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ABsTRACT. This investigation evaluates the role of chromium in the growth of a tomato
phytopathogenic fungus (Fusarium oxysporum f.sp. lycopersici) and a tomato rhizos-
pheric fungus (Cunninghamella echinulata).

Hexavalent chromium was much more toxic in the linear growth of the two
experimental fungi than the trivalent ion, Cunninghamella echinulata being more toler-
ant to the large doses than Fusarium oxysporum f.sp. lycopersici. In the meantime,
chromate and chromic had less effect on dry weight gain in Fusarium oxysporum than
dichromate. Under all conditious, the inhibition of dry weight gain increased with the
rise of concentration of any chromium ions but was partially overcome with age.

During the last decade, the role of trace amounts of heavy metals in the growth
and metabolism of lower plants has attracted the attention of a number of inves-
tigators. Thus, Lamb and Tollefson (1978) reported that cupric ions were most
toxic, followed by chromate and chromic to sludge microorganisms. Bieszkiewicz
and Hoszowski (1978) proved that concentrations, of the above mentioned ions,
above 0.8, 20 and 15 mg per litre, respectively, inhibited the purification efficiency
of activated sludge microorganisms as indicated by their reduced intensity of respi-
ration. Trivalent chromium has been listed as one of the most effective inhibitors
of nitrification in soils (Laing and Tabatabai 1978); average inhibition being more
than 50%. Similarly chromium reduced aryl sulphatase activity in soils (Al-Khafaji
and Tabatabai 1979) to varying extents, dependent on type of soil.

In the meantime, Mangi et al. (1978) considered chromium (VI) and CrO*” as
moderately toxic to several reverine algae and to a lesser extent to duckweeds.
Yongue et al. (1979) noticed that Euglena gracilis could tolerate 1 mg/L. CrO; for
3 hr at room temperature. Petriya (1978) proved that growth and photosynthesis
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of Chlorella vulgaris were stimulated at 107*-107°M chromium salts but larger
doses were inhibitory.

Bacteria seem to be more sensitive to chromium than other microorganisms.
According to Petrilli and de Flore (1977) all hexavlent chromium compounds
caused complete inhibition of bacterial growth at doses of 400-500 ug per plate but
the trivalent chromium compounds were neither toxic nor mutagenic to Salmonella
typhimurium. Baldry et al. (1977) noticed that Klebsiella aerogenes was more toler-
ant to the trivalent than hexavalent ion.

Fungi seem to be more tolerant of heavy metals than other microorganisms.
Schmidt and Ziemer (1976) were of the opinion that substrate, mass of inoculum
and hyphal lesions were the primary influencing factors whereas adaptive or genetic
phenomena did not participate in inducing high tolerance of fungi.

In this investigation, we tried to elucidate the effect of chromium on growth
criteria of the pathogenic Fusarium oxyporum f.sp. lycopersici and the most com-
mon rhizospheric fungus, Cunninghamella echinulata, both of which were isolated
from roots of the Money Maker tomato variety.

Material and Methods

The pathogenic fungus, Fusarium oxysporum f.sp. lycopersici was isoloted
from wilted tomato plants, whereas the saprophytic fungus, Cunninghamella
echinulata, was isolated from the rhizosphere of the same plant. Both fungi were
purified and identified under the supervision of Prof. M.S. El-Abyad; Professor
of Mycology, Faculty of Science, Cairo University, following the keys mentioned
by Booth (1971) and Gilman 1957).

The procedures of Bollen (1972) were adopted for the measurement of the
linear growth. 9 ml modified Dox agar (Naguib, 1967) were distributed in test
tubes and autoclaved. 1 ml of cold-sterile, concentrated solution of the various
chromiuum salts (Ammonium chromate, ammoniums dichromate and chromic
sulplate) was added to the agar medium while still hot then asceptically poured in
sterile 9-cm diameter Petri dishes. The final chromium concentrations would be
0.005, 0.01, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0 mM. 5 mm diameter disc from
the perifery of 6-day old fungus mats was centrally inoculated in the agar media
and daily measurements of the colony diameter were carried out after incubation
at 28°C in the dark. This was performed on 5 replicate dishes for each chromium
concentration, each chromium salt as well as controls.

Similar experiments were carried out using 100 ml aliquots of liquid modified
Dox medium containing the same concentrations of the chromium salts in order
to obtain the dry weight of the produced mycelial felts at 2-day (Cunninghamella)
or 3-day (Fusarium) intervals. Here, the mycelial felts were separated from their
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media by suction, thoroughly washed with distilled water and drained by suction.
The mycelial pellets were then placed in a hot air drying oven at 110°C for one
hour, then temperature was lowered to 80°C. The mycelia were left to dry till
constant weight. Five replicate samples were used in each treatment including the
controls. The modified Dox medium has the following constitution:

20 g sucrose, 4 g potassium nitrate, 2 g potassium dihydrogen phosphate, 1 g
magnesium sulphate, 0.5 g sodium chloide, 0.1 ferrous sulphate, all dissolved in
one litre solution.

Results

1. Daily Linear Growth Rate

Table 1 shows that during the first two days of the growth period, 0.005 and
0.01 mM Cr’* did not prevent growth starting of Cunninghamella, whereas Crf~
had little or no effect. With the lapse of time, chromic ions seemed to have a slight,
if any, effect, whereas chromate ions lowered the daily growth rate of the fungus,
particularly during the last two days and more prominently at higher concentra-
tions. Further rise of cationic chromium concentration favoured a slower growth
rate that was highly apparent during the early period of growth, but overcome with
progress of age. On the other hand, raising the anionic chromium concentrations
above 0.05 mM arrested growth of Cunninghamella for one or several days (depen-
dent on concentration) followed by a comparatively low growth rate that was
overcome only at 0.1 or 0.2 mM level. In most cases, dichromate was less effective
than chromate in this respect. Under all conditions, growth of Cunninghamella was
totally arrested above 0.8 mM concentration, even after 5 days incubation.

However, although chromic ions seemed to have similar effects on the daily
growth rate of Fusarium and Cunninghamella, the inhibitory effect of the ion,
particularly in larger doses, was not overcome even with passage of time. Hexava-
lent chromium lowered the daily growth rate of the fungus to a larger extent than
the trivalent, the latter being more effective than chromate. The fungus could grow
at 0.8 mM chromate but its growth was completely arrested above 0.2 mM dichro-
mate.

2. Dry Weight Gain

Fig. 1 shows that during the first sample, 0.005 mM chromium salts resulted
in a slight increase in dry weight gain in both fungi; more prominently chromic
ion. This was followed by a gradual decline to the control level with time. Further
increases in the chromium concentration gave a reduced rate of dry weight gain
until complete cessation of growth (at 0.2 mM chromate) by both organisms during
the first 2 or 3 days. Chromic, at the same level, had similar effects on Cunnin-
ghamella echinulata, whereas 0.2 mM dichromate arrested the growth of Fusarlum




Table 1. Effect of selected concentrations of various chromium ions on the daily linear growth rate of Cunninghamella echinulata
and Fusarium oxysporum lycopersici. (Original diameter 5 mm. Mean of 5 replicates, in mm.)

Dura-  Organism Chromium mM Chromium ion —
tion ion LNII
0 0.005 0.01 0.05 0.1 0.2 04 0.6 0.8 1.0 2.0
Chromate 604022 6.0+021 S5.1+0.18 43+0.16 - - - - - - -
C.echinulata Diochromate 6.0+0.22 83%0.29 7.1+0.24 44+0.17 - - - - - - -
= Chromic 6.0+0.22 10.0+0.33 834029 64+022 5.6+0.21 572020 4.1£0.15 4.9+0.18 33+0.14 3.5+0.15 3.1+0.11
(@)
= Foxvsporam | ChTOMAtE 56021 73+026 6.7+024 58+021 3.6+0.14 - = . - - =
;’ [yo”m[_d Dichromate  5.6+021 52+020 4.7+0.18 3.4+0.14 - - - - - - -
yeop Chromic 56+021 88+0.29 7.5+027 7.320.27 6.9+023 5.4+020 43+0.16 45+0.18 32+0.14 33+0.15 2.7+0.12
Chromate  24.1%+0.76 19.2+£0.62 20.3+0.64 11.7+0.38 5.3+0.19 - - - - - -
i C.echinulata  Dichromate  24.1£0.76 24.1+0.77 27.4 £0.86 23.2£0.74 6.5+023 - -
g Chromic 24140.76 351 £ 0.16 27,7+ 0.86 25.6 £ 0.79 20 8 £ 0.67 20.9 £ 0.66 21.5 + 0.70 216 0.70 12,3+ 0.40 12.4 + 0.41 12.2 % 0.40
i
S Foxvsmorum | ChTOMAtS 1124038 9.6+033 83+0.28 6.1+021 54+0.18 - - - - - -
SPOTAT! Dichromate  112%038 10.6£0.36 642023 4.4£016 57£0.19 58021 - - - - - K
yeoper Chromic 11.240.38 17.620.57 8.8+0.31 85+0.29 87+031 73+0.26 7.4+026 7.1+0.25 6.6+0.24 692025 5.4%0.20 =
z
Chromate  31.3%1.0530.6+ 1.04 30.7+£0.97 21.1+0.66 20.6 £ 0.65 5.5+0.22 - = - = = @
C.echinulata  Dichromate  31.3%1.05 36.2+£1.20 30.6+ 1.04 11.3£0.37 10.7+0.35 544020 - - E
z Chromic 31341.0520.640.67 2124071 36.941.52 31 24 0.99 30.9 % 0.98 25.4 + 0.80 21.2 % 0.67 30,7+ 0.95 29.8 % 0.95 26.6 + 0.85 Y
2
= ~
- Foxvsporam  Chromate 13.340.45 16.8+0.55 12.7+0.43 14.3+0.48 156 £0.52 9.5+033 S2+0.18 5.6+020 4.0%0.15 - =
'IC’Z””’S[C[ Dichromate  13.3£0.45 10.9+0.37 14.2 +0.47 15.9+0.52 14.3 £0.48 10.6£0.37 - - - -
yeop Chromic 1334045 21,6 £ 0,70 11,4 £0.37 153 20,51 164+ 0.55 17.4 £ 0.57 15.6 £ 0.50 14.5+ 047 15.8 %050 14.9 % 0.50 107 £ 0.36
Chromate 12.5£0.42 21.5+0.69 20.8 £ 0.68 20.6 £0.66 15.8+0.51 10.7+0.36 5.6+0.21 4.8+0.16 - - -
C.echinulata  Dichromate  12.5%0.42 17.4+0.56 8.3%+0.28 18.9+0.61 7.6+0.28 12.8+0.43 15.1+0.50 43+0.17 - =
§ Chromic 12,54 0,42 2044065 211 £0.68 232 £ 0.74 1634 0.53 15.6 £ 0.53 15.4 % 0.49 201065 21.4 £ 0.70 20.7 £ 0.65 16.3 % 0.53
£ Foxvsporam | ChTOMatE 14.6+0.46 15.9+0.53 16.8+0.53 8.6+0.30 11.3£0.36 15.1£0.50 S.6+0.20 S5.1+0.19 48+0.19 - -
PPOTeT  Dichromate  14.6+0.4621.3£0.66 68025 794028 64+021112%035 -
YCOPErSICt Chromic 14.60.46 184+ 0.60 147 £0.47 1624052 14.3 £0.45 138£045 1024035 644024 59021 73025 624024
Chromate 12.7+0.44 20.9+0.65 20.4+ 0.65 21.6 £ 0.68 8.7+0.30 53+0.19 S8+0.20 53+020 58+022 - =
. C.echinulata  Dichromate  12.7+0.44 7.8+026 7.5+0.2516.6+0.53 12.6+0.44 3.3+0.12 48+0.18 3.1+0.12 5.6+021 - -
2 Chromic 12.7+0.44 11.7 +£0.40 19.3+0.62 21.4 + 0.65 24.6 + 0.78 25.7 + 0.80 30.9 £ 0.96 29.6 £0.95 28.8 £0.90 15.8+ 0.50 9.7+ 0.35
-
Usl

Chromate 27.7+0.86 15.4+0.50 17.1+£0.55 8.7+0.30 7.9+0.25 8.1+027 58+0.20 89%0.30 10.2+0.35 - -
Dichromate  27.7+0.86 15.8+0.51 11.2+0.36 9.3%+0.32 86+0.28 9.5+0.33 = = . - -
Chromic 27.7+0.86 11.5+0.37 8.6+0.3011.4+0.37 9.6+0.31 10.6+0.39 93+0.32 87+031 68+0.25 69+0.25 2.6+0.10

F.oxysporum
lycopersici
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Fig. 1. Effect of selected concentrations of various chromium ions on the dry weight gain by mycelial
felts of Cunninghamella echinulata and Fusarium oxysporum f.sp. lycopersici during 6 and 9
days growth period, respectively.

oxysporum f.sp. lycopersici. However, the Fusarium could grow on chromic media
to 0.4 mM concentration. In time, both organisms grew on chromic or chromate
up to 0.8 or 0.2 mM, respectively, where the Fusarium could continue growth on
dichromate media to 0.8 mM level but Cunninghamella could tolorate only 0.2 mM
of the ion.

Under all conditions, the inhibition of dry weight gain increased with the rise
of concentration of any chromium ions but was partially overcome with age.

Figure 2 shows that, at the same age, chromate and dichromate ions caused
almost the same percentage growth inhibition in both organisms, whereas the drop
in dry weight gain, in chromic media, was far greater in the Fusarium than in the
Cunninghamella.
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Fig. 2. Effect of selected concentrations of various chromium ions on relative gain in dry weight of
mycelial felts of Cunninghamella echinulata and Fusarium oxysporum f.sp. lycopersici during
6 and 9 days growth period, respectively.

Discussion

This investigation demonstrates the higher toxicity, as evidenced by the daily
rate of linear growth of the two experimental fungi, of hexavalent (anionic) as
opposed to trivalent (cationic) chromium. Furthermore, Cunninghamella
echinulata seemed to be more tolerant of high concentrations of chromic ions than
Fusarium oxysporum f.sp. lycopersici. This is confirmed by the remarkable differ-
ence in growth rate of both fungi that was most apparent with progress of age.
Furthermore, in spite of the fact that the Fusarium seemed to be more resistant to
hexavalent chromium than the Cunninghamella, during the early periods of
growth, yet with time, the Cunninghamella was also tolerant to the larger doses of
such ion, in both of its forms, whereas tolerance of Fusarium to dichromate lagged
behind that to chromate. At the same dose, chromate seemed less toxic than
dichromate for both fungi. At low concentration, chromate stimulated the linear
growth of Cunninghamella but inhibited that of the Fusarium, particularly towards
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the end of the experimental period, whereas dichromate was mostly suppressive
to growth of both fungi. Anionic chromium seemed to be more toxic than the
cationic form, with dichromate being more effective than chromate.

These results are in accordance with the observations of Skeffington et al.
(1976) and Fiussello and Novo (1977) that Cr®* was more toxic than Cr** to crop
plants including Triticum vulgare, Phalaris canariensis, Pisum sativum, Hordium
vulgare, Secala cereala, Linum usitatissimum, Phaseolus vulgaris, Raphanus
raphanistrum, Lycopersicon esculentum and Zea mays. Jan and Young (1978) re-
ported that hexavalent chromium was the most toxic chemical species discharged
to the sea through municipal waste water. It formed 75% of the chromium in
uncontaminated coast sea waters of southern California.

These observations were confirmed by studies on the dry weight gain by both
fungi, where parallel results were obtained although the fungi could then withstand
to 0.8 mM and not 2 mM. Inoculum size and prolonged exposure to the ions are
responsible for the apparent larger tolerance of Fusarium than Cunninghamella to
the hexavalent forms. However, chromic seemed less toxic to the Cunninghamella
than to the Fusarium. After 6 days incubation, the relative dry weight gain by the
Cunninghamella was far greater than by the Fusarium in spite of the larger size of
the latter’s inoculum. At this stage of growth, the hexavalent ion exerted similar
effects on both fungi.

Marsh et al. (1975) and Burzynska and Maciejska (1978) showed that 25 pg/ml
tri- or hexavalent chromium did not influence the dry weight gain by various strains
of Aspergillus. Similarly, Petrilli and de Flore (1977) concluded that 400-500 ug of
hexavalent chromium per plate completely inhibited growth of Salmonella
typhimurium. Similar observations were obtained by Baldry et al. (1977) working
on Klebsiella aerogenes.
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