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Abstract

A laboratory experiment had been conducted to throw light on
the fungicidal activities of plant oils camphor oil, citronella oil and
cotton seed oil against four species of fungi: £ solani, R. solani, 5.
rolfsii and T. viride These oils were prepared as emulsifiable
concentrates {EC) using different surface active agents, namely:
Sadium dodecy! sulphate, PEG 600 monolaurate, PEG 600 dioleate,
Tween80 and Tween20, and soivents the xylene, isopropyl alcohol
and dimethyl formamide. The physico — chemical properties for
surface active agents, solvents, crude cils and prepared oils were
measured. The bioassay experiments were designed to evaluate
the ECy, for the plant oils against the fungi under investigation.
Each plant oil was prepared in serial dilutions: 125, 250, 500, 1000
and 2000 pg/m! in PDA media. The results of bicassay showed that
the response of the fungus 5. roffsii for all plant oils used was
higher than other fungi under investigation. Also, the study showed
that the fungus F sofani had more response to the plant oil
citroneila than for the other plant oils. On the other hand, the
response of the fungi R. solani and 7. viride to the plant oil
camphor was higher compared to the other plant oils under
investigation.

INTRODUCTION

Among pesticides used to protect corps, fungicides were perceived until recently
as relatively safe. A1987 National Academy of Sciences (NAS) report (Research
Council, Board if Agriculture.1987) on pesticide residues on food indicated that
fungicides pose more of a carcinogenic risk than insecticides and herbicides together,
Therefore, Synthetic fungicides are suspect in our food chain, and pressure is
increasing to find safer alternatives (Cutler and Hill 1994}, Additionally, resistance by
pathogens to fungicides has rendered certain fungicides ineffective, creating a need
for new ones with alternative modes of action. Present activities to find both natural
and synthetic fungicides focus on finding compounds that are safe to humans and the
environment. (Wilson et &/, 1997)

Essential oils show antifungal activity against a wide range of fungi {Singh et
ar, 1980, Kurita ef 4/,1981). In this study the plant cils camphor, citronella and cotton
seed against some of plant pathogen £~ solan; R. solani, S. roffsiiand T. viride as the
alternatives of the fungicides were evaluaited.
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MATERIALS AND METHODS

A -Plant oils
i = Camphor oil

CH»

H:C CH-

Chemical structure of camphor oil

The main chemical components are a-pinene, camphene, b-pinene, sabinene,
phellandrene, limonene, 1,8-cinecle, y-terpinene, p-cymene, terpinolene,
furfural,camphor, linalool, bornyl acetate, terpinen-4-ol, caryophyliene, borneol,
piperitone,geraniol, safrole, cinnamaldehyde, methyl cinnamate and eugenol

ii - Citronella oil

H3C CH3

CH;

—=0

Chemical structure of citronella oil

The main chemical components of citronella cil are citronellic acid, borneol,
citronellol, geraniol, nerol, citral, citronelial, camphene, dipentene and limonene.
iii - Cotton seed oil
Cotton seed oil is rich in palmitic acid (22-26%), oleic acid (15-20%), lincleic
acid (49-58%) in the crude oil. It also contains gossypol, a naturally occurring toxin
that protects the cotton plant from insect damage. Therefore, unrefined cotton seed

oil is sometimes as a pesticide.
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B -Surface active agents used
a. Sodium dodecyl sulphate (SDS). CH; {CH;);; OSO; Na it was supplied from El-
Nasr pharmaceutical, chemicals co. {ADWIC).
b. Poly ethylene glycol 600 mono-Laurate:
CH; (CHz)16 COO (CH; CH,0), H n =600
¢. Poly ethylene glycoi 600 di-oleate.
CH; (CH;}; CH =CH-{CH3); COO- [CH;_CH;0]  -CO- {CH,); - CH =CH-~(CH,); —CH.
They were produced by the National co. for yeast and detergent, Alexandria.
d. Tween80: Polyoxyethlene (20) sorbitan monooleate.
e, Tween20: Polyoxyethylene (20} sorbitan monolaurate,
They were supplied from El-Gomhouria co. for chemicals.
C — Solvents used
The following solvents were supplied from El-Nasr pharmaceutical, chemicals
co. {ADWIC).
a. Xylene (dimethyl benzene): C;H, (CH3)..
b. Isopropyt alcohol: CH3 CHOHCH;,
c. N, N- dimethil formamide (DMF) HCON (CH;),
D -Tested fungi
Fusarium solani (the causal agent of fusarium wilt) isolated from tomato root,
Rhizoctonia solan/ (the causal agent of damping off) isolated from cotton root,
Sclerotium rolfsii (the causal agent of southern blight) isolated from tomato stem and
Trichoderma vitide, The cultures of the all tested fungi were maintained on potato
dextrose agar (PDA).
Determination of the physico — chemical properties of the constituents of
prepared formulations
a- Plant oils _
Solubility and free acidity or alkalinity they were determined according to WHO
specifications {1979).
b- Surface active agents
1- Critical micelle concentration (CMC): It determined according to Osipow {1964).
2- Free acidity or alkalinity: It was determined according to WHO specifications
(1979).
3- Hydrophilic — Lipophilic Balance (HLB): It was determined according to (Lynch
and Griffin, 1974).
c- Solvents
Flash point, surface tension and free acidity or alkalinity was determined
according to WHO specifications (1973).
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Preparation of tested plant oils as emulsifiable concentrate (EC)
Plant oils: Cotton seed oil, citronella oil and camphor oil were prepared as emulsifiable
concentrate (EC) using suitable solvents {e.g. xylene, isopropyl alcohol, and dimethyl
formamide) and suitable emulsifiers (e.g. SDS,600 DO, 600 ML, Tween80, and
Tween20) at different concentrations.
Determination the physico-chemical properties for the formulated
emuisifiable concentrate
1- Emulsion stability test.
It was conducted according to WHO specifications (1979)
2- Free acidity or alkalinity.
It was determined according to WHO specifications (1979)
3- Persistent foam.
It was determined according to (Dobrat and Martijn, MT 47.1, 1995)
4- Storage stability.
It was determined according to {Dobrat Martijn, MT 39.1, and MT46.1.3,
1995)
In vitro plant oils assay
The efficacy of the three tested plant cils on, F. sofani R. sofani, 5. rolfsif and T.
viride was tested /n vitro on PDA. Mycelial plugs of the pathogen (Smm in diameter
removed from the margins of 7-day-old culture) were transferred to Petri dishes {90-
mm) containing PDA amended with the tested plant oils at tested concentrations, 0,
125, 250, 500, 1000 and 2000 pg/ml. All concentrations were expressed as active
ingredient. All plates were incubated at room temperature (25 + 2°C). The radial
growth of the mycelium was measured after 3 days for R, solani S. rolfsif and T. viride
and after 7 days for £ solani and the inhibition of growth was calculated when
compared with the untreated check. Each treatment had four replications. Results are

expressed as percentage of inhibition and as effective concentration (50% ECs;)
RESULTS AND DISCUSSION

1-The physico-chemical properties of the constituents of prepared EC
formulations
A- Plant oils
i- Solubility
The most important requirement in formulating a pesticide is the solubility of the
toxicant in the used solvent, The sclubility was determined at 25°C. Data in Table (1)

showed clearly that the tested plant oils {camphor oil, citroneila oil and cotton seed
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oil) were insoluble in water but they were miscible in xylene, acetone, and dimethyl
formamide, except citronella oil was immiscible in dimethyt formamide.
li- Acidity or alkalinity
Results obtained in Table (1) indicated that camphor oil, citronella oil and cotton
seed oil were slightly acidic and their acidity values were 0.0588, 0.0196 and 0.049,
respectively.

Table 1. Physico- chemical properties of the plant oils

Materials % solubility at 25°C (wt/v) Free
Water Xylene Acetone DMF Acidity % Alkalinity %
as H;S04 as NaoH
Camphor oil Nen 100 100 solable 0.0588
Citronella Non Miscible Miscible Immiscible 0.0196
oil
Cotton seed Non Miscible Miscible Miscible 0.049
oil

B- Physical properties of the used surfactants

i- Solubility

Sodium dodecy! sulfate was soluble in water but it was inscluble in both acetone
and xylene. Polyethylene glycol 600 mono- laurate (PEG-600 ml) was miscible in water
and soluble in acetone and xylene, also polyethylene glycol 600 di-oleate (PEG 600-
DO) soluble in acetone and xylene, while give emulsion in water. Tween80 soluble in
water, acetone, and xylene. Where the solubility values were 25.0, 60.7 and 55.7%,
respectively. Also tween20 was soluble in water, acetone and xylene and the solubility
values were 40.0, 65.4 and 60.7%.

Surfactant which solublize in water such as (SDS, PEG 600 ml, tween80, and
tween20) should be use as wetting and spreading agent for the preparation soluble
powder or soluble concentrate formulations, while those give emulsion in water and
soluble in xylene should be use as emulsifiers for preparation emulsifiable
concentrates.

ii- HLB value

Since the HLB of a surfactant is related to its solubility, a surfactant having a
high HLB range (13+) will tend to be water soluble (El — Attal ef &/, 1974). As
indicated in table (2) sodium dodecyl sulfate, PEG — 600 mi, tween80 and tween20
had a high HLB value suitable to be used as dispersing and suspending agent. Their
HLB values were 18, 14, 16 and 16, respectively. While polyethylene glycol 600
dioleate had HLB value (10 - 12) suitable to be used as emulsifying agent.
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iii- Free acidity or alkalinity

Data in Table (2) showed that polyethylene glycol 600 mono — laurate, tween80
and tween20 were slightly acidic and the acidity % as H,S04 was 0.630, 0.061 and
0.49, respectively. While, sodium dodeyl sulfate and polyethylene glycol 600 dioleate
were alkaline and the alkalinity % as NaoH were 0.029 and 0.25, respectively.

iv- Critical micelle concentration {(CMC)

Data in Table (2) showed that polyethylene glycol 600 dioleate had the
highest CMC value, followed by tween80, polyethylene glycol 600 mono- laurate,
sodium dodecy! sulfate and tween20. Where their CMC values were 0.9, 0.5, 0.4, 0.3
and 0.2% (w/v), respectively. It could be stated that local surfactant proved
effectiveness in stabilizing the formed emulsions and diminishing the high surface
tension of water, thus facilitating wetting and spreading on the treated surfaces of
foliages. CMC was determined to make sure that the applied concentration is far less
than CMC to avoid any micelle formation. (El-Attal and Moustafa.1979}, reported that:
demuisification of the ECs was observed to occur at a concentration little greater than
the CMC indicating that this value is important in the choice of emulsifiers to be used
in very concentrated emulsions.

v- Surface tension at 0.5%

Data in Table (2) indicated clearly that polyethylene glycol 600 mono - laurate
was the most effective surfactant in reducing surface tension of water, followed by
sodium dodecyl sulfate, tween20, Polyethylene glycol 600 di-oleate, and tween80,
where the surface tension values were: 29.1, 30.3, 37.02, 40.2 and 43.2, respectively.
Table 2. Physice ~ chemicai properties of used surfactants

% Solubility at 25°C (wt/v) in Free CMC at | Surface
HLB Acidity | Alkalinity 25°C tension
Surfactants Water Acetone | Xylene % as % as Y% at 0.5%
used H2504 NaQH (w/v)
Sodium
dodecyi 39 Insol. Insol. 18 - 0.029 0.3 30.3
benzene
suifate
PEG 600 Miscible 294 50 14 0.63 - 0.4 29.1
monolaurate
PEG 600 Give 25 22.7 10 -12 - 0.25 0.9 40.2
dioleate emulsion
Tweens0 25 60.7 55.7 16 0.061 - 0.5 43.2
Tween20 40 65.4 60.7 16 0.49 - 0.2 37.02




RAMSES, SAMI SH. AND M, A, ESKANDER 1231

PEG = polyethytene glycol
C- Physical properties of the solvents
i ~ Free acidity or afkalinity

As shown in Table (3) all the tested solvents were slightly acidic. Dimethyl
formamide had the highest acidity value (0.0392) followed by isopropyl alcohol, but
xylene had the lowest acidity value 0.0064.

il — Surface tension

Surface tension was estimated using Du-nouy tensiometer. Dimethyl
formamide had the highest value of surface tension followed by isopropy! alcohol and
xylene. Where their surface tension values were 59.47, 57.0 and 32.0 respectively,
table (3).

iii— Flash point

As shown in Tabie (3) Dimethyl formamide had the most flash point value
(57°C) followed by xylene 43°C while isopropy! alcohol had the lowest flash point
value 23°C it estimated using Cleveland open taster.

These properties show clearly that the tested soivents had moderate flash
point and slightly acidic which agree with FAC/ WHO (2002) recommendation. And
xylene was considered as a suitable solvent for local formuiations of emulsifiable
concentrates.

Table 3. Physico — chemical propetrties of used solvents.

Surface tension at 25°C Free acidity % as
Solvents used Flash point
dynefcm H:50,
Xylene 43°C 32 0.0064
Isopropy! alcohol 23°C 57 0.0294
Dimethyl formamide 57°C 59.47 0.0392

iv— Physico — chemical properties of the prepared tested plant oils as
emuisifiable concentrates

a— Emulsion stability

The local prepared piant oils formulated as emulsifiable concentrates passed
successfully through emulsion stability test, since no oily separation or sedimentation
was observed when it added at 5% in both soft and hard water. The results in Tabie
(4) showed that, the formed creamy layer was not exceeded than FAQ/ WHO (2002)
recommendations.
b— Free acidity or alkalinity

The results obtained in Table (4} indicated that the successful formulated

plant oils (EC) showed slight acidity comply with WHO (1979) specifications. Cotton
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seed oil showed the highest value (0.0686), followed by citronelia oil {0.0392), and
camphor oil (0.0294).
c— Cold storage

As shown in Table (4) all prepared plant oil EC'S passed successfully cold test
comply with WHOC (1979) specifications.
d— Accelerated storage

All tested prepared plant oils (EC) passed successfully heat storage at 54°C for
14 days. Emulsion stability test since no oily.

Table 4. Physico — chemical properties of prepared tested plant oils as emuisifiable
concentrates (ECs).

Emulsion stability | Foam Free Cold Accelerated stora

Materials {mi, cream sep) Cm acidity | storage | Emulsion stability | Foam Acidity

used % as at 0°C | (ml, creamy sep} cm % as

SW. | HW. HaS04 SW. | HW. H:S0,

Carg‘i’lhor 04 | 07 2 | 00294 | Passed | 05 i 0.7 2 | 0.0294

C'trgﬁe”a 05 | ¢6 3 | 00392 | Passed | 06 l 0.7 2 | o040

Cotton 46 0.8 - | 0.0686 | Passed 0.7J 0.9 1 | 0.0686
seed oil g

Separation or sedimentation was observed, results in table (4) showed that the
formed creamy layer was not exceeded than WHO (1979) recommendations. Also all
the stored plant oils (EC) was acidic, where camphor oil (EC) and cotton seed oil had
no change in their acidity values after heat storage, while citronella oil had increased
in acidity value . While foam didn't exceed about 2 cm with all plant oils (EC).



Table 5. The linear growth, the percent of inhibition of investigated fungi, estimated ECsp and slope for the plant ofl

Camphor oil l Citronella oil J Cotton seed oil
Fusarium solari
. Linear . Linear . Linear N
Concentration . % of Estimated Slope ) % of W Estimated Slope . % of Estimated Slope
ppm grom m inhibition ECs pom value gror;vrtrf: in irthibition ECso pprn value grmi in inhibition ECso ppm value
2000 16.00 82.22 | 7.75 91.39 66.25 26.39
1000 34.50 61.67 22.75 74.72 72.50 19.44
500 57.50 36.11 36.75 59.17 81.75 9.17
250 75,00 16.67 44,25 50.83 86.50 3.89
125 83.75 6.94 720.673 2.036 49,25 45.28 214913 1.121 90.00 0.00 5955.324 1.319
Untreated check 90.00 0.00 50.00 0.00 90.00 0.00
Rhizoctorwa solani
2000 | 20.75 . 76.94 70.00 22.22
1000 | 34,25 61.94 77.50 13.89
500 53.00 411 | 83.50 7.22
250 62.25 30.83 88.50 1.67
I 125 266.156 2.25 21.00 10.00 654.297 1.572 50.00 0.00 6857.404 1.343
Untreated check 1 90.00 0.00 90.00 0.00
Sclerotium rolfsii
2000 0.00 100.60 1450 [ 8389 60.25 33.06
1000 0.00 100.00 22.25 | 75.28 66.50 26.11
500 11.75 86.94 30.50 ! 66.11 72.25 19.72
250 21.25 76.39 38.25 57.50 80.50 10.56
125 45.50 49.44 128.86 2.31 45.25 45.72 139.946 0.818 87.25 3.06 2626.086 1.044
Untreated check 90.00 0.00 50.00 0.00 90.00 ~0.00
Trichoderma viride
2000 0.00 100.00 66.25 26.3% 74.25 17.50
1000 16.75 81.39 74.50 17.22 78.00 13.33
500 51.25 43..06 82.00 8.89 84.50 6.67
250 65.00 27.78 90.00 0.00 90.00 0.00
125 8175 | 917 6732.39 2.342 90.00 0.00 4488.446 1.581 90.00 0.00 20004.95 1.321
Untreated check 90.00 0.00 20.00 0.00 90.00 .00

YIANWIST ¥ "W ANV "HS TWYS 'SISWVA

274



1234 FORMULATION, SPECIFICATIONS, EFFECTIVENES AND EVALUATION OF
TESTED PLANT OILS AGAINST CERTAIN PLANT PATHOGIN FUNGI

Effects of the plant oil on the linear growth of the tested fungi

The purpose of this study was to examine the inhibitory effect of plant oils
against certain fungi. Data in Table (5} and Figs 1, 2 and 3 showed on unamended
that, the mycelium of all check pathogens under investigation covered the 90-mm
Petri dishes within 3 days for R. solani S. rolfsifand T. viride and after 7 days for F.
sofani. The higher concentrations of the investigated plant oil showed the highest
inhibition of the fungal growth and vice-versa. S roffsii showed the highest response
to the all investigated plant cils. The ECs, values were 128.86, 139.946 and 2626.086
Hg / mi for camphar oil, citronella oil and cotton seed oil, respectively. F. solani was
more sensitive to citronella oil than camphor oil and cotton seed oil. The ECs, values
were 214,913, 720.673 and 5955.324 ug / ml for citronella cil, camphor oil and cotton
seed oil, respectively.

R. solani was more sensitive to camphor oil than the other two plant oils. The
EC;, values were 266.156, 654.297 and 6857,404 pg / ml for cahphor oil, citronella oll
and cotton seed oil, respectively. These results agree with the results of Dhingra et a.,
2004.

The same trend of results was found with T, viride, the ECs, values were 482.85,
6732.39 and 20004.95 pg / mi for camphor oil, citronella oil and cotton seed oil
respectively.

Data also indicated that the cotton seed oil had the lowest effect on the all fungi
under investigation. The ECsp values were 5327.134, 6951.62, 4388.773 and 8638.328

ug / ml for £. solani, R. solani, 5. roffsiiand 7. viride, respectively.
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Fig. 1 Inhibition growth regression lines of camphor oil against £. solani R. sofani 5.
rolfsiiand 7. viride '
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Fig. 2 Inhibition growth regression lines of cironella oil against F. solani, R. solani, S.
rolfsii and T. viride
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Fig. 3 Inhibition growth regression lines of cotton seed oil against F. solani, R. solani,
S. roffsii and T. viride
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