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Abstract.  An aqueons formulation of seed extracts of lupin (Fapinus rarmis) and lenugreek (Frigonatla
foenwin - groecumy was tested against Pyehitm aphanidermatun and Riuzoctoma seluni both in vitro and in
vive, In o lood poison test, the ssed estracls at the lighest  concentration  tested (9 mg/ml) resulted in
complete inhibition of P. aphanidermatum mycelial growth and a 77% suppression in the linear growth of
R. solami. In the greenbouse, applying lupin and lenugreek seed exuacts at the planting time and two weeks
later, significantly suppressed Pythium damping-off of cucumber and tomato seedlings as well as radish
damping - off caused by K. sefuni. Moteover, the seed extracts application had a significant promotional effect
on the seedlings growth of the tested vegerahles. The improved effect was abtained foboth inocokaked aad
non-inoculated plants.

Introduction

Damping off diseases cavsed by Pythiium spp. and Rhizoctonia solani Kuhn are amaong
maost comman soil-horne  diseases causing serious destruction to vegetable crops grown
in Saudi Arabia [1] as well as many other parts of the world [2;3]. Contrel of these
discases depends mostly on fungicides. However, many constraints ure now being
mmposed on the use of synthetic lungicides due o their phyloioxicity, carcinogenicity and
harnuful residual effects, Several natural plant products have been reportexd to possess
antifungal activity against plant pathogentc fungi [4]. These products have littte or no
phytotoxicity, high biological activity and are casily degraded by soil microbes |5].
Extracts of scveral legume crops cspecially alfalfa have proved ns eflicaey against
various phytopathogenic fungt {6:7]. In the Middle Kast, other legumes such as lupin
(Lupinuy termis Forsk) and fenugreek (Trigonella foenam - graecum L) are also known
for their antimicrobial effects. Their seeds are commonly ground and used as
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poultice to treat abscesses und bums [§]. Recently, the antimicrobial activity of the
aqueous extract of fenugreek seeds has been demonstrated [9).

The objcctives of the present study were lo: (1) detect the antitungal activity of
lupin-fenugreck sced extracts [LFSE] against Pythium aphanidermatum (Edson) Fitzp.
and R. soluni as compared with the fungicides: Benomyl, Ridomyl, and Rizolex; (2)
determine the efficacy of LISE in protecting vegetable seedlings against damping - off
diseases caused by P. uphanidermarum and R. selani in the greenhouse; (3) evaluate the
impact of LFSE treatment on the growth of the tested vegetable seedlings as compared
with that of the fungicides Ridomyl and Rizolex treatments.

Materials and Methods

Preparation of seeds aqueous extraets

Dried seeds of Balady cultivars of lupin and fenugreek were ground finely. One kg
of secd powder of each species was soaked in two liters of distilled water at room
temperature {20 £ 3°C). After one week the plant material was hltered through whatman
No. 1 filter paper, the solid part was then removed. Our previous work proved that the
effective concentration of LFSE was obtained when equal volumes of the two seed
extracts were combined (El-Gizawy, unpublished ). Therefore, equal valumes of each
aqueous seed extract were mixed thoroughly, filtered through a 0.22 um Metericel
sterile membrane to form the final product of LFSE.

In vitro toxicity test .

The uppropriate volumes of the above mentioned solution of [LFSE was added to
108 ml of polutu-dextrose agar (PDA) to obtain the following concentrations: 0, 1, 3, 6,
9 mg/ml. For comparison, the following fungicides were also tested: Metalaxyl +
Mancozeb (formulated as Ridomyl MZ 72 WP, Ciba - Geigy, Switzerland) at the
concentration of 1.5 g a.i/liter. Benomyl (formulated as Benlate 50% WP, Du Pont,
Frunce) at the concentration of 0.5 g aifliter, and Tolcofos - methyl + Thiram
(Formulated as Rizolex - 'I' 60 WP, Sumitomo, Japan) used at 1 g a.i /liter. Five replicate
plates were used for each treatment. A S-mm plug from actively growing culture of
either P. aphanidermatum or R. solani was placed in the center of each dish, and the
dishes were incubated at 25 'C. Linear growth was measured aller 72 hr of incubation,

Bivassays for the suppression of Pythium and Rhizoctenia damping-off with LFSE
The cucumber bioassay described by Chen er al. {10] was utilized to detect the
suppression of Pyihium damping - off with LTSE. A similar set of experiment was also
conducted with tomate sccdlings as the bioassay plant. Suppression of R. selani
damping - off by LFSE was deicrmuned using the sadish bicassay [11]. A mixture of
Canadian sphagmun peal, und perlite (3:1, v/v) was autoclaved for 1 hr and placed in
plastic pots (10 cm in diameter, 7.5 ¢m in depth), Cucumber seeds (Cucumis sativus 1.,
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Beit Alpha, 98% germination) were planted at the ratc of five sceds per pet. Tomato
seeds (Lycopersicon esculantum Mill., (Cv. Castle Rock), 99% germination) were sawn
at the rale of 10 sceds per pol. The radish seeds (Raphanus sativas L., {Cv. Balady
(common cultivar), 95% germination), were planted at the rate of five seeds per pot.
Pythium aphanidermatem isolate was originally recovered from a diseased cucumber
plant.  Pythium inoculum was grown for 15 days on a sterilized mixture of peat moss and
wheat hran (1:}. v/v), (Peat - bran} which was suggested by Roiger et al.[12] for the
growth of Phytophthora sp. Soil inoculum of R. Selani was prepared by growing the
fungus on moistened sterile wheat grain for 15 days at room temperature (20 + 3 C).
Inoculum of cach pathogen was air-dricd for twenty-four hours in a laminar flow hood,
ground in a mortar and pestle, then sieved through a 20 nun mesh sieve. Soil moculum
of cither pathogen was then added Lo the pots to be infested at the rate of 0.5% of the suil
mix dry weight. Planls were grown in the greenhouse al a lemperature of 25 £ 3 °C
under 16-hr illumination (200 p Em? sec') per day and were watered daily. The
treatments consisted of a control treatment (sprayed with water), a fungicide treatment
with Ridomyl (1.5g a.i./liter) in case of the Pythium hinassays and with Rizolex (1 ga.i. /
liter) in case of the Rhizoctonia bioassay, and LFSE treatments of 0.3%, 0.6%, and
0.9% of the crude extract diluted in water. All trearments were applicd twice, at the date
of planting and two weeks later.

The study was organized as a randemized complete block design and each treutment
wus replicated five times. Disease severity tatings were recorded two weeks after planting
aceording o the following scale [13]: 1 =symptomless; 2 = diseased but not damped off, 3
= post - elergence damping - off; 4 = preemergence damping - off. After four weeks, fresh
weight of the shoot system or sprout weight [3] was determined for 10 seedlings in each
treatment, Diseased seedlings were surface sterilized in 0.5% sodium hypochlorite for 1
min, rinsed thoroughly in sterile distilled water, and placed on corn meal agar {CMA) for
Pythiunt sp. or on acidified pototo dextrose agar (APDA) for R. solani, in order to rcisolate
the pathogens. All experiments were repeated twice and results combined. Analysis of
variance  was performed using PC SAS version 6.12 (SAS Institute, Carry, NC). Scparation
ot means were based on Duncan’s multiple range test (P < 0.05).

Results

In vifro assays

Lupin - fenugreek seed extract (LFSE} was effective in controlling the mycelhial
growth of Pythium aphanidermatum and Rhizoctonia solani in vitro. P. aphanidermatum
was nure senstive w LFSE as compared with R. selani (Table [). The mycelial growth
ol P. aphonidermatum was substantially inhibited (68.2% inhibition) at the lowest
concentration of LFSE (1 mg/ml). A complele inhibition of P. aphanidermatum mycelial
growth was obtained at the highest concentration tested (9 mg/ml} of LFSE. Also
Ridomyl MZ (1.5 mg/ml a.i.), and Rizolex T (1 mg/nl a.i.) completely inhibited P.
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aphanidermatum  mycelial growth, Benlate ( 0.5 mgiml ai); however, did not
demonstirate any efficacy against the tested isolate of P. aphanidermatum. The fungitoxic
effect of LFSE against R. solani was less_pronounced (Table 1), R. solani mycelial
growth wus not completely inhihited even al the highest tested concentration (9 mg/ml}
of LESE. Also the fungicides Ridomyl MZ (1.5 mg/ml a.i.} and Benlale (0.5 mg/ml a.i)
inhibited the mycelial growth of R. solani by 859% and 84.7%, respectively. Only
Rizolex T at the concentration of (1 mg/ml a.i.) resulted in 100% inhibition of B. solani
{Table 1).

Table 1. Effect of lupin-fenugreek seed extract (LESE) snd Pungicldes on linear growth of Pythivm
aphanidermatum and Rhizoctonia selani, after 72 br of incubation

5t Inhibition of fungul linear growth

‘Treatment P. gaphanidermatum R. solani
LFSE ¢1 mg/ml) 68.2 233
LFSE (3 mg/ml} 849 577
LESE (6 mg/ml) 855 [
LESE (9 mgfml) 1000 T6 5
Ridomyl MZ (1.5 mg/mi a.1.) 100.0 85.0
Rizolex T (I mg/ml a.j.} 100.0 10410
Benlade (0.5 mg/ml ai) o4 84.7

Effect of LFSE application on suppression of Pythium and Rhizoctonia damping~
off

The LESE treatments resulted in a significant decrease in damping - off caused
by either £, aphanidermatum. or R. solani in the greenhouse (Tahles 2, 3, 4). The three
tested concentrations of LFSE were suppressive to P. aphanidermatum dunping - off
(Tubles 2, 3). Mean disease severity volues in the nontreated control of both cucumber
and tomato seedlings were 3.9 and 3.2, respectively. Applying LFSE at 6 my/ml
lowered  the disease severity incidence to 1.8 and 1.4 in cucumber and tomalo,
respectively [Tables 2,31, Ridomyl MZ (1.5 mg/ml a.1.) represented the most eliective
reatment against Pythinm dumping-off in both cucumber and fomato broassays. LESE
weaument, however, resulled in 4 significant increase in fresh weight of cucumber and
tomato seedlings as compared with contrel (sprayed with waler unly) as well as the
fungicide treatmemts (Tables 2, 3). Also increasing the dose of LFSE, fcadioa
significant increase in seedling weight. For example, while the cucumber sprout
weight of the check (sprayed with water) was 0.92 g in the noninfested treatment,
applying 1.FSE increased the sprout weight to 1.68 g2, 2208, 237 ¢gat 3, 6,9 mg/ml
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of LFSE, respectively. A similar result was also obtained in case of the infested
treatment (Table 2).

Tahle 2. Fffect of Tupin-fenugreek seed extract (LFSE) and Ridomyl MZ on damping - ofT caused by
Pythium aphanidermatium and on sprout weight of curmnber seedtings

Disease severily Npront weight® {g.)
Treatment Check Infested Cheek Infested
LFSE (3 mg/mt) 1.1'h 23b 168 ¢ 1.52¢
LFSE (& mg/mt} 132 18d 2201 1.83b
LFSE (9 mg/inl) 13a 20¢ 237a 2.04a
Ridomyl M7 (1.5 mg/mla.i) I.1b I.1e 1.26d 0.90d
Cheack (sprayed with watcr only). 1.2 ab 39a 092¢ 0.57¢

° Means in a column followed by commen letters are not significantly different according to Waller-Duncan
K-ratio { test, K = 100 (approximates P=0.05).
“ Based on the fiesh weight ul the shaot system af 10 seedlings 4 weeks after planting,

Table 3. Effect of lupin-fenupreck seed exiract (| .FSE) und Ridomyl MZ on damping-off caused by
Pythinm aphanidermatum and on spront weight of tomato seedlings

Disease severity Sprout weight® (g.)
Treatment Check Infested Check Infested
LFSE (3 mg/ml} 13"a 1.3b 03¢ 02%b
LFSE (6 mg/ml} Lla 14¢ .46 h 0.29b
LFSE (% mg/ml) 1.2a 1.3¢ 0.52a (0.34a
Ridomyl MZ (1.5 mg/ml a.i.} I.1a 114 025d 0.18¢
Check {sprayed with water only). 13a 32a 0.25d 0.19¢

* Means in a column followed by common Ictters are not significantly different according to Waller-Duncan
K-ratio t test, K = 100 (approximates P=0.05).
“ Based on the fresh weight of the shoot system of H) seedlings 4 weeks adler planling

In the R. solani bicassay, the LFSE treatment has also resulted in a significant
decrease in damping - off of radish seedlings (Table 4). No significant difference in
disease severily was observed between the infested treatment sprayed with 6 mg/mi
LFSE and that sprayed with 9 mg/ml LFSE. Evidently, Rizolcx T (1 mg/ml a.i.} was the
most cffective treatment in controlling R. sofani damping - ofl Jowering discase severily
to 1.3 as compared with 3.4 in case of the infested check. Again, applying LFSE at
varous concentrations had a significant increasing effect on the sprout weight of radish
seedlings as compared with the control plants (sprayed only with water), as well as
seedlings sprayed with Rizolex T. R. solani was casily recovered from damped - of
radish seedlings on APDA. P. apharidermatum was reisolated from diseased seedlings
of hoth cucumber and tomato on CMA,



56 A M .El-Gizawy, er af.

Table 4. Effect of lupin-fenugreek seed extract (LFSE) and Rizolex T on damping-off caused by
Rhbizoctonia solani and on sprout weight of radish seedlings

Disease severity Sprout Welght* (g.)
Treatment Chetk Infested Check Infested
LFSE (3 mgfml) 12°a 28h 1.54¢ 1.46
LFSE (6 mg/ml) 1.3a 24¢ 1.600 1.32¢
LESE (9 mg/ml) I.1a 12c 261a 1.53a
Rizolex T (1 mg/mt a.i.) l.2a 1.3d 0.65d 047 d
Check (spruyed with water only). 1.2a 3da 0.65d 027e

* Means in a column followed by common letters are not significantly different according to Waller-Duncan
K-ratio ttest, K = 100 (approximates P=0.05).
* Based on the fresh weight of the shool system of 10 seedlings 4 weeks aller plunting.

Discussion

The results presented in this study are the first in Saudi Arabia to describe the
cilects of applying lupin-fenugreek seed extracts on suppression of some vegetable
diseases and on enthancement of plants growth under greenhouse conditions. In the
biocidal assays, LFSE was effective against P. gphanidermatum an Oomycete as well as
on R soleni a member of the Deuteromycetes. This may indicate that the toxic
substances in LFSE are active on a variety of fungi. P. aphamidermatum was move
susceptible to LFSE than R solami. While P. aphanidermatum mycelial growth was
completely inhibited by LESE at 9 mg/ml, approximately 77% of the linear growth of R.
solani was inhibited by the same concentration of LESE. On the other hand, Benomyl
failed to suppress the mycelial growth of the tested P. aphanidermatum isolatle at the
used concentration of 0.5 mg/ml a.i.. The more specialized fungicides, Ridomyl MZ (1.5
mg/ml ai) and Rizolex T (1 mp/ml a.i.), completely inhibited their tested target
otganisms L.¢. I'. aphanidermatum and R. solani, respectively.

The abtzined results demonstrated that the application of LFSE, as mentioned
previously, significantly (P=0.05) reduced damping - off caused by P. aphanidermatum
or R. selani undcr grecnhouse conditions . Although this is the first report on the
prophylactic  treatment of plants with LFSE, similar treatments have been recently
applied as an alternative to synthetic chemical pesticides [14; 15]. The mechanism by
which LFSE affects plant pathogens is not yet known. Seed infusion of both lupin
{Lupinus termis) and fenugreek (Trigonella foenum - graecum) have been traditionally
used as anthelmintic against most common nematodes [16, pp.47,71;9]. The antifungal
activity of lupin seed extract may be due to the presence of several flavonoids. Lupins
are known to contwin various flavonoids with antimicrobial activity {17;18,p.613;19].
Saxena and Vyas, [20] and more recently, Bhatti e al. [9), have demonstrated the
antimicrobial activity of fenugreek agueous seed extract, and atuwibuted it to its
flavonoids contents.
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LFSE weatments had an improved effect on increasing the seedlings sprout weight
of both infested and noninfested plants. For instance, sprout weight of cucumber
scedlings infested with P. aphanidermatum increased by 166.7%, 221.1%, 257.9% when
LFSE was applied at the concentrations of 3, 6, 9 mg/ml, respectively, as compared with
the control (sprayed with water only) (Table 2). Sprout - weight was recommended by
Walk and Sarkar [3], as an easy o mcasurc parameter for assessing damage caused by P,
aphanidermatum on cucumher. The dramalic increase in seedlings fresh weight may be
attributed to several factors, Lupins are known for their high nitrogenous content and
have been successfully wsed in green manuring . Seed decoction of fenupreek is
commeonly used as a galactagogue [8]. Therefore, the nulritional properties of both lupin
and fenugreek sceds may provide an explanation for the increased sprout weighi of plants
treated with LESE.

In order for sustainable agriculture to he a reality worldwide, we will require new
technologies to be encouraged including new crops, new biological control agents and
new agrochemicals. The results presented in this work may provide farmers with a new
and sule choice that may not only control vegetable damping-off, but also markedly
increase seedlings growth. To complete the picture, a further study on the purification
and identification of the chemical substances present in LFSE is currently under
invesligation,
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