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Abstract

Surveying plantations of rue (Ruta graveolens) exhibited a new
record of root rot and wilt fungal diseases for the first time in Egypt or
elsewhere. Isolation trials yielded several fungi belonging to 10 genera.
Fusarium moniliforme (21.3%), F. solani (17.6) and F. oxysporum (17.2)
showed the highest percentages of frequency, followed by Rhizoctonia
solani (13.3%) and F. semitectum (11.1%), while Pythium debaryanum
occurred at 10.9%. Pathogenicity studies using seeds or seedlings in
planting indicated that F. oxysporum, P. debaryanum and R. solani were
the most aggressive fungi.

In infested soil, the use of Topsin M and Vitavax/Thiram as seed
dressing, significantly controlled damping-off diseases in case of F. mo-
niliforme, F. oxysporum and Sclerotinia sclerotiorum, while Plant Guard
(Trichoderma harzianum, 3x10° cfu/ml) or Rhizo-N (Bacillus subtilis,
3x107 cfu/gm) were the least effective. Also, these fungicides or bioa-
gents successfully decreased infection significantly in comparison with
the control when soils were infested with P. debaryanum or R. solani. On
the other hand, dipping in Topsin M solution was generally the most ef-
fective treatment for the transplants against rue diseases, although it
failed to give sufficient control in some cases. Efficacy of Plant Guard
and Rhizo-N as transplants dipping treatments varied according to the
pathogen. Rhizo-N was generally the best one. Positive effective values
of the bioagents were approximately equal to that of Topsin M. Moreo-
ver, they were successful in some cases where fungicides were not.

INTRODUCTION

Rue (Ruta graveolens L.) is a perennial sub-shrub belonging to the family Ruta-
ceae and originating from the Eastern part of the Mediterranean. As a medicinal plant,
rue has been known in Europe for 1500 years (Hornok, 1992). The parts used are
flowering tops known as rue or sazab. It is an important medicinal plant with constitu-
ents of volatile oil, rutis and rutinic acid, quercetin and resin (Mahran, 1967), usually
planted in various locations of Egypt in small areas. '
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Unfortunately, wilt and root rot diseases began to appear, for the first time in
Egypt, on‘growing mature plants at the Farm of Medicinal and Aromatic Plants Research
Station, El-Kanater El-Khairia, Qalubyia governorate. Infection resulted in pronounced
losses in plant stand and yield. The same diseases were also recorded on seedlings of
nursery and mature plants in Giza and Beni-Suief during survey performed during 1999-
2000. The recorded diseases were, however, considered among the most important
and destructive diseases of other different medicinal and aromatic plants ali over the
world including Egypt (Abdel Sattar et al., 1987b; Agnihorti, 1991 and Hilal et al.,
1998).

According to the available literature, root rot and wilt diseases of rue were not
recorded in Egypt or elsewhere. Therefore, incidence of these diseases and their causal
pathogens as well as chemical and biological control were studied.

MATERIALS AND METHODS
Isolation, purification and identification of the causal pathogens:

Wilted and rotted plants were collected from the Farm of Medicinal and Aromatic
Plants Res. Sta. at El-Kanater El-Khairyia, Qalubyia governorate. The samples were thor-
oughly washed with tap water, cut into small pieces and surface sterilized with sodium
hypochlorite (1%) for 3 minutes, washed several times with sterilized distilled water
and dried between sterilized filter paper. The sterilized pieces were aseptically trans-
ferred to Petri dishes of PDA medium and incubated at 25°C for 7 days.

The growing fungi were purified using single spore or hyphal tip techniques and
identified according to Booth, (1971) and Domsch et al., (1980). Also, the identifica-
tion was kindly confirmed by Mycol. Res. and PI. Dis. Survey Dept., Pl Path. Res. Inst.,
ARC, Giza.

Pathogenicity studies:

Fungi were grown on PD liquid media (200 gm potatoes and 20 gm dextrose per
liter of medium) in 500 mi glass bottles . Inoculation was carried out with 5Smm fungal
discs taken from the margins of 10-days-old cultures of Fusarium oxysporum, F. monili-
forme (No. 6 and 9), F. semitectum, F. solani, Pythium debaryanum, Rhizoctonia sclani
(No. 7 and 8) and Sclerotinia sclerotiorum. The inoculated bottles were incubated at
25+1°C for 20 days.

Formalin-sterilized pots (10 and 20 cm diam.) were filled with autoclaved soil.
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The potted soil was infested with each fungus at the rate of 1% (v/w). Five pots were
used for each treatment, and each pot was considered as one replicate. Apparently
healthy seedling (45-days-old), or 5 seeds were used for planting in 20 and 10 cm
diam. pots, respectively.

Pre- and post-emergence damping-off were recorded, 20 and 60 days after seed
planting, respectively, while percentages of infection were recored 3, 6, 9 weeks after
planting, when seedlings were used. However, occurrence of the diseases was recorded
when symptoms of yellowing, stunting, wilting and/or rotting were observed.

Chemical and biological control:

Three commercial formulations namely Topsin M 70% WP, Vitavax/Thiram
75%WP and Humix were used. The first two fungicides were used either at the rate of
3g/L. water (dipping treatment) or at the rate of 3g/kg seeds (seed treatment), and
Humix (Humic acid 12% + manganese 0.5% + zinc 1% + ferric 1% + copper 200 ppm
+ boron 100 ppm + calcium 200 ppm + traces of sulphur, molybdenum and cobalt) at
the rate 12 ml/L water were used for seedlings only. Also, Plant Guard (7richoderma
harzianum; 3x107 cfu/ml) and Rhizo-N (Bacillus subtilis; 30x107 cfu/gm) as commer-
cial bioagents were used. Seeds were immersed in plant Guard (4 ml/L water) for 12
hours before planting, while Rhizo-N was used as seed dresser (4 g/ kg seeds) with
gum Arabic as sticker. As for seedlings, apparently healthy ones (45-days-old) were,
however, dipped in suspension of each tested compound (2 gm/L water) or biocide (4
ml or 4 gm/L water) for 20 minutes before planting in infested or uninfested soil.

Percentages of pre-and post-emergence damping-off, 20 and 60 days after seed
planting, respectively, or percentages of infection 3, 6 and 9 weeks after planting
seedlings were recorded.

RESULTS
l. Isolation, identification and frequency of the isolated fungi:

One hundred purified fungal isolates were obtained from rotted root and wilted
seedlings and plants (Fig. 1). Seven species belonging to four genera of the 10 isolat-
ed were identified as: Fusarium moniliforme, F. oxysporum, F. semitectum, F. solani,
Pythium debaryanum, Rhizoctonia solani and Sclerotinia sclerotiorum (Table 1). Fusari-
um moniliforme (21.3%), F. oxysporum (17.2%) and F. solani (17.6%) showed the
highest occurrence percentages, followed by F. semitecium (11.1%), P. debaryanum
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Fig. 1. Rue plants (10-months-old) showing natural infection symptoms of root rot on

foliar growth at the beginning of disease development. Symptoms began to ap-
pear at the flowering stage.
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(10.9%) and R. solani (13.3%). On the other hand, Alternaria, Aspergillus, Helminthos-
porium, Nigrospora, Rhizopus and Trichoderma recorded the lowest percentages of oc-
currence being 1.7%, 0.4%, 0.2%, 0.9%, 0.6% and 0.5%, respectively.

Table 1. Occurrence percentages of the fungi-isolated from infected roots and stems

of rue.
Fungi Frequency % Source and symptoms
Fusarium moniliforme 21.3 root rots
F. oxysporum 17.2 root & stem* rot & wilt
F. semitectum iK1 root rots
F. solani 17.6 root rots
Pythium debaryanum 10.9 root & stem rots
Rhizoctonia solani 13.8 root & stems
Scelrotinia scelrotiorum 4.3 stem rots
Alternaria sp. 1.7 root rots
Aspergillus sp. 0.4 stem rots
Helminthosporium sp. 0.2 stem rots
Nigrospora sp. 0.9 stem rots
Rhizopus sp. 0.6 root rots
Trichoderma sp. 0.5 root rots.

* Stems = basal stems.

Il. Pathogenicity studies:

1. Seeds planting:

Data in Table (2) show that most of the tested fungi recorded more than 50%
of pre-emergence damping-off. Pythium debaryanum (80.0%) and R. solani (60.0-
66.7%) were, however, the most aggressive fungi, whereas F. oxysporum (33.3%), S.
sclerotiorum (33.3%) and F. semitectum (46.7%) showed the least incidence percent-
ages. On the other hand, all the tested fungi caused the post-emergence phase of the
disease (6.7%-46.7%). Both F. oxysporum and S. sclerotiorum resulted in 46.7% dis-
ease incidence. As for survivals after 60 days of planting, only 13.3% to 33.3% were
recorded and the least percentages (13.3%) was recorded with P. debaryanum.
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Table 2. Pathogenicity tests of nine fungi to Ruta graveolens planted with seeds, under
greenhouse conditions.

% infection Yo
Fungi Pre-emergence Post-emergence Healthy
20 days after planting 60 days after planting survivals

Fusarium moniliforme (No. 6) 53.3 20 26.7
Fusarium moniliforme (No. 9) 53.3 26.7 20
F. oxysporum 33.3 46.7 20
F. semitectum 46.7 20 33.3
F. solani 53.8 26.7 20
Pythium debaryanum 80 6.7 13.3
Rhizoctonia solani (No. 7) 66.7 13.3 20
R. solani {No. 8) 60 13.3 26.7
Scelrotinia scelrotiorum 33.3 46.7 20
Control_(without fungus) o __e ______Q________i(lo__
[LsDats% TS 9.4 B 8.4 -

2. Seedlings planting:

All the tested fungi (Table, 3) were able to cause root rot and wilt diseases to
rue seedlings (Figs. 2, 3). Percentages of infection were gradually increased by time
elapse from 3 to 6 and 9 weeks. It reached (11.1% - 66.6%), (33.3%-88.9%) and
(44.4% - 88.9%) at 3, 6 and 9 weeks after transplanting, respectively. R. solani No. 8
(66.6%) and P. debaryanum ( 88.9) after 3 and 6 weeks of transplanting gave signifi-
cantly higher percentages of infection than the other tested fungi in most cases. On
the other hand, F. oxysporum (11.1%) and P. debaryanum (11.1%) followed by R. sola-
ni No. 8 (22.83%} resulted in the least percentages of healthy survival plants, while F.
semitectum (44.5%) and S. sclerotiorum (55.6%) gave the highest ones.

Ill. Controt studies:
A. seed dressing:

Daia (Table 4) indicate that the effectiveness of fungicides and bioagents in
controlling the studied diseases varied according to the fungus and the type of pesti-
cide used. However, the incidence of pre-and post-emergence-damping-off caused by
F. moniliforme, F. oxysporum and S. sclerotiorum was significantly decreased by using
either Vitavax/Thiram or Topsin M, while, the bioagents were not effective. Pythium
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Table 3. Pathogenicity tests of nine fungi to Ruta graveolens seedlings, under green-

house conditions.

% infection after (weeks)
Fungi Mean  Healthy
3 6 9 survival

Fusarium moniliforme (No. 6) 22.2 44 .4 66.6 44 .4 44 .4
Fusarium moniliforme (No. 9) 22.2 55.5 66.6 48.1 44 .4
F. oxysporum 44 .4 66.6 88.9 66.6 1141
F. semitectum 11.1 44.4 55.5 37 44.5
F. solani 22.2 55.5 66.6 48 .1 44.4
Pythium debaryanum 44 .4 88.9 88.9 74 11.1
Rhizoctonia solani (No. 7) 55.5 55.5 66.6 59.2 44.4
R. solani (No. 8) 66.6 66.6 el 70.83 22.3
Scelrotinia scelrotiorum 111 33.3 44 .4 29.6 55.6
Control_ (without fungus) _____0.00___ 0.00 _0.00 _ 0.00 _0.00_
[Mean 33.3 56.7 _ 69.1 g
LSD at 5% for Fungi (F) = 14.0

Periods (P) = 7% 4

FxP= 24.3

Table 4. Effect of chemical and biological treatments on the percentage of damping-off

of Ruta graveolens as seed dressing, under greenhouse conditions.

Topsin Rhizo Plant Control
Fungi Vitavax/Thiram M N Guard (without
treatment)
/‘usarium moniliforme * Pre- 13.3 20 20 26.7 60
Post- 6.7 20 20 33.8 40
/7oxysporum Pre- 6.7 6.7 13.3 138.3 20
Post- 26.7 33.3 46.7 60 66.7
/Pyihium debaryanum Pre- 26.7 33.3 33.3 33.3 60
Post- 18.3 13.3 13.3 20 33.3
R. solani** Pre- 20 20 26.7 33.3 53.3
Post- 6.7 13.3 13.3 20 26.7
S. scelrotiorum Pre- 6.7 6.7 13.3 20 33.3
Post- 20 26.7 33.8 33.3 40
Mean Pre- 14.7 17.3 21.83 25.3 45.3
Post- 14.7 21.3 25.3 33.3 41.3
* F. moniliforme (Nos, 6 & 9).
** R. solani (Nos. 7& 8).
LSD at 5% for: Pre- Post-
Fungi (F) = 3.1 3.6
Fungicides (Fu) = 3.1 3.6
Fx Fus= 7.0 8.0
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Fig. 2. Showing symptoms of stunting, yellowing, weathering and/or defoliation as a
result of root rot incited by P. debaryanum, (Py), R. solani No. 7, (R.s7) R. sola-
niNo. 8 (R.s8) S. sclerotiorum (Sc) and control (c) 60 days after transplanting
in infested soil.

Fig. 3. Symptoms of roots rots caused by F. solani (No. 1), R. solani (No. 3) and S.
sclerotiorum (No. 4), wilt incited by F. oxysporum (No. 2) and control (c).
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Fig. 4. Showing effectiveness of using Topsin M (dip treatment) against F. semitectum
(F.sem) and F. solani ( F.so) and Humix (H) against F. oxysporum (F.ox).

Fig. 5. Showing effectiveness of using Plant Guard (p.G), (dip treatment) against P. debar-
yanum (Py) and F. moniliforme (F.mon) and Rhizo-N (Rizo) against F. moniliforme
(F.mon) and F. oxysporum (F.ox).
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.

debaryanum and R. solani were, however, significantly controlled by each one of the
fungicides and bioagents. On the other hand, Vitavax/Thiram was generally superior
than Topsin M in controlling the diseases, and Rhizo-N gave the same effect in compari-
son with Plant Guard.

B. Dipping treatments:

Data presented in Table (5) show that Vitavax/Thiram was generally the most
effective commercial product among those tested in controlling root rot and/or wilt
diseases. Infection with F. moniliforme (No. 6 & 9) and R. solani (No. 7) were signifi-
cantly affected by both Vitavax/Thiram and Topsin M., in certain cases. Also, F. monili-
forme; No. 6 (Topsin M), F. semitectum (Vitavax/Thiram) and S. sclerotiorum (Topsin
M) were significantly controlled after 9 weeks with the refered fungicides.

Both bioagents (Rhizo-N and Plant Guard) significantly decreased diseases inci-
dence in comparison with the control in case of only F. moniliforme (No. 6) and F. sola-
ni, whereas, Rhizo-N alone gave significantly effective action against F. oxysporum, F.
semitectum and P. debaryanum and Plant Guard against F. moniliforme (No. 9) and R
solani (No. 7 and 8). On the other hand, Humix product was the inferior compound,
since it could not effectively control any diseases. Effectiveness of fungicides and bioa-
gents in controlling the studied diseases is clearly shown in Figs (4 and 5).

Effectiveness of Plant Guard or Rhizo-N in controlling root rot and/or wilt diseas-
es were approximately equal to those of Topsin M. In spite of the fact that Topsin M
and Vitavax/Thiram failed to give significant reaction against diseases caused by some
of the tested fungi, each one of the biocides remained effective. Fusarium monilifore
(9) incidence was 44.4% with Vitavax Thiram, while it was (22.2%) with Rhizo N and
33.3% with Pland Guard. Also, Fusarium solani infection percentage was 33.3% with
Topsin M, while it was 6% and 11.1% with Plant Guard. Rhizoctonia solani infection per-
centage was 33.3% with Topsin M, while it decreased to 22.2% with Plant Guard.
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Table 5. Effect of chemical and biological control on percentages of root rot and wilt

diseases of Ruta graveolens, under greenhouse conditions.

Vitavax/ Topsin Rhizo Plant  Humix Control
Fungi Thiram M N Guard (without
treatment)
Fusarium moniliforme “6" 3 * 0.0 1.1 1141 0.0 111 22.2
6* 1.1 22.2 1141 22.2 33.3 44.4
i 33.3 55.5 44.4 44.4 66.6 TTir
Fusarium moniliforme "9" 3 111 () S i [ 1.1 22.2 33.3
6 33.3 22.2 222 22.2 33.3 44 .4
9* 44 .4 44.4 222 33.3 55.5 66.6
F. oxysporum 3= 0.0 111 111 1.1 11.1 33.3
6 1.1 22.2 2272 33.3 44.4 55.5
9* 22.2 44,4 222 55.5 66.6 77.7
F. semitectum 3* 0.0 0.0 0.0 11.1 0.0 22.2
6* 33.3 111 22.2 22.2 33.3 44 .4
9" 33.3 22.2 222 44.4 44 .4 55.5
F. solani 3 1.1 111 0.0 0.0 1.1 22.2
6* 1.1 33.3 33.3 11.1 44.4 66.6
9* 111 33.3 33.3 22.2 55.5 66.6
P. debaryanum 3* 111 0.0 111 0.0 22.2 33.3
6* 33.3 0.0 444 33.3 55.5 66.6
9* 33.3 22.2 444 55.5 55.5 i g 4
R. solani "No. 7" 3™ 0.0 0.0 11.1 111 11.1 33.3
6" 1.1 33.3 33.3 22.2 44.4 55.5
9* 33.3 33.3 444 22.2 44 .4 55.5
R. solani "No. 8" g™ 0.0 0.0 11.1 0.0 1.1 22.2
6" 0.0 33.3 33.3 11.1 33.3 44.4
9* 22.2 33.3 444 22.2 44 .4 66.6
S. scelrotiorum 3* 0.0 0.0 0.0 1.1 0.0 33.3
6* 0.0 1.1 0.0 22.2 22.2 33.3
' 1.3 22.2 22.2 22.2 22.2 44.4
Mean 3* 3.7 3.7 7.4 6.2 11.1 28.4
6™ 16.0 21.0 247 22.2 38.2 50.6
9 * 27.1 34.5 33.3 35.8 50.6 65.4
* weeks after planting.
LSD at 5% for: Fungi (F) = 7.4 FxP = 12.9
Fungicides (Fu) = 6.1 FuxP = 10.5
Period (P) 4.3 FxFuxP = 31.4
FxFu= 18.2
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DISCUSSION

According to the available literature, there are no previous studies concerning
fungal diseases on rue (family Rutaceae) in Egypt or elsewhere; however, the same ob-
served diseases were recorded on medicinal and aromatic plants belonging to the rue
family. Root rots and wilt diseases were reported to cause considerable losses on sev-
eral medicinal and aromatic plants in Egypt and all over the world. These plants were
pelargonium and marjoram (Hilal et al., 1998 ), chamomile (Abdel-Sattar et al.,, 1987b
and Hilal et al., 1998) cumin (Hilal et al., 1993'and 1998), coriander and fennel (Agni-
hotri, 1991) and basil (Garibaldi et al., 1997 and Hilal et al., 1998). However, Fusarium
spp., Pythium spp., R. solani and S. sclerotiorum are among the causal pathogens of
root rots and wilt of the afore-mentioned plants similar to those found on rue plants in
the present investigation.

Using fungicides as an effective procedure of soilborne diseases management ei-
ther as seed dressing or dipping treatment for cuttings or seedlings of medicinal and
aromatic plarits are recommended by several investigators (Abdel-Sattar et al., 1987a;
Mohamed et al., 1987 Hilal et al., 1993; Agnihotri, 1991; Garibaldi et al., 1997). Top-
sin M and/or Vitavax/Thiram were, however, effective fungicides against root rots and/
or wilt of basil, chamomile, coriander, cumin, fennel, marjoram and pelargonium similar
to those found against rue diseases.

Plant Guard (Trichoderma harzianum) and Rhizo-N (Bacillus subtilis) were found
to be promising alternatives to chemical fungicides, since their values as seed dressing
were approximately equal to Topsin M. Moreover, they were sometimes more effective
as dipping treatments than Topsin M and Vitavax/Thiram. Considerable values of these
two bioagents against root rots and wilt diseases of rue were also found on a wide
range of plant varieties including medicinal plants (Cook and Baker, 1983; Hilal and
Helmy, 1998 and Hilal and Baiuomy, 2000). Biological control is, also, very useful in re-
ducing undesirable environmental pollution and public exposure to pesticides.
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