furthered with
rise of concentration. Starch also increased, more prominently
with previous application of smaller than larger doses of the ion;
whereas the other hexasons seemed unaffected.

The stimulatory effect of chromate was less apparent on
soluble components, with progress of age and/or concentration
of the previous treatment. Nucleoprotein pentoses decreased
whereas starch or uronic acids were not affected but other
hexasons remarkably increased. In the meantime , the retard-
ing effects of chromic ions were most apparent in the other




Table 4a: Effect of previous leaf Spray with various concentrations of different chromiuz ions on the carbobydrate content of leaves of Datura stramonium,
during the growth season of the produced seeds. (mg per 1 g dry weight of leaves).
. Concent- . Total Nucleo- . Total Total
)W@ in ration nwﬁ.,n.._swcs Hexoses Pentoses Sucrose soluble protein QOM”MN . Starch UQMMMnMu Cﬁmen poly- corbo
ays x 1077 M ron sugars Pentoses pen an ® acids saccharides hydrate
[¢] o 5-0240.19 3.79+0.15 18.90+0.61 27.7140.92 4.58+0.18 6.59+0.24 12.45+0.42 36.54+1.25 10.51+0.36 70.67+2.36 98.38+3.19
e Chromate 7.07+0.25 3.9840.16 8.054+0.28 19.1040.65  4.44+0.17 8. 5520.30 21.7240.74 36.84+1.24  8.47.0.29 80.07+2.68 99.12+3.30
K 5 Dichromate 4.86+0.18 2.82%0.12 13.55+0.45 21.23%0.73 4.014+0.16 8.6470.31 25.01+0.86 17.07%0.58 9.9040.34% 64.6332.16 85.86+2.88
ﬁuu Chromic 2.37+0.11 2, muho 13 12.35+0.41 17.65+0.62 5.33+0.20 8. f.Ho.nw 22.20+0.75 um.umﬂp.uo 7.61+0.27 81. m?n 72 cw.uwﬂu.uu
Pel
Hlmc“ Chromate 10.28+40.35 2. 03+40.11 12.314+0.42 24.6240.85 3.40+0.14 8.58+0.29 21. 0340.71 16.5640.57 14, 08+0.48 63.65+2.13 88.27+2.96
LR 10 Dichromate 10.3430.34 1.0630.07 14. 7920.51 26.1930.90 5. 6930.21  8.6130.30 28. 90+0.98 16.78+2.22 8. 93+0.31  118.9133.96 14s. 1074.82
Si3 Chromic 2.1630.10 1.5230.07  8.9450.31 14.62+0.47  5.2740.20  7.69%0.28 20. 1030.68 28.8430.97 5. 0630.19 66.6632.24  79.2832.65
m Chromate 7.2840.26 1.1440.08  7.7740.27 16. 1920.55  3.9140.16  6.93+0.25 28. 5620.97 33.71+1.12  7.4440.26 80.55+2.69 96.74+3 .22
50 Dichromate 6.3630.23 1.7130.08 42.26%1.42 so0. 33%1.69 6. 25%0.23 7-4230.27 23. 9240.81 37. 97+%1.27 9.93+0.33 79.50%2.58 129.8374.32
Chromic 3-113+0.13 2.01+0.10 14.6470.48 19, 7630.68 3. 1930.13 6. 2330.24 20.8230.71 16. 52+0.57 4.0830.16 50.84+1.69 70.60+2.36
o o] o 4.19+0.16 3.184+0.13 18.1740.60 25.54+0.87 5.63+0.20 8.74+0.30 19.27+0.66 48.76+1.65 9.67+0.33 92.07+3.06 117.61+3.95
1. . Chromate 6.83+0.25 3.4740.14 18.06+0.59 28, 36+0.96 4.17+0.17 11, 89+0.40 19. 1240.64 47.89+1.62 8.2240.29 91.29+3.03 119.65+4.00
SE. 5 Dichromate 4.88%0.1% 3.69+0.15 21.5730.72 30.14%1.04 3.5430.14 12, 96+0.43 26, 31+0.88 21. 37%0.73 7.8170.28 71.9922.40° 102.13%3.39
e Chromic 3.0230.13 2.9530.12 14. 69+0.49 20.6630.71 4, 9230.19 11. 0720.37 15.4330.53 59, 36+1.98 8.7240.31 99.50+3.33 120.16%4.00
;O Chromate 8.84+0.30 2.65+0.12 14.4240.48 25. 9140.86  3.1140.13  9.93+0.3% 19. 72+0.66 23.72+40.80 11.7140.40 68.19+2.28 94.10+3.12
7S 10 Dichromate 8.73%0.31 1.03%0.06 25.62+0.86 35.3831.21 5, 6130.22 10.6230.36 26. 63+0.90 54.6371.82 8.0540.28  105.5533.52 1k40. 93+4.68
ECRd Chromic 2.4250.11 1.4250.07 10.23+0.36 14.0730.49 3.5930.14 10. 4230.35 20.4730.72 45.01%1.53  6.35%0.23 85.84+2.87 99.91%3.33
o - Chromate 5.80+0.22 2.33+0.11 12. 3510.43 20.4840.73  2.2440.09 9, 9820.34 18.5640.66 55.97+1.89 9.32+40.33 96.07+3.21 116.55+3.89
~ 50 Dichromate 6.3950.2hk 2.2030.10 38.2631.29 46. 85+1.60  6.62%0.23 1o0. 2030.36 27.6830.95 55.26+1.88 11.0270.38 130. 7833.69 '157.63%5.25
Chromic 3.2630.14 3.7750.1% 23. 1830.79 30.21F1.04 3. 8430.15  8.05%0.28 19.30+0.65 32.1131.09  5.56%0.21 68.86+32.31 99.07+4.33
(o] [ 3-70$0.15 2.8820.13 17.4830.60 24.06+0.85 7.02+0.24 12.7140.35 14.93+0.59 69.38+2.32  8.614+0.30 112.6523.75 131.71+4.59
°
h_ Chromate 5.43+0.20 2. 63+0.12 33.2541.13 41.31+1.43 3.23+0.14 14.4840.46 16.50+0.60 83.97+3.1) 7.0540.26 125.23+4.17 166. 4545.59
. 5 Dichromate 5.7430.21 3.2270.13 32.83s1.12  41.7931.45 2, 55+0.11 15, 3830.56 27. 0830.92 67.74%32.26 8.08+0.28  120.8374.02 .0162.6235.48
HEY Chromic 4.2730.16 3.85%0.15 26.48+0.88 34.50+1.17  3.1830.13 13. 07+0.45 18.0520.61 66.1832.22  6.11%0.23 106.59+3.57 141.09+4.73
wa T Chromate 6.8640.24 2.4940.11 16. 51+0.56 25.86+0.89  3.0740.12 10.81%0. 35 18.4940.63 42.35+1.41 9.88+0.34 84.60+2.82 110.46+3.77
negx 10 Dichromate 7.1370.25 2.8830.12 38. 89+1.31 48.9031.96 5. 5430.20 12.6930.43 18.2270.62 68. 60+2.30  5.84%0,22 110.89+3.69 159.79%5.64
Irs Chromic 3.7920.15 2.4530.10 14. 61+0.50 20.85+0.72 13.7330.46 14, 86+0.49 19.9470.69 62.21%2.12 8. 84+0.31 109.58+3.65 130.43+4.35
@ ot
T3 Chromate 4.4240.17 3.31+0.14 23, 73£0.81 31.5631.11  2.5640.10 13. 60+0.45 15.1540.52 99.264+3.11 8.96+0.32  139.53+4.65 171. 09+5.77
[=} 50 Dichromate 7.74+0.28 3. 19+0.13 33. puow 12 44.06+0.51 5. eo+o 19 14, i?o 50 18.25+0.65 76. nm;n 55 9.42.0.33 123. mut. 12 167. uut. 61
~ Chromic 4.81+0.19 4.2170.17 31. 5431,07 40.56#1.42 © 4.9370.19 11. 4370.38 15.75+0.54 49.50+1.65 7.78+0.28 89.3932.98 129, 95+4.38
- o o 3.83+0.15 1.4740.07 16.30+0.56 23.6040.77 6.5040.23 12.7240.45 10.03+0.37 85.83+2.20 7-8140.27  128.89+4.29 152.49+5.05
& Chromate 3.81+0.14 2.9040.12 20.8340.70 27. 5410.95  3.7040.14 16.09+0.55 12.32+0.45 82.7042.75 9.4640.33  124. 27+4.13 151.814+5.07
wes 5 Dichromate 4.25240.17 3.06%0.13 23. 5430.80 30.85»1.08 3.1540.13 17.61+0.61 29.15+0.99 83.8332.79 8. 95+0.31 142, 69+4.75 173.54+5.81
28 Chromic 4.100.16 3.5130.1% 16. 6630.57 24.2740.86 2.75:0.12 15.7430.54% 15.01370.52 82. 98%2.77  7.6630.26 124, 1435.11  148.413%.98
Guuu Chromate 5.4240.26 2. 95+0.12 18.04+0.61 26. 41+0.98 3-.3320.13 13.7240.48 19. 16+0.65 63. 67+2.12 10. 28+0.35 110.16+3.64 136. S7+4.61
o 1o Dichromate 5.0730.19 3.89x0.15 27. 77+0.94  36. 73%¥1.26 5. J2+0.19 14.00+0.49 15, 7830.56 72.1332.39 5. 85+0.22  113.0833.77 1k9. 8135.07
nhe Chromic 4.17¥0.17 3. 1730.13  29. 62+1.00 36.9231.29 &, 0130.15 18, 77+0.64 18. 43%¥0.65 75. 93+2.55 10.0930.34 127, 2334.24 164.15%5.50
Tx Chromate 3.2640.14 3.26+0.13 13.75+0.47 20. 2720.75  2.77+0.11 15.68+0.56 16. 60+0.58 121.53+4.04 9. 50+0.33  166.08+5.46 186.35+6.22
S 50 Dichromate 6.9840.24 3.54%0.14 35. 7731.20 46.2931.57 3. 3470.13 17.8130.62 12.4050.h4 92. 1533.09 10.4330.36  136.11%4.53 182.40+6.11
Chromic ° 5.1230.18 5.12+0.19 16. 90+0.58 27.1430.93 3. 2550.13 16. 37+0.57 13.0230.45 62.1032.08 9.8750.33  104.61%3.28 131.75+4.22
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hexasons component, with little increase in soluble pentoses
and other pentasons.

Table 4 b and Fig. 4 show that the first soil applica-
tion equally lowered the total carbohydrate content of Datura
stramonium leaves irrespective of type and/or concentration of
chromium ions except chromate or dichromate, at 5 x 10'5 M con-
centration, that exerted almost no effect.

Repeated soil treatment with 5 x 10'5 M chromate ions neg-
ligibly affected the total carbohydrate content of the leaves
whereas the larger doses induced almost similar inhibitory
effects. On the other hand, though dichromate or chromic ions
were less inhibitory or even slightly stimulatory to carbohydrate
accumulation, after the second application, yet the third app-
Tication of the jons favoured similar inhibitory effects to
those of chromate ijons.

Under all conditions, the drop was largely apparent in
nucleoproteins, pentoses and other hexosons, followed by suc-
rose whereas other pentosans largely increased after the first
treatment. Chromic ions were particularly effective in lower-
ing the starch content of the leaves with minor effect on the
sucrose level,

Phosphorus Content :

Table 5 a and Fig. 5 show that previous spraying with
various concentrations of chromate ijons favoured a better acc-
umulation of phosphorus in the leaves; more prominently at the
later stages of growth; soluble organic and/or other insoluble
phosphorus participating in such event. Pretreatment with di-
chromate ions initiated the largest accumulation of phosphorus;
particularly with progress of age of the plants whereby the
whole increase was mainly in the soluble organic forms. Such
effects were furthered with increasing the concentration of




Table 4b: Effect of soil treatment with various concentrations of different chromium ions on the carbohydrate content of leaves of Datura stramonium, during
the growth season. (mg per 1 g dry weight).
. Concent- . Total Nucleo- Total Total
Age in ration nan.vn_ch Hexoses Pentoses Sucrose soluble protein OMTnﬂ Starch h Other chM&.n Poly- carbo-
days x 10-5 M ion sugars pentoses Pentosans eXxosans acids saccharides hydrates
35 0 o 5.02:0.18 3.19:0.15 18.9040.66 27.7040.97 k.58+0.19  6.59+0.24 12.45+0.44 36.54+1.23 10.51+0.35  70.67+2.40 98.38+3.32
. o [} 4.1940.16 3.18:0.1% 18.67+0.54 25.54+0.81  5.63+0.22  8.744+0.29 19.27+0.67 38.76+1.65 9.67+0.32 92.0743.10 117.61+3.87
h~m Chromate 1.13+40.07 1.3840.06 14.2440. 50 16.75+0.61 4.3140.18 17.1040.59 13.68+0.48 52.39+1.76 6.98+0.25 94.56+3.20 111, 21+3.80
LY E 5 Dichromate 1.88370.09 2.82%0.15 33. 773104 37.47%1.20 4. 7730.19 19.9650.65 27.7470.94 17.1870.59  9.2230.32 78.87+2.68 116.3433.95
.3 Chromic 1.1840.07 1.73%0.08 12. 5830.45 15.49%0.58 5, 3030.20 13.93%0.49 12.85+0.45 23.7520.80 4. 8430.17  60.6732.10  76. 16+2.67
nedf Chromate 1.79+40.09 1.94+0.09 15.45+40.52 19.18+0.70 6.4440.24 10.7740.38 31.46+1.06 19.18+0.65 10.42+0.36 78. 27+2.65 95.55+3.36
Ttk 10 Dichromate 2.0230.09 2.8230.12 12.2170.47 17. 0530.65  4.4130.17 15. 77%0.55 20.4170.70 13.5330.47 12.0170.h0  66. 13%2.25 83.1872.85
»wo Chromic 1.89+0.08 1.4430.08 13. 8130.47 17.1430.60 4.8240.18 12.98%0.45 10.78+0.38 31.0171.05 7. -1250.25  66.71%2.25 83, 85+2.87
Mn Chromate 2.3740.11 2.0140.10 14.33+0.51 19.71#0.70  5.2540.19 20.39+0.69 19. 0340.65 19.80+0.67 7.3040.26  71. 77+2.45  91.4843.14
=" 50 Dichromate 1.85+0.09 1.4730.07 12.59+0.43 15.91+0.57 3.9640.16 19.1140.66 24.52%0.85 18.0140.61  8.81+0.30  74. k172,52 90.32+3.06
Chromic 2.0240.10 1.7240.08 12.28%0.42 16.02+0.58  3.8240.15 15.08+0.53 12.7870.44 27.80+0.94  7.04%0.24  66. 52%2.25 82.5472.81
o o 3.70£0.09 2.8840.13 17.48+0.57 24.06+0.80 7.02+0.26 12.71+0.44 14.9310.52 69.38+2.34 8.61+40.28 112.651+3.80 136.71+4.59
o
.m_w Chromate 2.76+0.12 3.2240.14  17.7640.62 23.7440.85 5.0340.19 14.73+0.51 14, 93+0.53 68.49+2.29 5.45+0.21 x08. 63+43.66 132, 37+4.48
- . 5 Dichromate 3.5870.14 2.99+0.14 20.5130.72 27.08%0.97 4. 65+0.18 18. 9030.66 17. 01¥0.60 37. 475,27 6.75+0.23 © 84.7832.85 111. 86+3.85
§*E Chromic 4.2430.16 2.7530.13 27.8530.95 3k. 8431.21  4.9130.19 12.7130.43 7. 0230.25 53.70%1.B0 7.09:0.2h  B85.4332.90 120.27%k.10
bt -]
ﬁumM Chromate 3.2040.13 3.17+0.13 . 18, 70+0.65 25, 07+40.90 7.22+0.27 11.83+0.41 18. 95+0.65 37. 71+X.26 9.2940.32 71.00+2.61 92.87+3.47
- 10 Dichromate 3.3530.1k 3.0730.12 15.2030.5h 2%. 6230.78 &, 0230.16 15.90v0.55 14.2130. 50 46.55+1.56 10. 83+0.35 91. 61+3.13 113. 43%3.89
2 5%% Chromic 3.9270.15 2.2640.11 15.9730.55 22. 15+0.80 4. 74+0.18 12.8370 44  8.47+0.29 81. 70+0.93 8. 4630.29 116. 2073.91 148. 35+4.73
o i
e Chromate 3.6910.15 2.62+0.12 11. 9650.47 18.27+40.69 6.41+0.25 17. 9410.62 17.2040.10 23.12+0.75 9.5220.33  74.19+2.31  92.4642.97
o 50 Dichromate 2.9170.13 2.38%0.11 32.72%1.12 38. 01%1.33 3.04+0.14 13.9970.49 18. 85+0.65 48.29%1.63 7-2240.27  91.39+3.11 129.40%k.42
- Chromic 2:64%0.12 1.79+0.09 11.54+0.41 15. 97+0.58  3.02¥0.13 13. 7270.45 9, 64+0.35 so. 4171.70 7.94+0.28  84.73%2.85 100.70+3.41
o (o] 3.8320.15 1.47.0.08 16.3050.58 23.60+0.81 6.50+0.24 12.7240.45 10.03+0.34 85.83+2.86 7.81+0.24 122.89+4.25 146.49+5.05
..mw Chromate 3.91+40.16 1.68+0.09 13.74+0.48 19, 33#0.70  3.5240.15 16.6840.58 16. 93#0.59 85.36+2.85 6.47+0.23 128.66+4.31 147.99+5.07
- . 5 Dichromate 5.35+0.20 1.8220.09 14.4070.50 21i. 3.0 78 &, mw,.,o 18 19.1650.85 14, m?o 51 28. a?o 98 m .\.fo 21 73.12+2.50 94.69+3.25
5*E Chromic 3.72:0.15 2.1930.11 14.1730.51 20, 08%0.75  5.44%0.20 12.8820.43  8.9230.31 34. 93+1.20 7.70+0.27 69.87+2.35 89.95:3.06
N 2o g
bumm Chromate 2.38+0.11 1.4140.07 11.50+0.41 15.29+0.55 8.87+0.30 12. 51+0.41 10.4240.35 58. 65+1.95 10. 61+0.36 100. 972+3.41 116.26+3.93
no 10 Dichromate 4.0430.16 1.97%0.10 12.4630.43 18.4730.66 4. 01%0.15 16.0150.52 10. 9240.35 51.8331.75 11. 07+0.38  93.8433.15 112. 3133.77
X Chromic 4.6030.17 1.6430.09 15.4140.53 21.6530.77  3.1130.13 13. 6630.46 6. 98+0.25 69.7432.35 8. 8730.31 102.36%3.45 124, 01%4.21
T N
ok Chromate 5.1320.19 2.01.0.11  8.05+0.29 15. 19+0.56  8.84+0.31 12.00+0.40 15. 18+0.54 47.92+1.60 10. 23#0.35  94.17+3.21 109.36+3.75
- 50 Dichromate 3.60+0.15 2.5130.12 19. 93:0.71 26. 0430.92 1.90+0.08 14.16+0.46 14.9430.52 54.45+1.82  6.9970.25 92.4%+3.12 118.08+4.04
Chromic 3.6920.15 2.4930.11 13. 6230.46 19, 80+0.70 2.0740.10 12.7730.42 8.96%0.31 71.18+2.37  6.4170.24 101.39%3.41 121.19+4.14
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dichromate ions to 10 x 107° M then slightly declined at the
larger doses.

On the other hand, previous treatment with chromic ions
seemed to exert minor effects on total phosphorus content ex-
cept 10 x 10'5 M concentration where a slight increase was
apparent mainly in the solyble organic forms; particularly
towards the end of the experimental period,

Table 5 b and Fig. 5 show that the first soil treatment
with either chromate or chromic jons seemed without effect on
the various phosphorus components of Datura stramonium leaves
whereas dichromate ions stimulated total phosphorus accumula-
tions; particularly with application of the larger doses; the
increase being mainly in the soluble organic component. The
second soil treatment with chromate or chromic jons though
hardly affected the total- phosphoruys content of the leaves yet
the inorganic phosphorus level largely increased on the expense
of soluble organic and/or other insoluble phosphorus. The
second soil treatment with dichromate jons largely increased
the phosphorus content as a result of increased inorganic phos-
phorus component; more prominently with large dose applications.

The third application of chromate or chromic ions to the
soil favoured a drop in total phosphorus particularly from the
soluble organic form, On the other hand, the third so0il treat-
ment with dichromate ions was still stimulatory to phosphoruys
accumulation as a result of increased levels of inorganic
coupled with a drop in soluble organic phosphorus, components.
Such phenomenon faded with increased concentration of the jon
but the increased inorganic phosphorus on the eéxpense of soluble
organic forms stijll prevailed,




Table 5b: Effect of soil treatment with various concentrations of different chromium ions on the phosphorus content of leaves of Datura
stramonium, during the growth season. (mg per 1 g dry weight of leaves).

. Concent- . . Soluble Total Other Total
Age in ration OFHO.EP..:: Inorganic organic soluble RNA DNA insoluble insoluble Total
days -5 ion P P P P P P P P
x 10 M

35 0 o 0.92 + 0.05 0.81 + 0.05 1.73 + 0.08 2.64 + 0.11 0.80 + 0.04 0.42 + 0.0k 3.86 + 0.16 5.59 + 0.21
o 0 1.00 + 0.05 0.82 + 0.05 1.82 + 0.08 1.23 + 0.07 1.17 + 0.06 0.53 + 0.0 2.93 + 0.14 4,75 + 0.18

> * hd ot hd hd
_mrm . Chromate  0.76 + 0.04 0.94 + 0.05 1.70 + 0.07 2.02 + 0.08  0.87 + 0.04 0.31 + 0.03 3.20 + 0.14  %4.90 + 0.19
o E 5 Dichromate 1.12 + 0.05 1.13 ¥ 0.06 2.25 ¥ 0.09 1.4l + 0.07 1.08 + 0.05 0.47 + 0.04 2.96 ¥ 0.14 5.21 % 0.22
& =3 Chromic 0.94 + 0.05 0.66 + 0.04 1.60 ¥ 0.07 1.66 + 0.08 0.75 ¥ 0.0k 0.26 T 0.03 2.67 *+ 0.13 4.27 ¥ 0.19

# 2 E = = = = =

u.in.mm Chromate 1.0l + 0.05 1.30 + 0.06 2.31 + 0.09 1.88 + 0.08 0.95 + 0.05 0.20 + 0.03 3.03 + 0.13 5.3% + 0.20
oS 10 Dichromate 1.22 + 0.06 1.38 ¥ 0.06 2.60 + 0.10 1.50 ¥ 0.07 1.55 + 0.07 0.44 + 0,04 3.49 + 0.16 6.09 + 0.23
= Chromic 0.83 + 0.04 0.74 ¥ 0.0k 1.57 ¥ 0.07 2.10 + 0.08 0.53 + 0.04 0.29 + 0.03 2.92 ¥ 0.13  4.49 + 0.18
b Chromate 0.91 + 0.05 1.18 + 0.06 2.09 + 0.08 0.8% + 0.05 1.03 4+ 0.05 0.27 + 0.03 2.14 + 0.12 4,23 + 0.18
g 50 Dichromate 1.21 + 0.06 2.43 ¥ 0.10 3.64 ¥ 0.13 1.33 + 0.06 0.92 + 0.05 0.36 + 0.03 2.61 % 0.12 6.25 * 0.23

Chromic 0.89 + 0.04 0.80 + 0.05 1.69 + 0.07 1.41 + 0.06 0.77 + 0.04 0.71 + 0.04 2.89 + 0.13 4.58 + 0.18
0 o 0.98 + 0.05 1.30 + 0.06 2.28 + 0.10 1.21 + 0.06 1.12 + 0.00 0.83 + 0.05 3.16 + 0.14 5.4k + 0.21
kel
nm_m Chromate  1.15 + 0.05 1.27 + 0.06 2.42 + 0.09 0.94 + 0.05  0.99 + 0.05 0.54 + 0.04 2.47 + 0.12 4.89 + 0.19
WEe 5 Dichromate 1.81 + 0.07 0.93 ¥ 0.05 2.74 ¥ 0.10 1.82 + 0.07  0.96 + 0.05 0.50 &+ 0.04 3.28 ¥ 0.15 6.02 + 0.22
) M E] Chromic 1.52 + 0.06 0.86 ¥ 0.05 2.38 ¥ 0.09 1.51 ¥ 0.07 0.94 =+ 0.05 0.34 + 0.03 2.79 + 0.13 5.17 + 0.20
+ £ - - hand = - _

n%SE Chromate 1.57 + 0.07 0.78 &+ 0.05 2.35 + 0.09  1.35 +0.06 1.40 + 0.07 0.23 + 0.03 2.98 + 0.14 5.33 s 0.21
Ry 10 Dichromate 1.84 + 0.07 0.9% ¥ 0.05 2.78 ¥ 0.11  0.97 +0.05 1.36 + 0.06 0.61 + 0.0k 2.94 ¥ 0.1k 5.72 + 0.23
= 0% Chromic 1.37 + 0.06 0.59 + 0.04 1.96 ¥ 0.08 1.49 ¥ 0.07 0.87 % 0.05 0.40 + 0.03 2.76 + 0.13 4.72 ¥ 0.19
© - - e — b o o -

° & Chromate 1.22 + 0.05 1.13 + 0.05 2.35 + 0.09 1.08 £ 0.05 1.22 + 0.06 0.51 + 0.04 2.81 + 0.13 5.16 + 0.19
g 50 Dichromate 1.99 + 0.08 1.37 ¥ 0.06 3.36 ¥ 0.13 1.18 +0.05 1.26 + 0.06 0.52 ¥ 0.0k 2.96 ¥ 0.1% 6.32 ¥ 0.25
Chromic 1.31 # 0.07 0.61 + 0.04 1.92 ¥ 0.08 1.25 +0.06 0.90 + 0.05 0.92 ¥ 0.05 3.07 % 0.14 4.99 + 0.21
o 0 1.48 + €.07 1.67 + 0.08 3.15 + 0.13 0.86 +0.05  1.16 #+ 0.06 1.13 + 0.06 3.15 + 0.14 6.30 + 0.23
o
sz Chromate 1.26 + 0.06 0.64 + 0.04 1.88 + 0.08 0.79 + 0.04 0.86 + 0.05 0.76 + 0.05 2.41 + 0.12 4.29 + 0.18
W g 5 Dichromate 3.47 + 0.13 0.88 ¥ 0.05 4.35 ¥ 0.16 1.18 * 0.06 1.22 3 0.06 0.58 *¥ 0.0 2.98 ¥ 0.1% 7.33 + 0.27
b ” 3 Chromic 0.95 + 0.05 1.06 + 0.05 2.01 ¥ 0.08 1.03 + 0.05 1.16 % 0.05 0.39 ¥ 0.03 2.58 + 0.12 4,59 + 0.19
+ oo — — — = -

%S E Chromate 0.88 + 0.05  0.53 + 0.0k 1.41 + 0.06 1.10 + 0.05 1.72 s 0.07  0.23 + 0.03  3.05 + 0.13  h4.46 + 0.18
naH 10 Dichromate 2.20 + 0.06 0.61 ¥ 0.04 2.81 ¥ 0.08 1.09 % 0.05 1.40 ¥+ ¢.06 0.94 + 0.05 3.43 ¥ 0.1%  6.24 T 0.20
oAC Chromic €.93 + 0.05 0.32 + 0.03 1.25 ¥+ 0.06 0.97 ¥ 0.05 1.16 +0.06 0.36 ¥ 0.03 2.49 T 0.11 3.74 T 0.15
74 Chromate 1.98 + 0.08 0.85 + 0.04 2.83 + 0.11 1.30 + 0.06  1.40 » 0.06 0.69 + 0.04 3.39 + 0.14  6.22 + 0.23
s 50 Dichromate 2.46 + 0.10 0.65 ¥ 0.04 3.11 ¥ 0.12 1.20 +0.06 1.62 +0.07 ©.78 ¥ 0.05 3.60 + 0.16 6.71 + 0.25

Chromic 1.1% + 0.06 0.36 + 0.03 1.50 + 0.07 0.96 + 0.05 0.92 + 0.05 0.85 + 0.05 2.73 + 0.12 4.23 + 0.17
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C - COMPARATIVE EFFECTS OF PREVIQUS LEAF SPRAY WITH VARIOUS
CONCENTRATIONS OF DIFFERENT CHROMIUM IONS WITH THE EFFECT
OF SOIL TREATMENT WITH THE SAME CHROMIUM IONS LEVELS ON
THE ALKALOID CONTENT OF DATURA STRAMONIUM LEAVES DURING

THE GROWTH SEASON.

In this experiment, the leaves of 10 - 15 plants from
each treatment were collectively dried in open air, in the
shade, till constant weight. These were thoroughly ground and
5 replicates,l g each, were extracted and analysed. Replicate
samples were dried at 100°C for calculation procedures.

RESULTS

Table 6 and Fig. 6 show that previous spraying with the
various chromium salts favoured a Tower total alkaloid content
of leaves than that of controls; chromic ions were least whereas
dichromate ions were most effective. Under all conditions, in-
hibition was furthered with rise of chromium ion concentration.
With progress of age, the pretreated plants still accumulated
lTower amounts of alkaloids than the controls with minor diffe-
rences due to type and/or concentration of chromium ion.

Similarly, application of chromium ions to soil was sup-
pressive to alkaloid accumulation in Datura stramonium leaves;
a phenomenon that was furthered with rise of concentration under
all conditions chromate was least and chromic was most effective.
Repeated soil treatment, with chromium ions hardly affected
the alkaloid content of leaves, with less deleterious effects
of chromic compared with chromate ions. By the end of the
experiment, only the largest chromium dose seemed to be in-
hibitory whereas the lower concentrations almost exerted no

effect compared with the controls.




Comparative effects of previous leaf spray with various concentrations of different

Table 6:
chromium ions with the effect of s0il treatment with the same chromium ions levels
on the total alkaloid content of Datura stramonium leaves, during the growth season.
(mg per 1 g dry weight).
Age in Concentration Chromium Total Age in Concentration Chromium Total
days x 107° M ion Alkaloid days x 1079 M ion Alkaloid
0 o] 2.66 + 0.13 0 o 2.66 + 0.13
g, Chromate 1.81 + o0.10 :’ﬁ Chromate
0 K & 5 Dichromate 1.50 + 0.10 o 5 Dichromate
933 Chromic 2.12 ¥ 0,11 %%, Chromic
L{\“DP [ = o E
FAR b‘%k Chromate 1.78 + 0.10 ﬂ " gg C}‘\romate
r*l'r'lf 10 Dichromate 0,92 + 0.07 ~HE 10 Dichromate
e Chromic 1.63 + 0.09 She Chromic
FEpaiY = + ma
S Chromate 0.80 + 0.07 S C v Chromate
~ 50 Dichromate 0.95 + 0.07 [N 50 Dichromate
Chromic 1.14 + 0.08 i Chromic
[0} (o) l1.92 + 0.10 0 o} 1.92 + 0.10
» = v,): —
e Chromate 1.30 + 0,08 al+ Chromate 1.82 + 0.10
. 5 Dichromate 1.20 ¥ 0.08 ~ 7§, 5 Dichromate 1.52 ¥ 0.09
KBk Chromic 1.85 ¥ 0.11 b b Chromic 1.41 ¥ 0.09
4+ B + 0
OwmP g Chromate 0.99 + 0.06 OwwE Chromate 1.68 + 0.10
Tegz 10 Dichromate 0.90 ¥ 0.07 < *;E 10 Dichromate 1.39 3 0.10
ois Chromic 1.07 + 0.08 nos Chromic 1.27 + 0.08
S5 Chromate  1.86 + 0.06 .8 X Chromate 1.55 + 0.09
" 50 Dichromate 0.75 + 0.06 " 50 Dichromate 1.44 ¥ 0.07
Chromic 0.95 + 0.07 Chromic 1.16 + 0.07
0 0 1.91 + 0.10 0 (0] 1.91 + 0.10
» »
w, Chromate 0.90 + 0.07 nlg Chromate 1.60 + 0.08
- 5 Dichromate 0.93 + 0.06 ~* 5 Dichromate 1.02 ¥ 0.07
g;g o Chromic 0.94 + 0.07 g 35' Chromic 0.89 + 0.06
NP A B N g9
s ‘N*; ] Chromate 0.79 + 0,06 % oA Chromate 1.17 + 0.07
5= 10 Dichromate 0.97 ¥ 0,07 7 E 10 Dichromate 1.03 ¥+ 0.07
2n g Chromic 0.74 + 0.06 2ok Chromic 0.91 ¥ 0.06
S5g Chromate 0.66 + 0.06 S7° Chromate 1.25 + 0.08
° 50 Dichromate 0.64 + 0.04 ok 50 Dichromate 0.90 ¥ 0.06
~ Chromic 0.93 + 0.06 ~ Chromic 0.98 + 0.06
(¢} o] 1.70 + 0.09 (o] (0} 1.70 + 0.09
o = o —
& Chromate 0.85 + 0.06 g'ﬁ Chromate 0.87 + 0.06
. 5 Dichromate 0.86 + 0.05 o 5 Dichromate 0.80 + 0.05
HEM Chromic 0.91 ¥ 0.06 bEL Chromic 1.61 + 0.08
NP Ny oo =
NH P @ Chromate 0.62 +0.05 nwow Chromate 0.88 + 0.05
o5 10 Dichromate 0.74 ¥ 0.06 935§ 10 Dichromate 0.9% % 0.06
%Eé Chromic 0.65 + 0.05 g‘g"é Chromic 0.83 + 0.05
Rl Chromate  0.47 + 0.04 o5 ° Chromate  0.97 + 0.0l
o 50 Dichromate 0.54 ¥ 0.04 ok 50 Dichromate 0.63 % 0.04
— Chromic 0.73 ¥ 0.05 A Chromic 0.81 ¥ 0.05
[e] (¢] 1.24 + 0.06 (o] (o] 1.24 + 0.06
'o’ o|a
% Chromate 0.61 + 0.04 e Chromate 0.93 + 0.05
HAN 5 Dichromate 0.84 ¥ 0.05 mg, 5 Dichromate 0.96 ¥ 0.06
5 g§ Chromic 0.91 + 0.05 f‘::g Chromic 0.91 + 0.05
S&Enh Chromate 0.48 + 0.0 3&3%F Chromate 0.98 + 0.06
©oE 10 Dichromate 0.64 ¥ 0.04 we 0 10 Dichromate 0.80 + 0.05
0 .o Chromic 0.51 + 0.04 n wé Chromic 0.81 + 0.05
=P = St O =
Sh7 Chromate 0.42 + 0.04 Sk Chromate 0.64 + 0,04
i~ 50 Dichromate 0.45 ¥ 0.0k " 50 Dichromate 0.52 + 0.04
Chromic 0.51 + 0.0% Chromic 0.91 + 0.06
[¢] o} 0.97 + 0.05 (o] 0 0.97 + 0.06
] o
2l Chromate 0.42 + 0.04 :‘\'ﬁ Chromate 0.85 + 0.05
. 5 Dichromate 0.63 + 0.04 o 5 Dichromate 0.94 + 0.05
hEN Chromic 0.81 + 0.04 bEg Chromic 0.81 + 0.05
P g3 —
ne b o Chromate 0.37 £+ 0.03 w©w o Chromate 0.82 + 0.05
e 10 Dichromate 0.4% ¥ 0.03 Y ©°7E 10 Dichromate 0.63 ¥ 0.09
;’Eﬁ Chromic 0.35 + 0.03 5?{’% Chromic 0.89 + 0.04
ot ;
SRR Chromate 0.35 + 0.03 L Chromate 0.42 + 0.0k
o 50 Dichromate 0.35 + 0.03 o X 50 Dichromate 0.41 ¥ 0.03
[l Chromic 0.32 + 0.03 ~ Chromic 0.73 + 0.04
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Table 7 and Fig. 7 show that valeroidine,meteloidine,
hyocyamine,hyosine and tropine were early formed within the
control leaves followed by oscine and tigloidine whereas bel-
Tadonine started to accumulate at later stages of growth.
Previous leaf spray with chromium ions remarkably increased
the tropine content with a severe drop in hyoscine, particu-
larly at later stages of growth. Towards the end of the ex-
perimental period, the large doses of dichromate depleted
the leaves of theirvtropine content with comparatively larger
accumulation of tigloidine, valeroidine, meteloidine or
hyoscyamine,

Furthermore, it seems that previous leaf spraying with
the chromium salts delayed the accumulation of alkaloid in
the second progeny lest unknown II, hyosine and tropine. In
most cases the alkaloid content was restricted to a fewer number
of components compared with the controls.

Similar trends were also observed following application
of the chromium ions to the soil. Towards the end of the season,
unknown III, valeroidine, meteloidine, and hyoscine were most
abundant whereas tropine and the rest of the alkaloids may be
missing particularly with dichromate application.
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D - COMPARATIVE EFFECTS OF PREVIOUS LEAF SPRAY WITH VARIOUS
CONCENTRATIONS OF DIFFERENT CHROMIUM IONS WITH THE EFFECT
OF SOIL TREATMENT WITH THE SAME CHROMIUM ION LEVELS ON
SEED YIELD BY DATURA STRAMONIUM PLANTS.

Table 8 and Fig. 8 show that previous spraying with Tow
concentration of the chromium jons insignificantly affected the
weight of both components of the capsule. Chromate or chromic
ions seemed to increase the weight of 100 seeds whereas dichro-
mate ions seemed without effect. Soil treatment with the same
doses highly stimulated the gain in dry weight of both components
of the fruits; chromate ions being most whereas dichromate being
least effective. Still, dry weight per unit seed largely increa-
sed with application of chromate but was indifferent to di-
chromate or chromic ijons.

Previous spraying with larger chromium ion doses slightly,
if at all, affected the dry weight of the capsule components
except chromic ions which caused an appreciable increase that
was furthered with rise of concentration of the ion to 50 x 10'5 M.
Increased dose of chromiun ions in the irrigation water prog-
ressively attenuated dry weight of the capsule components; more
prominently with addition of the anionic forms.

Under all conditions, soil treatment favoured better gain
of dry weight by the capsule, than previous leaf spraying.
Meanwhile, the ratio of seeds, per capsule, was almost unaffected
by any treatment whereas chromic ions increased the weight of
100 seeds.




Table 8 : Comparative effects of previous leaf spray with various concentrations of different
chromium ions with the effect of soil treatment with the same chromium ions levels
on fruit and seed weight of Datura stramonium.

Concentration . Wt.of 100 % seeds Mawﬁ% Seeds per Mean fruit

% HOlm M OUHMMM¢E MMmM&I seeds in capsule capsule weight
n (Mg) capsule (Mg) (Mg) (Mg)

o o Spray 478.5+8.0 63.3  106.9+ 3.8 182.2+ 6.1 289.1+ 9.6

Soil 478.5+8.0 63.3 106.9+ 3.8 182.2+ 6.1  289.1+ 9.6

Chromate Spray  511.84+8.4 62.5 121.0+ 4.3 201.8+ 6.7  322.8+10.7

Soil 553.8+9.2 68.3 315.0+11.5 677.5+22.9 992.5+33.8

A Spray 478.5+7.9 61.9 109.5+ 4.0 177.6+ 5.9 287.1+10.2

2 Pichromate o ;4 462.5+7.7 62.5 164.7% 5.9  27hk.4y 9.1  439.1%14.6

Chromsi Spray 568.8+9.8 58.9 128.7+ 4.7  184.2+ 6.2  312.9+10.8

mie Soil 497.5+8.3 58.9 237.5+ 8.6  313.1%¥10.3  550.6+18.4

ch + Spray 482.0+8.1 57.2 161.0+ 5.8 215.6+ 7.3  376.6+12.5

romate Soil 487 .5+8.2 59.4 154.7+ 5.5 226.3+ 7.5 381.0%13.1

. Spray 442,.5+7.5 63.6 105.6+ 3.7 184.4+ 6.3  290.0+ 9.8

10 Dichromate g ;7 495.0%8.2  60.1 183.9% 6.6 276.8% 9.1  460.7%15.3

Chromi Spray 475.5+7.8 63.3 175.1+ 6.4  302.0+410.1  477.1+16.0

romie Soil 533.8%8.8 62.1 291.0+10.4  467.83¥15.5 768.8%25.4

ch te Spray 481.3+8.0 62.2 114.9+ 4.1 189.3+ 7.0  304.2+10.1

roma Soil 452.5%7.5 63.6 144.6% 5.6  252.4% 8.4  393.0%13.2

. . Spray 507.0+8.3 62.5 122.3+ 4.4 203.4+ 6.7 325.7+11.3

>0 Dichromate g i3 500.0¥8.k  64.0 176.2+ 6.5 312.4%10.4  488.6+16.5
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PART III

DISCUSSION

The results of this investigation clearly show the per-
sistant inhibitory effects of previous spraying the Datura plant
leaves with various concentrations of chromium salts on leaf
area of the progeny. Still chromate and dichromate were more
effective than chromic ions particularly at the early stages of

growth.

In the meantime though the previous leaf spraying slightly,
if at all, affected the fresh weight gain, yet such treatment still
enhanced dry weight gain by the produced leaves particularly
towards the end of the experimental period. Chromic ions were
most whereas dichromate jons were least effective in this respect.

These observations indicate the inherent persistant
effect of the sprayed chromium ions on cell expansion and/or
cell division leading to smaller leaf area coupled with in-
creased anabolic metabolism leading to increased dry weight
of such leaves.

In this connection it may be mentioned that Fukunaga
et al. (1981) showed that all tested heavy metals inhibited
growth of Sacchoromyces cerevisiae and the surviving deploid
cells were reduced at 10"2 - 10'4 M. Mitotic gene conversion
was induced by Co, Cr, As and Cd jons and mitotic crossing
over in convertants was observed by treatment with Cr, Mn, Ni
and Cd ions. Roy and Mukherji (1982) showed that treating
mung beans with chromate or chromic ions inhibited hypo-

cotyl elongation and fresh and dry weight increase.

On the other hand, the absorption of chromate or chromic
ions through the root system of 5 - weeks old plants greatly
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stimulated cell division and/or cell expansion as well as ana-
bolism thus Teading to the observed significant increase in
Teaf area, fresh and dry weight of the leaves. Increased con-
centration of chromate alleviated such effects whereas chromic
larger doses slightly counteracted its stimulatory effects.

On the other hand, dichromate ions though limited the leaf area
and fresh weight gain, more prominently with application of the
larger doses, yet the dry weight gain was still higher than the
controls.

Repeated dosage of chromic ions had the same stimulatory
effects whereas repeated dosage of dichromate ions was still
inhibitory to 1eaf area with minor effects on fresh and dry
weight. On the other hand, repeated dosage of dichromate alle-
viated jts stimulatory effects particularly with administration
of the larger doses.

These observations confirm the earlier findings (Fiussello
and Novo, 1976) that chromate was less deleterious to higher
plants than dichromates whereas chromic ions were stimulatory
Roy and Mukherji (1982) reported potassium dichromate to be more
toxic to mung beans than chromic sulphate. Still Levis and
Majone (1981) showed that Cr (VI) compounds particularly potas-
sium dichromate and zinc yellow differentially inhibit macro-
molecular synthesis in Syrian hamster fibroblast (BHK) cells,
especially that of DNA .Cr (IIT) compounds had very low toxicity.
On the contrary chromic chloride was reported to stimulate RNA
synthesis when incubated with DNA or chromatin (Okada et al.,
1981). Oshida et al. (1981) showed that Cr+6 totally suppressed
reproduction of polychaetes at 100 ug/ml concentration whereas
Cr3+ had no adverse effects at 400 ug/ml. Trivalent chromium
was reported as an essential trace element for birds and man
(Steele and Rosebrough, 1979; Ryan and Hastings Vogt, 1977;
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Okada et al., 1981). Still chromic jons are considered an in-
dispensable micro element (Bertrand and DeWolf, 1968) improving
the yield and growth responses of several crop plants including
potato and grapes as well as silage yield (Evanylo and Barker,
1981).

In the meantime, it seems that leaf spray is more effec-
tive in the toxic action of chromium ions on leaves than trans-
Tocation of the same ions via the root system. Chromate ions
were reported to be absorbed freely by barley roots (Shewry and
Peterson, 1975) but little is transported to the shoot. Skeffington
et al. (1976) claimed that chromate uptake was active whereas
chromic uptake was passive, indicating differences in mechanisms
of absorption of the two ions. Wallace et al. (1977) noticed
that under culture experiments, chromium ions tended to concen-
trate in roots of bush beans with a decreasing gradient to stems
and leaves. Lahouti and Peterson (1979) further showed that
several crop plants accumulate Cr3 or Cr6 from nutrient solutions
and retained approximately 98% of the element in the roots.

Under the same conditions, roots contained more of Cr3 than of
Cr6 whereas the reverse applied to the shoots.

The results further show that although previous spraying
hardly affected pigments content of Teaves, during the early
stages of growth of the progeny, yet with progress of age chro-
mate and dichromate severely attenyated chlorophyll a and chlo-
rophyll b as well as carotenoid content whereas chromic ions
were stimulatory. This shortage of pigmentation indicates
earlier senescence of the leaves.

On the contrary, application of chromium salts to the
soil reduced pigmentation of the leaves; dichromate producing
the highest and chromic ions exerting the least effect particu-
larly at their larger doses. The second treatment counteracted
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the inhibitory effects of the  three ions when supplemented
at 10 x 10"5 M particularly chromic jon that continued to
accelerate pigment accumulations after the third treatment
whereas the hexavalent anionic forms were very suppressive.

These differences in behaviour of chlorophyll content
might be attributed to the -fact that chromium, in the soil,
have interfered with the absorption and transiocation of other
elements particularly potassijum, magnesium and iron.

In this connection it may be mentioned that Rusko (1968)
reported increased chlorophy1l content in grape leaves follow-
ing chromium application. He attributed such increase to more
stability of the plastids in presence of the ion that exerted
a protective action against chlorophy11l degradation. Mukherji
and Roy (1978) reported that when applied alone or in combina-
tion with IAA, potassium dichromate completely inhibited cel]
enlargement of wheatnéoleoptile sections at 5 x 1073 M or even
lTess. Lahouti and Peterson (1979) reported greater proportions
of soluble chromium in plants supplied with Cr6 than those sup-
plied with Cr. Turner and Rust (1971) showed that 0.5 ppm
anionic chromium lowered the uptake of potassium, iron, phos-
phorus and manganese in roots. In soils, 0.6 ppm chromium
interfered with the accumulation of calcium, potassium, mag-
nessium, phosphorus, boron and copper.

According to Oberlaender and Roth (1978) potassium and
phosphorus uptake and translocation were inhibited by seven
heavy metals including chromium. Translocation of both nut-
rients into the shoots _was more inhibited than uptake into the roots.Smirnov
(1978) showed that teratogenic concentrations of chromium stimulated
polyphenol oxidase activity leading to accumulation of anomalous
metabolites of phenol and quinoid nature. Roy and Mukherji
(1982) showed that the activity of catalase, peroxidase, IAA-
oxidase, ascorbic acid oxidase and dehydrogenase increased in
response to supplementation of chromium to mung been seedlings.
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Nitrogen analysis revealed that previous spray of Datura
leaves with the various chromium ions resulted in a lower amounts
of accumulated nitrogen in the leaves of the progeny; a phenome-
non that was almost alleviated by the end of the experimental
period due to the gradual decrease in nitrogen content of con-
trol leaves, with progress of age. In other words, the leaves
of the new offspring had almost a consistent low nitrogen con-
tent that was indifferent to progress of age. This indicates
that chromium might have interfered with one site in the path-
ways of nitrogen metabolism.

Sakurai et al. (1978) reported that hexavalent chromium
was reduced to the trivalent chromium by sulphydryl containing
proteins viz.as bovine albumin and haemoglobin. If not comple-
tely reduced to Cr (III) by extracellular and endoplasmic con-
stituents, Cr (VI) could reach the cell nucleus and directly
interact with DNA (Tamino et al., 1981).

Mukherji and Roy (1978) reported that coincident with
growth inhibition of mung bean seedlings by dichromate, there
was a difference in the pattern of distribution of sugar and
nitrogen in the embryo and cotyledons. Roy and Kukherji (1982)
revealed an increased level of soluble proteins in mung bean
seedlings following treatment with either dichromate or chromic
ions.

Apart from these fluctuations, the ratio of insoluble
nitrogen was greater in the treated than control leaves, during
the early stages of growth but was reversed by the end of the
experimental period. This indicates enhanced protein synthesis
during the early stages of growth accompanied by early or rapid
senescence towards the end of the growing season.
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Application of the various chromium salts to the soil had
the same drastic inhibitory effects on nitrogen accumulation
in the leaves; a phenomenon that remained apparent with repeated
treatment. This shows the slower rate of nitrogen translocation
to the leaves. Still rapid translocation from the leaves to the
root may still be operating.

In the meantime, the first soil application enhanhced in-
soluble nitrogen accumulation as could be observed from its
higher ratios compared with the control samples. Repeated soil
treatments inhibited such process.

Such similarity in response of nitrogen metabolism in
Datura leaves to the chromium ions regardless mode of applica-
tion confirms the previous suggestion that chromium (anionic
or cationic) acted upon one and same site.

It may be recalled that Levis et al. (1978), working on
hamster fibroblasts and human epithelial - like cells, showed
that the cytotoxic effects of chromium were attributed to the
action of Cr6+ at the plasma membrane level on the mechanisms
involved in nucleoside uptake and interactions of Cr3+ at the
intracellular level with nucleophilic targets on the DNA mole-
cule. Levis and Majone (1981) showed that chromium accumulated
in the cells after treatment with Cr3+ was most probably bound
to the cell membrane whereas some of the Cr6+ was transported
through the cell membrane and reduced in the cell nucleus.

Yamamoto et al. (1981) working with potassium dichro-
mate and Wu and Wada (1981 a) using Cr+3 showed that both
ions combined with low molecular weight organic substances that
could be traced in several mammalian organs. These compounds
were more persistant than the rapid disappearing high mole-
cular weight combinations. These were idintified as anionic
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organic complexes which contained Cr (III), amino acids and
other UV absorbable components of molecular weight 1600 and
2600. Wu and Wada (1981 b) showed that these organic chromium
complexes were less than those of either dichromate or chromic
ions and play an important role in the detoxification and ex-
cretion of chromium.

The results of this investigation further showed that
previous spraying with chromate ions seemed to have Tittle or
minor effect on the total carbohydrate content of the leaves
of the progeny whereas dichromate enhanced while chromic jons
inhibited total carbohydrate accumulation particularly with
application of larger doses and/or repeated spraying. If
these observations were coupled with minor effects on pigmenta-
tions though nitrogen accumulation was lesser than the control
one might attribute these observations to inhibited nitrogen
metabolism following chromate spraying that was furthered with
applications of dichromate whereas chromic ions inhibited
photosynthesis.

Warren et al. (1981) reported that Cr (III) in the proper
Tigand environment can have considerable genetic toxicity and
could represent one of the several possible ultimate species in
a mechanism for chromium mutagenesis and carcinogenesis.

In spite of this differences in response, the polysac-
charide ratio seemed unaffected except with application of the
largest dose of either chromate or chromic where a lower ratio
was significant; an indication that phosphory1at1on mechanisms
leading to polysaccharide synthes1s were1nh1b1ted by such
treatments; more prominently the dichromate jon. Apart from
these fluctuations in the ratio of polysaccharides, the in-
creased starch content of these leaves might lead to the sug-
gestion that chromium ions retarded translocation of sugars
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to the other parts of the plants. This could be confirmed by
the increased sucrose content especially with dichromates.

Sastry and Tyagi (1982) showed that sublethal concentra-
tions of Cr6+ increased blood glucose and lactic acid levels
in a fresh water teleost fish. Liver glycogen was depleted
but muscle content increased. Llactic dehydrogenase pyruvic
dehydrogenase and succinic dehydrogenase increased indicating
an increased rate of glycolysis.

Similarly irrigation with various concentrations of the
different chromium salts seemed with minor inhibitory effects
on the total carbohydrate content as well as the ratio of poly-
saccharides. If this is coupled with the reduced pigmentation,
particularly with application of chromate or dichromate, as
well as reduced nitrogen accumulation, one would attribute such
carbohydrate behaviour to reduced photosynthetic rate as well
as inhibited incorporation into organic nitrogen forms.

Repeated irrigation treatment inhibited carbohydrate
accumulation more prominently after the third application.
Since the loss of carbohydrates was mostly apparent in nucleo-
protein pentoses followed by the other polysaccharides then we
may conclude that repeated application of chromium ions inhibited
RNA and DNA synthesis which in turn impaired the metabolic path-
ways for carbohydrate and/or nitrogen accumulation.

In this connection it may be mentioned that Chang and
Broadbent (1981) showed that 50% reduction in carbon dioxide
output by Yolo silt loam soil amended with alfalfa meal was
best obtained by addition of chromium followed by cadmium then
copper - 8.6 p.p.m. chromium caused 10% reduction whereas 27 p.p.m
lead was required to produce the same effect. 10 ug/L Cr (VI)
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exhibited an impaired oxygen transfer by the rainbow trout
gills (Van der Putte and Part, 1982).

The results of this investigation further show that
previous leaf spraying though slightly lowered the total phos-
phorus content of the leaves of the progeny, at the early
stages of growth yet with lapse of time, phosphorus accumula-
tions in the treated leaves exceeded that of the control plants,
under all conditions, most of the fluctuations were in the
soluble organic forms; indicating increased metabolic activity
with minor effects on RNA and DNA. In other words, the dele-
terious effects of previous spraying on nitrogen and/or carbo-
hydrate metabolism are not attributed to shortage of nucleo-
proteins but may be due to structural variations within the
molecules controlling such metabolic processes.

On the other hand, supplementation of chromium salts in
the irrigation water slightly lTowered the total phosphorus con-
tent of the leaves with a tendency towards increased soluble
organic phosphorus on the expense of the other insoluble phos-
phorus except for dichromate treatment that stimulated phospho-
rus accumulation mostly in the soluble organic form. Repeated
application of chromium via the soil hardly affected the total
phosphorus of the treated plants, thus leading to apparent re-
duction in phosphorus content of chromate-or chromic-treated
plants whereas dichromate treatment appeared with negligable
effects. Still the main fluctuations were in the soluble
organic form.

This indicates that neither previous spraying nor
absorption of chromium through the roots had an apparent
effect on nucleoprotein content but the main inhibitory or
stimulatory effects were focussed on the energy-rich compounds
(soluble organic phosphorus) including coenzymes.
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It is worth mentioning that Jouany et al. (1982) reported
that toxicity of chromium ijons to Chlorella vulgaris appeared
in the reduction of ATP content which he considered as an early
indication of growth inhibition. Petrilli and deFlora (1977)
reported that hexavalent chromium directly interacted with
bacterial DNA causing both frame shift mutations and base pair
substitutions. Levis et al. (1978) proved that hexavalent
chromium stimulated whereas trivalent chromium inhibited nuc-
leoside uptake. DNA synthesis was inhibited by both types;
more prominently by dichromate ions.

Balakrishnan and Villafranca (1978) proved that Cr3+
is a competitive inhibitor for manganese and magnesium in the
biological reactions involving ATP and ADP. Kluger and Smith
(1978) showed that cr3t could combine with thiamine pyrophosphate,
thus inhibiting TPP-requiring enzymes including pyruvate decar-
boxylase. Donenberg and Gleland (1975) and Gupta et al. (1976)
revealed the fgct that chromium binds with ATP and thus inter-
fered with hexokinase and pyruvic kinase; Cr-ADP-hexose-6-
phosphate being very slowly released whereas Cr-ATP increased
the rate of enolization of pyruvic acid.

The results of this investigation further show that pre-
vious spraying or administration of chromium salts through the
soil reduced the alkaloid content per unit dry weight of leaves;
a phenomenon that was furthered with concentration and/or re-
peated treatment. Under all conditions, soil application was
less deleterious than previous spraying. '

Chromic ions were least effective when absorbed through
roots than from leaves especially at the higher concentrations.
Repeated previous spraying with either chromium ions was equally
inhibitory regardless concentration except 5 x 10'5 M chromic
that exerted slight, if at all, inhibitory effect. Similarly
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repeated soil application of 5 x 10-5 M chromium ions had a mild
inhibitory effect on total alkaloids but larger doses were more

effective; chromic ions being least.

Apart from these effects on total alkaloids, chromium
ions increased the accumulation of some individual alkaloids
viz. tropine, valeroidine and meteloidine on the expense of other alkaloids.
These effects may be of economic value from the pharmaceutical
and/or therapeutic point of view.

In the meantime application of chromium ions to the
soil, at 5 x 10—5 M, seemed to trigger fruit setting and seed
formation as observed from the very large increase in fruit
weight as well as weight of seeds per capsule. The insignifi-
cant effect of all chromium treatments on percentage seeds in
the capsule indicates that these ions did not affect the bio-
logical mechanisms but only altered the rate of fruit forma-
tion and setting. This is further confirmed by the fact that,
under most conditions, the weight of 100 seeds was insignifi-
cantly affected except for few cases viz. treatment with

5 x 1072 M chromate.

Larger doses of chromium ions had minor effects on fruit
setting and seed formation except chromic ions that stimulated
fruit and seed weight thus confirming the earlier deductions
that chromic ions act as an indispensible microelement, increas-
ing the yield of grapes (Dobralyubskii and Slavvo 1957, 1958,
Rusko, 1968 a,b) and Dactylis glomerata (Lobnik and Vidrih
1976 and Vidrih and Lobnik 1976),




SUMMARY

The results of this investigation clearly show the persis-
tant inhibitory effects of previous spraying the Datura plants
Teaves with various concentrations of chromium salts on leaf
area of the progeny but fresh weight gain was hardly affected
whereas dry weight gain of the produced leaves was stimulated.

Absorption of chromate or chromic through the roots in-
creased leaf area, fresh and dry weight gain. Dichromate 1imited
the Teaf area and fresh weight but dry weight of leaves increased.
Repeated dosage of chromic ions had the same stimulatory effect
whereas repeated dosage of dichromate ions was still inhibitory
to leaf area with minor effects on fresh and dry weight but re-
peated dosage of chromate alleviated its stimulatory effects.

With progress of age, previous leaf spraying with chro-
mate or dichromate severely attenuated chlorophyl1l a, chloro-
phyll b and carotenoid content whereas chromic ions were stimu-
latory. Soil application of chromium reduced pigmentation; di-
chromate being most and chromic being least effective. Repeated
dosage with the hexavalent ion was still suppressive but the
trivalent ion was -stimulatory.

Previous spraying resulted in Tow nitrogen accumulation
in the produced leaves; a phenomenon that was almost alleviated
by the end of the season due to gradual decrease of nitrogen con-
tent of the control leaves. The ratio of insoluble nitrogen was
greater in the treated than control leaves; a phenomenon that was
reversed, with progress of age.
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Soil application of chromium salts drastically inhibited
nitrogen accumulation in the leaves. First treatment enhanced
whereas repeated treatments suppressed insoluble nitrogen accu-

mulations.

Previous spraying with chromate exerted minor effects
whereas chromic ions lowered the total carbohydrate content of
the leaves. Similarly single irrigation with chromium salts
exerted minor inhibitory effects on total carbohydrates but
repeated irrigation were inhibitory.

Previous leaf spraying slightly Towered total phosphorus
content of the produced leaves; a phenomenon that was counter-
acted or even reversed with progress of age; soluble organic
phosphorus largely participated in these fluctuations. Sup-
plementation of chromium ions through the roots had almost

'similar effect though repeated dosage did not affect the
original phosphorus content.

Both chromium treatments reduced the alkaloid content
of the leaves; a phenomenon that was furthered with rise of
concentration and/or repeated dosage. Soil application was
less deleterious than previous spraying. Apart from such ef-
fect chromium ions significantly increased tropine, valeroi-
dine and meteloidine content of the leaves.

Small doses of chromium, applied via the soil, triggered
fruit setting and seed formation. Larger doses had minor effects
except chromic ions that stimulated fruit and seed weight.
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