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ABSTRACT 
 

Biological and physiological assays have been used to evaluate 
garlic cultivars for their resistance to the pink root disease. Biological 
methods using artificial media amended with Pyrenochaeta terrestris and/or 
its toxins or using soil infested with the pathogen P. terrestris were tested to 
evaluate the resistance of seedlings of various garlic cultivars against the 
pink root disease.  Results showed that the assay using the fungus-free 
Pyrenochaeta toxins was more reliable than using the fungus itself, in which 
determination of the disease resistance of garlic seedlings was possible in 7 
days without the problems of contaminations. Physiological assays indicated 
that histones and RNA contents in garlic plants play a role in their resistance 
to the pink root disease. 
Keywords: Garlic, pink root disease, Pyrenochaeta terrestris, disease 

resistance 
 

INTRODUCTION 
 

Pink root is one of the most important diseases that attack cultivated 
Allium spp. (Anonymous. 1973). Pink root disease caused by Pyrenochaeta 
terrestris has been reported as a serious disease to garlic in Egypt (Shalaby 
et al., 2002). Pink root pathogen is soil-borne fungus, which remains viable in 
the soil for many years (Rengwalska and Simon, 1986). Roots infected by P. 
terrestris turn pink initially and then become brittle and die. Although P. 
terrestris can be present in roots, it does not invade the basal plate or stem of 
the bulb (Coleman and Ellerbrock, 1997). 

Crop rotation, solarization and fumigation are the most common 
methods for controlling soil-borne diseases (Porter et al, 1989). Although crop 
rotation is often suggested to decrease inoculua of soil-borne pathogens, the 
wide host range of P. terrestris makes this control strategy impractical. P. 
terrestris has been isolated from and has been shown to cause disease on 
many species of plants from 45 genera, including other Allium spp., broadleaf 
weeds, grasses, grains and vegetables (Coleman and Ellerbrock, 1997). 
Solarization is not effective measure because garlic must be in the field 
throughout the cold months of the year in Egypt. Fumigation is expensive, 
and there is growing concern about the environmental hazards of chemical 
fumigants. Additionally, the high cost of registration for use on a minor crop 
such us garlic may limit fumigant availability in the future.  

Resistant garlic cultivars offer one of the best non chemical means 
for controlling soil-borne diseases. Little garlic breeding programs have been 
directed toward developing pink root resistant material. All garlic in 
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commercial production today is a sexually propagated, but recent 
development suggested the possibility of routine sexual reproduction and 
consequent in corporation of new genetic variation into cultivated garlic 
(Konvicka, 1984). The present studies were undertaken to develop assays to 
evaluate pink root reaction with garlic cultivars. 
 

MATERIALS AND METHODS 
 

The pathogen: 
Pathogenic isolate of P. terrestris was obtained by isolation from 

infested garlic in Ismailia governorate, Egypt. The cultures of various isolates 
of the fungus were identified according to Barnett (1960). Inoculum of the 
pathogen was prepared according to Rengwalska and Simon (1986). The soil 
)23.5 kg) in 25 cm diameter pots was infested with 100 ml of P. terrestris 
inoclum and 1.4 L of distilled water were then added to the soil to help in 
even distribution of the inoculum throughout the pot soil as well as to provide 
enough moisture to enhance the pathogen activity. Pathogenicity tests of P. 
terrestris were confirmed. 
Toxin production: 

Pyrenochaeta toxin(s) was(were) produced on Czapek's medium with 
powdered cellulose. Cultures of the respective isolates of the fungus were 
used to inoculate four liters of the broth medium (Hess and Weber, 1988). 
The culture filtrate containing the fungal toxin(s) was concentrated by 
evaporation at 45 C. One liter of concentrated culture filtrate was added to 
1.2 L butanol and shaken. The solvent was allowed to separate into phases 
in a separatory funnel. The top (butanol) layer contained most of the toxic 
material. The bottom (water) layer was re-extracted with 800 ml butanol. The 
butanol fraction was retained and combined with the first butanol fraction. The 
combined butanol fraction (about two liters) was evaporated to dryness at 
45

o
C. The residue solubilized by addition of 20 ml ethyl ether and tested in a 

seedling assay. 
Garlic Seedlings preparation:  

Cloves of Balady, Seds-40, Chinese, American and Spanish garlic 
cultivars were germinated by soaking in distilled water on filter paper in Petri 
dishes (9-cm-diam) for 7-10 days. During that period, the water was changed 
several times. Garlic seedlings were used in the bioassay for determining 
their resistance to the pink root disease. 
I. Biological assays: 

Rating for pink root reactions was performed on garlic seedlings 
grown in artificial media amended with P. terrestris or with Pyrenochaeta 
toxins.  
1. Using artificial medium amended with P. terrestris: 

Previously germinated garlic seedlings of 5 cultivars (Balady, Seds-
40, Chinese, American, and Spanish) were transferred to 9 cm Petri dishes 
containing artificial agar medium (1 g MgSO4, 3 g NaNO3, 20 g agar, and 
1000 ml H2O) (Hess, 1966), that was inoculated with P. terrestris and the 
surface of the agar was covered with the fungal growth. Sterile 9-cm-diameter 
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filter papers  were placed over the seedlings and were moistened with sterile 
distilled water. The dishes were placed at room temperature for 10 days. 
Sterile distilled water was added periodically to prevent drying.  Garlic 
seedlings placed in dishes containing fungus-free medium and treated 
similarly served as the control treatment. The treatments were distributed 
using a randomized complete block design with 20 replicates. Percentage of 
the pink root disease was estimated.  
2. Using artificial medium amended with Pyrenochaeta toxins: 

Pyrenochaeta toxins (as 0.2 ml of ether soluble fraction) were added 
to the agar surface in Petri dishes containing same agar medium as 
described above but with no fungus. After the ether evaporated, pre-
germinated seedlings of various cultivars of garlic were placed on the agar 
surface and covered with filter paper moistened with 0.1 ml of the toxin as 
ether fraction. Sterile distilled water was used to moisten the agar surface 
and filter paper. The control treatment was similarly prepared but only sterile 
water was added, instead of toxin fraction, to the agar surface and filter 
paper. Seedlings were kept in the dishes at room temperature for 7 days. The 
Petri dishes of all treatments were arranged in a randomized complete block 
design with 20 replicates. Root lengths of seedlings were measured as an 
index of the toxicity of the fungal toxins. 
3.– Using soil artificially infested with Pyrenochaeta inoculum: 

Garlic cloves of five cultivars (Baledy, Seds-40, Chinese, American, 
and Spanish) were sown in pots (25-cm-diam.) inoculated with P. terrestris as 
previously mentioned in October at the rate of two cloves per pot. Pots of 
fungus-free soil served as control treatment. The treatments were arranged in 
a completely randomized design with 20 replicates per treatment. Percentage 
of the pink root disease was estimated 100 days after planting. Garlic bulb 
yield was determined as g/pot. 
II. Physiological assays: 

Garlic plants of Balady (resistant) and Seds-40 (susceptible) cultivars 
were used in this study. This experiment was carried out under greenhouse 
conditions. Pots (30-cm-diam) filled with P. terrestris infested soil as 
mentioned before. Cloves of Balady and  Sed-40 garlic cvs were sown on 
October 3, 2010 at two cloves/pot. Pots of fungus-free soil served as a 
control. Pots of all treatments werearranged in randomized complete block 
system with ten replicates per treatment. Plant samples were randomly 
collected after 100 days from three pots. Higher molecular weight basic 
proteins [Pyrenochaeta histones (poly lysine and poly arginine)] were 
extracted from garlic shoots according to Johns (1964) and Bonner et al 
(1968), using electrophoretic analysis of basic protein fractions. RNA content 
was estimated in fresh leaves by the method described by Nitsan and Lang 
(1966). Free phenols were determined according to Anonymous (1960). 
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RESULTS AND DISCUSSION 
 

I. Biological assays to evaluate garlic cultivars for their susceptibility to 
the pink root disease 
1. Using artificial medium amended with Pyrenochaeta inoculum: 

All garlic cultivars tested did not significantly differ in their 
susceptibility to the pink root fungus, when using artificial medium containing 
the fungus (Table 1). The fact that the disease incidence was relatively high 
on all cultivars may be due to that the inoculum load was so high that it was 
not a good measure to disease resistance of garlic seedlings. This 
suggestion can be elucidated in the light of the findings of Hess and Weber 
(1988) who indicated that non-pathogenic isolates of the fungus P. terrestris 
did not infect host tissue, although pink hyphae were sometimes observed on 
root surface. 

Indication of the pathogenicity of the fungus was obtained within 10 
days but the susceptibility was limited. Therefore, using artificial media 
amended with P. terrestris was not effective measure for pink root resistance 
determination of garlic cultivars. 
 
Table (1): Screening of garlic cultivars for their susceptibility to the pink 

root disease by using artificial medium amended with 
Pyrenochaeta inoculum. 

Garlic cultivar 
Pink root disease incidence

*
 (%), 10 days after transferring 

garlic seedlings onto the inculcated medium 

Balady 62 

Seds-40 65 

Chinese 65 

American 65 

Spanish 65 

L.S.D. (5%) n.s. 

* Average of 20 seedlings for each treatment or cultivar. Control was considered to be 0% 
disease incidence. 
 

2. Using artificial medium amended with Pyrenochaeta toxins: 
Data presented in (Table 2) show that there is a significant 

differences among cultivars in their susceptibility to the pyrenochaeta toxins. 
Cultivar seedlings of Balady showed the least degree of susceptibility. On the 
other hand, seedlings of Spanish cultivar showed intermediate reaction to the 
toxins, whereas seedlings of Seds-40, Chinese and American cultivars were 
highly susceptible to Pyrenochaeta toxins. This assay gave good indication of 
resistance/susceptibility of seedlings of garlic cultivars. Pyrenochaeta 
terrestris produces three pyrones known as Pyrenocine A, B, and C (Sato et 
al, 1981 and Sparace et al, 1984). Pyrenocine A inhibits seedling elongation 
and is toxic to tissue protoplasts, whereas pyrenocines B and C appear to 
have no effect. These metabolites may have a role in the pink root disease. It 
is clear that using Pyrenochaeta toxins was effective measure for pink root 
resistance determination of garlic cultivars. 
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Table (2): Screening of garlic cultivars for their susceptibility to the pink 
root disease by using artificial medium amended with 
Pyrenochaeta toxins 

Garlic cultivar 
Root length (mm)

1
 

Untreated control
2
 Treated

3
  Inhibition (%) 

Balady 3.2 3.0 6 

Seds-40 3.6 1.7 53 

Chinese 3.6 1.7 53 

American 3.5 1.8 40 

Spanish 2.9 2.1 28 
1
 Average of 20 seedlings for each treatment or cultivar.  

2
 Control was treated with sterile distilled water only. 

3
 Toxin concentration was 20 mg/ml. 

 
3. Using soil artificially infested with P. terrestris inoculum: 

Symptoms of pink root on garlic plants were apparent 90 days after 
planting in infested soil. The pink root disease symptoms were measured on 
the basis of root pinking and basal plate rot as described by Nichols et al. 
(1965). There were great differences between tested cultivars in their 
resistance to the pink root disease (Table, 3). Balady was highly resistant as 
indicated by zero incidence of pink root. Spanish cultivar plants were less 
resistant than Balady's as 25%  pink root incidence was recorded. Seds-40, 
Chinese and American cultivars plants were highly susceptible (69.18 , 69.18, 
and 58.30%, respectively). 

The was a negative relationship between mean pink root incidence 
and mean yield of bulbs of the tested cultivars (Table 3). In inoculated plants, 
bulbs weight (g/pot) of Balady cv. was the highest among the cultivars (Table 
3). 

 
Table (3): Screening of garlic cultivars by using artificial soil with P. 

terrestris. 

Garlic cultivar 
Disease incidence (%)

*
, 100 

days after planting 
Yield 

(bulb weight; g/pot) 

Balady Healthy 
Infected 

00.00 
00.00 

39.6 
39.6 

Seds-40 Healthy 
Infected  

00.00 
69.18 

48.2 
36.2 

Chinese Healthy 
Infected  

00.00 
69.18 

48.2 
36.2 

American Healthy 
Infected   

00.00 
58.30 

42.6 
34.2 

Spanish Healthy 
Infected  

00.00 
25.17 

30.4 
28.4 

L.S.D. (5%) 3.32 2.91 

* symptoms of the pink root disease on garlic were apparent 90 days after planting in the 
infested soil. The pink root disease was measured on the basis of root pinking as 
described by Nicols et al (1965). 
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Various biological methods have been used to determine resistance 
and susceptibility of garlic cultivars to pink root disease. Rating for pink root 
resistance were performed on garlic seedlings grown in artificial media 
amended with P. terrestris in addition to exposing garlic seedlings to 
Pyrenochaeta toxins in a separate test. These methods measured the effect 
of P. terrestris on the disease incidence but not on yield losses. Garlic 
seedlings were grown in pots amended with Pyrenochaeta inoculum in the 
greenhouse, this method was undertaken to determine pink root reaction of 
garlic cultivars and losses of yield, but symptoms of pink root on garlic started 
to appear 90 days after planting in the greenhouse. In this concern Thornton 
and Mohan (1996) found that symptoms of pink root is not usually apparent 
during early stages of onion growth when temperature are below optimum for 
growth of the pathogen. P. terrestris has the optimum temperature 28

o
C 

(Shalaby et al., 2002). Absence of pink root late in the season may not 
adequately replicate the actual level of pink root resistance since resistance 
could be expressed as a voidance by early maturity before soil temperature 
became optimum for the pathogen, reduced susceptibility of roots to the 
pathogen or extensive replacement of infected roots with new healthy roots 
(Levy and Gornik , 1981). 

A major advantage of using fungus-free toxins is that the problem 
with microbial contaminants would be greatly reduced (Hess and Weber, 
1988). Hess (1966) demonstrated that the virulence of different isolats of P. 
terrestris varied significantly. Levy and Gornik (1981) and Netzer et al (1985) 
indicated that several weeks to months are required to screen onion cultivars 
for resistance to the onion pink root fungus P. terrestris, as well as soil 
treatment procedure takes time and is expensive (Katan et al, 1980). 
Therefore, the pathogen’s toxins may be more useful in screening for a 
general resistance to garlic pink root disease, but do not measure yield 
losses. 

Procedure using fungal toxins was the most reliable in the cultivar 
evaluation for resistance against pink root disease of garlic seedlings, in 
which, results could be obtained in only 7 days without serious problems from 
contaminants. To standardize seedling evaluation procedures with any of the 
method mentioned, more information will be needed concerning the presence 
of toxic components produced by the various isolates of the fungus P. 
terrestris. 

In conclusion, biological assays using artificial media amended with 
P. terrestris, Pyrenochaeta toxins, or soil artificially infested with P. terrestris 
were developed to determine resistance of various garlic cultivars to the pink 
root disease. Biological assay using artificial medium amended with 
Pyrenochaeta toxins was the most reliable and time-effective for the 
evaluation of garlic cultivars for their resistance to pink root disease. 
II. Physiological assays: 
Histones content: 

The leaves of cultivar Balady (resistant) werecharacterized by their 
significant high content of histones (poly lysine and poly arginine), 100 days 
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after planting whether the plants were healthy or infected, in comparison with 
Seds-40 ones (susceptible) (Table 4). 

The results obtained are in line with those of Hadwiger et al (1977) 
who cleared that basic pea proteins rich in lysine and arginine are potentially 
more important in the pea tissue's resistance to plant pathogenic fungi. These 
histones inhibit the growth of Fusarium solani f. sp. phaseoli or pisi in vitro. 

Ruiz-Carrillo et al. (1975) indicated that histones are synthesized in 
the cytoplasm and transported to the nucleus in synchronization with DNA 
synthesis within the cell. Once they have become localized in nucleoprotein, 
they may be unavailable to the fungus. However, Hadwiger et al. (1977) 
explained that changes in arrangement or number of potential for activation of 
histone genes could influence the potential for disease resistance. Shalaby et 
al. (2007) indicated that levels of histones, peroxidase and phenoloxidase 
activity, as well as RNA content were higher in pathogen-inoculated leaves of 
resistant garlic cultivar (Balady) than susceptible one (Seds-40). 

It may be concluded that the resistant cultivar contained higher 
amounts of histones and therefore, the plant can resist P. terrestris. In other 
words, there is a positive correlation between histones content and resistance 
of garlic to P. terrestris. 
RNA content:  

It seems clear from the data presented in Table 4 that the infection 
with P. terrestris resulted in significant increase of RNA content in the leaves 
of resistant plants, 100 days after planting, as compared to the healthy ones. 
The leaves of susceptible cultivar (Seds-40) were characterized by their low 
content of RNA whether the plants were healthy or infected, as compared to 
the resistant cultivar (Balady). 

Such finding may indicate that RNA plays a role in resistance of 
garlic plants to P. terrestris via their physiological role in different metabolic 
pathways. 

Shalaby and Saeed (2000) indicated that the increase in RNA 
content of sesame plants may be a biochemical mechanism for induced 
systemic resistance in sesame plant against disease. Rasheed (2006) 
indicated that the infection by P. terrestris significantly increased DNA and 
RNA contents of leaves of both Seds-40 and Balady garlic cultivars, as 
compared with the healthy ones. 
Free phenols content:   

As shown in (Table 4), there were no insignificant differences 
between free phenols content of healthy and infected plants whether in 
resistance or susceptible cultivar. This mean that, free phenols of garlic 
plants did not constitute any significant importance in the physiology of 
resistance and susceptibility to Pyrenochaeta pink root disease. Although 
phenols play direct role in plant defence hence, Agrios (1988) indicated that 
several phenolic compounds or their oxidation products seem to induce 
resistance to disease through their inhibitory action on the pectolytic and 
other enzymes of the pathogen rather than on the pathogen itself and 
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apparently contribute to the resistance of the plant. However, Shalaby and 
Saeed (2000) indicated that free phenols of sesame plants dose not seem to 
be involved in induced resistance mechanisms by Bacillus subtilis, extract of 
Helichrysum flower, amino butyric acid, and potassium chloride against wilt 
disease. 
 
Table (4): Effect of Pyrenochaeta pink root on histone, RNA, and free 

phenol contents* of resistant and susceptible garlic leaves 
(ug/gm fresh weight). 

Garlic cultivar 
 

Histones 
RNA

(*)
 

Free 
phenols Poly lysine Poly arginine Total 

Resistant  
(Balady) 

Healthy 11.13 10.97 22 52.11 83 

Infected 13.12 18.88 32 63.22 83 

Susceptible  
(Seds-40) 

Healthy 10.10 9.90 20 17.07 81 

Infected 11.00 10.00 31 19.01 81 

L.S.D. (5%) 1.39 1.68 3.15 8.01 N.s. 

*These components were determined 100 days after planting. 

 
It is clear that physiological assay showed that histones and RNA 

contents in garlic plants play a role in resistance to the pink root disease. 
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رقع  تحليليييلع تقييميرعمق أمييلعالييم لع  بييأبع  ليي ضلعضميير ع   يي رعطييتقييييبعض يي ع  
ع  قرمفلي

عأعل ضرعمحممععلىعمرسىعأعاحممععلىععضمع  ض قى.ععشلضيعإضر هيبعمحممعشلضي
    يزةع–مركزع  ضحأثع  زر عيلعع-م همعضحأثعامر  ع  مض ت ت

 

فسيولوجية في  قديرير رق البيولوجية والرى هذا البحث بغرض معرفة أفضل الطأج
 ييابة بمييرض الجييذر الدرثفتيي  المقسييب   يي  الفطيير لإلالمداوميية فيي  أ ييثام ال ييو  ررجيية 

بيريثوكيقيا قرسييقوأ وأوضييحت الثقيياف  اطييقام الطيرق البيولوجييية والفسيييولوجية فيي  قدييرير 
لمرض الجذر الدرثفت أ وقر كاثت أك ر الطيرق البيولوجيية فعاليية  أ ثام ال و  مداومةمرى 

وكسييثات الفطير بيريثوكيقيا قرسيقو في  قديرير حساسيية أ يثام ال يو  قه  طريدية اسيقطرا  
 وثات والحمييض الثييوو ميي  الطييرق الفسيييولوجية فعالييية ال سييثلإل ييابة بييالمرض وقيير قبييي  

 بمرض الجذر الدرثفت أابة لإل ف  مداومة ثباقات ال و  RNA ريبوثيوكتيك 
ع

عق بعضتحكيبع  ضحث

 

ع  م لع  مملأرةع–كليلع  زر علععي سرعمحممعمأرع  مينعشض مها.مع/ع
ع  ضحيرهع  م لع–عضمممهأرعكليلع  زر علع حممع  سيمع  كأر مىا.مع/ع


