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ABSTRACT: Three grades of walnut kernels viz., in-shell kernels, shelled half kernels and shelled broken 

kernels, were collected from various wholesale and retail shops of Jammu and Kashmir. Mycodiversity 

associated with these different grades were investigated from 90 market samples. A total of 95 fungal species 

representing 21 genera were recovered using surface washing technique. Of these, Zygomycota were 

represented by 5 genera (9 species), Ascomycota by 2 genera (2 species) and mitosporic fungi by 14 genera (84 

species). Maximum number of fungal species (58) were recovered from the in-shell kernels, followed in 

decreasing order from shelled broken kernels (55 species) and shelled half kernels (49 species). Five measures 

of diversity are considered viz., species richness (S), Shannon-Wiener’s diversity index (H'), Simpson dominance 

index (Cd), Pielou’s evenness index (J') and Berger Parker’s dominance index (d'). High values of these 

diversity indices for fungal species was obtained which might be due to the surplus substrate, ambient 

temperature and humidity, which favour growth and multiplication of fungal species. Presence of ample 

nutrients and similar kind of substrate, that is, walnut kernel produced nearly similar kind of fungal diversity in 

all the three grades  that were investigated. 
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I. INTRODUCTION 
Walnut (Juglans regia L.) is an important tree nut, which belongs to the angiospermic family 

Juglandaceae. Every part of the plant has some utility and as such it has carved a special place in socio-religious 

and economic well being of the people. India is the 8th largest producer of walnut in the world and J&K stands 

first in the country, accounting for 92% of the production. The major walnut growing states of India are Jammu 

and Kashmir, Uttarakhand, Himachal Pradesh and Arunachal Pradesh. Among these, Jammu and Kashmir 

occupies the largest share in total area and production. In J&K, cultivation of walnut is common in Bhaderwah, 

Poonch, Rajouri, Kupwara, Baramulla, Bandipora, Ganderbal, Budgam, Srinagar, Anantnag and other temperate 

areas.The kernel is the edible part of the walnut, which is enclosed in a brown seed coat that contains 

antioxidants to protect the oil rich seed from atmospheric oxygen to prevent rancidity. It is rich in fats, proteins, 

minerals, vitamins and a substantial quantity of dietary fibres and is therefore, a concentrated source of energy. 

It contains about 60% oil, which may vary depending upon the location and cultivar [1]. The oil of walnut 

kernel contains major fatty acids, such as oleic acid, linoleic acid and linolenic acids, which are widely used in 

cosmetic industry as it contains moisturizing and antioxidants properties [2]. Considerable interest has been 

generated in walnut kernel as it is believed to possess plasma cholesterol-lowering properties [3]. Traditionally, 

walnut is used to treat cough, stomach ailments and cancer in Asia and European countries [4]. In addition, 

walnut is a popular ingredient of the baked foods and are frequently served in-shell during fall and winter 

seasons. 

 

 Walnuts are available in Indian markets in two forms. These are in-shell walnuts (kernel inside the 

shell) and shelled walnuts (kernels obtained by shelling whole walnuts). Being a dry fruit, walnut has an 

inherent potential for prolonged storage. However, its shelf- life is governed by the physical characteristics of 

in-shell nuts, moisture content of the kernels and microbial status of the kernels after shelling. Porous shell 

morphology, corky suture and loose seal provide an easy entry for microorganisms and acts as foci of infection 

in storage and thus reduces its shelf life potential. Among the various microbes, fungi are known to play a 

significant role in the spoilage and loss of stored plant products [5]. During the storage period, the fungal 

organisms thrive well on dehydrated commodities by utilizing some active ingredients like phenols, alkaloids 

and proteins [6]. Among the various fungi associated with dried commodities, xerophilic fungi are capable of 

growing at a water activity below 0.85 and are, therefore most important spoilage causing organisms [7]. 

Generally, species of Aspergillus and Penicillium exist in maximum number in low water activity habitats 

[8].Contamination of walnuts by fungi may occur at three different stages. In the first instance, it may occur 

prior to harvesting.  
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 At this stage, particularly when the nuts have ripened and the hulls have opened, they are often attacked 

by air-borne and insect-borne spores of fungal species. The second stage of contamination may occur after 

harvesting, when the nuts are de-hulled, washed, dried and graded. The washing water can be a source of 

contamination, and if the nuts are allowed to remain wet for a long period, they may become highly susceptible 

to mould growth and their toxic contaminants. The third stage of contamination can be in storage, especially 

when nuts are packed and stored under adverse conditions of temperature and relative humidity. Infact, post-

harvest operations are expected to have major influence on the microbial contamination of nuts [9]. Realizing 

the fact that post-harvest fungal contamination of dried walnut kernels has not received the attention that the 

magnitude of the problem warrants and since no such work has been attempted from Jammu and Kashmir State, 

which is a large reservoir of medicinal plants, an investigation was undertaken to report the occurrence and 

diversity indices assessment of fungal species associated with different grades of walnuts marketed in Jammu 

and Kashmir State. 
 

II. MATERIALS AND METHODS 

 Samples of different walnut grades were collected in pre-sterilized polythene bags from various 

wholesale and retail shops of Jammu and Kashmir. The sample bags were brought to the laboratory, sealed and 

kept in the refrigerator at 5-7°C to prevent undesirable changes till further studies were conducted. Fungal 

spores associated with the market samples  were recovered by following the method of [10]. In this method, 5g 

sample was taken in an Erlenmeyer flask (250 ml capacity), containing 45ml sterilized distilled water and 

shaken vigorously on a rotary shaker for 30 minutes to obtain a homogenous suspension. Ten fold serial 

dilutions were prepared and 1ml portion of suitable dilution was poured in petriplates by using a sterilized 

pipette. For recovery of maximum number of fungal propagules from each sample, three different media- 

modified Czapek Dox agar (CDA), dichloran 18% glycerol agar (DG-18) and malt salt agar (MSA) were used. 

For each of these three media, 5 replicates were maintained. The medium was poured by making a gentle 

rotational movement of the petriplates to ensure uniform spreading of the sample. These petriplates were 

incubated for 7 days at 28±2
o
C. After incubation, the colonies were counted and the results were expressed as 

average colony forming units in thousands per gram of  the sample (10
4 
cfu/g) using the following formula [11]:  

 cfu/g = a × d  

                 s  

                where, a = average number of colonies on the petriplates, d = dilution factor   

                (10,000) and s = dry weight of the sample.  

 

Percentage frequency of occurrence (%) was calculated by using the formula:  

Frequency (%) = Number of samples from which an organism was isolated               X 100  

                                         Total number of samples tested 

The data was used in making comparison of different diversity indices as shown below. Shannon-Wiener’s 

index (H′) [12] and Simpson’s Dominance index (Cd) [13] were calculated to determine the heterogeneity of 

fungal diversity. Pielou’s evenness index (J') [14] and Berger- Parker Dominance index [15] were also 

calculated to augment the interpretation of Shannon values. 
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Where, pi is the relative importance value of species i; H´max is the maximum value of H´; n = number of 

individuals in a species and N = total number of individuals of all species. 
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III. RESULTS 
  During the period of investigation, a total of 90 market samples of walnut kernels were procured from 

different markets of Jammu and Kashmir State. These samples were screened for the mycobial load by using 

surface washing technique and three media (Czapek Dox agar, dichloran 18% glycerol agar and malt salt agar) 

of different chemical composition. While recovering surface mycoflora, Czapek Dox agar medium trapped 

maximum number of fungal species, dichloran 18% glycerol agar medium helped to recover a wide range of 

non-fastidious xerophilic fungi including most of the Penicillium and Aspergillus species, whereas, malt salt 

agar was more useful in recovering the members of Aspergillus glaucus group. This indicates that nutritional 

requirements of various fungi differ and there is no single medium, which can help in the recovery of all the 

fungi. During the present investigation, a total of 95 fungal species belonging to 21 genera were recovered. Of 

these, Zygomycota was represented by 5 genera (9 species), Ascomycota by 2 genera (2 species) and mitosporic 

fungi by 14 genera (84 species) (Fig. 1). Mycological survey of the in-shell kernels from J&K state showed an 

association of 58 fungal species belonging to 16 genera. Out of these, Zygomycota was represented by 5 genera 

(7 species), Ascomycota by 2 genera (2 species) and mitosporic fungi by 9 genera (49 species). Shelled half 

kernels of walnuts collected from the markets revealed an association of 19 fungal genera (49 species), of 

which, Ascomycota was represented by 2 genera (2 species), Zygomycota by 4 genera (6 species), whereas 

mitosporic fungi was represented by 13 genera (41 species). Shelled broken kernels showed contamination by 

15 fungal genera (55 species). Zygomycota were represented by 2 genera (5 species), Ascomycota by 1 genus (1 

species) and mitosporic fungi by 11 genera (49 species). The percent colonisation frequency of all the grades is 

shown in table 1. Recovery of a large number of fungal species indicates that dried walnuts provide ample 

nutrients to the surface invading fungi. Earlier, few other mycologists have also detected a variety of mycoflora 

from walnuts and other tree nuts of India [16] [17] [18]. Similarly, from other countries also some researchers 

have reported various fungal species  from the kernels of walnuts and other nuts  [19] [20] [21]. However, there 

is no previous work on the mycobial load of  walnut kernels from Jammu and Kashmir State. 

 

 During the present study, most of the fungal species recovered from dried walnut kernels were 

mesophilic, that is, capable of growing between the temperature range of 10-40
o
C, showing optimum growth at 

15-30
o
C.  However, some of the recovered fungal species were thermo-tolerant, that is, capable of growth 

within the mesophilic range. These fungi included Aspergillus terreus, A. fumigatus, A. flavus, A.ochraceus, 

Paecilomyces variotii and Scopulariopsis brevicaulis. Many of the fungal species recovered during the present 

investigation were moderately xerophilic. Among these, Aspergillus and Penicillium species were the most 

dominant represented by 25 and 34 species respectively. Some of the common xerophilic aspergilli and penicilli 

recovered from the walnut samples included Aspergillus flavus, A. niger, A. japonicus, A. fumigatus, A. 

ochraceus, A. versicolor, A. tamarii, A. sydowii, Penicillium brevicompactum, P. chrysogenum, P. citrinum, P. 

fellutanum, P.griseofulvum and P.waksmanii. Dominance of Aspergillus and Penicillium species from dried 

fruits and nuts has also been reported earlier also [16] [22] . Species of Aspergillus and Penicillium are 

considered versatile in their  water activity (aw) requirements and these are most numerous in low aw habitats 

[23]. Aspergilli and penicilli grow on a large number of substrates and their ability to thrive at high temperatures 

(30-40
o
C) and relatively low available water (xerophilic nature) makes them well suited to colonize a number of 

nut crops. Previous study conducted by Nawar [24] has shown that relative humidity plays a vital role in the 

development and spread of fungal contamination. Infact, fungal contamination rate may also vary as a result of 

adverse pre-harvest conditions of temperature and humidity in the field and improper post-harvest handling and 

storage conditions [25]. The increase in the frequency of Aspergillus can also be explained by the fact that this 

genus is a storage fungus that can  grow well at low moisture content [26].  

From the present investigation, it was found that colonization frequency (CF%) was maximum for 

Aspergillus in all the grades. Earlier, few other researchers have also reported black aspergilli as one of the most 

important food contaminant especially involved in the post-harvest decay of nuts and dried fruits [27] [28]. This 

is probably due to their pH tolerance, fast growth and abundance in many environments. The presence of 

Aspergillus in walnuts is considered serious since this fungus initially colonizes the substrate and then results in 

aflatoxin B1 and B2 production [29]. Aspergillus was followed in decreasing order by Penicillium species. 

Among the three grades, highest colonization frequency was found in case of in-shell kernels followed in 

decreasing order by shelled broken kernels and shelled half kernels of walnuts. The reason for highest fungal 

contamination level in the in-shell kernels may be due to wash water, which acts as a source of A.flavus 

contamination and it appeared in some nuts that the infection took place even prior to harvesting and was deep 

seated [30]. Mean number of colony forming units (cfu/g) of fungal species for all the grades was also 

calculated (Table 1).  
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During the present investigation, mycological analysis revealed that the most frequently recovered 

fungal genus from all the grades of walnut kernels was Aspergillus with spore count ranging from 0.3x10
2
-

50.8x10
2
cfu/g. Earlier,  Sejiny et al [31] also reported Aspergillus as the predominant fungus in 41-50% of the 

unshelled nuts with a total count of 3x10
3
cfu/g. Later, Adebajo and Diyaolu [32] found A. niger, A. flavus, and 

A. fumigatus as the predominant aspergilli with a total spore count of 80-16,300 cfu/g in cashew nuts from 

Nigeria. Similarly, Lubna [33] found A. niger and A. flavus associated with pistachio nuts with spore count of 

2.5x10
2 

and 1.25 x10
2
 cfu/g respectively. Recently, Nadjet et al [34] found incidence of Aspergillus flavus from 

peanuts with mean value count ranging from 1.5 x10
2
 to 5.7x10

2
 cfu/g. Colony forming units of Penicillium 

species were comparatively lesser than that of Aspergillus species and were in spore count range of 0.3x10
2
-

39.4x10
2
cfu/g. Nadjet et al [34] also revealed a high contamination level of Penicillium species from peanuts, 

with total number of viable propagules varying between 4.74x10
2
-5.77x10

2
 cfu/g.Besides aspergilli and 

penicilli, some other xerophiles recovered from dried walnut kernels included Emericella nidulans, E. nidulans 

var. echinulatus and Paecilomyces variotii. These species are usually the first colonizers of dried commodities 

and are considered to be the most destructive as they increase the aw of the substrate and allow other fungal 

species to grow [24]. Dried fruits and tree nuts typically have one or more pre-harvest insect pests that feed 

directly on the product and are capable of causing considerable damage and quality loss. Many of these may be 

present at the time of harvest and are often brought into storage [35]. Feeding damage by these insects also 

provides entry to many moulds, some of which may be toxin producers [36] [37]. 

 

IV. DISCUSSION 
From these results, it was observed that differences in the number and type of fungal species associated 

with the three grades of walnut kernels may be due to the fact that the shelled half kernels and shelled broken 

kernels undergo processes like sun-drying and sorting before marketing, which leaves behind lesser number of 

contaminated kernels. However, differences detected in the mycoflora of shelled half kernels and  shelled 

broken  kernels might be due to the fact that broken grade of walnut  kernels provide larger surface area for the 

colonization of fungal species than that of the  shelled half kernels. Perusal of results  also show that the 

maximum number of fungal species were associated with the in-shell grade of walnuts as it provides natural 

congenial atmosphere for the growth of fungal species on the kernels within the shell. In addition, temperature 

and humidity are also maintained within the shell, which favour the growth and multiplication of a large number 

of fungal species. Freire et al [38] considered that the penetration, spore germination and infection of nuts may 

happen even during inflorescence or during seed formation, suggesting invasion and colonisation of the 

premature tissues. Similarly, Bayman et al [9] also noted internal colonisation of Brazil nuts by fungal species 

like Aspergillus flavus, A.tamarii, A. niger, A. nidulans, A. fumigatus, Penicillium species and Rhizopus species 

and concluded that the internal colonisation rate in Brazil nuts was much higher than in other tree nuts. It is 

possible that a similar situation may occur in walnuts also, which may add to fungal invasion and kernel 

deterioration.Diversity indices computed for the fungal species recovered from the in-shell kernels, shelled half 

kernels and shelled broken kernels are given in table 2. These diversity indices show differences in values of 

species richness (S), Shannon-Weiner’s diversity index (H´), Simpson dominance index (Cd), Pielou’s evenness 

index (J´) and Berger-Parker’s dominance index (D). 

Among all the grades, highest species richness (S) and Shannon-Weiner’s diversity (H´) was recorded 

from in-shell kernels (S=58 species and H´=1.683), closely followed by shelled broken kernels (S=55 species 

and H´=1.670), whereas least values were observed for shelled half kernels (S=49 species and H´=1.617). These 

values clearly indicate high diversity of fungal species in the in-shell walnuts. This may be probably due to the 

ambient temperature and humidity, which favour growth and multiplication of fungal species inside the shell. 

Insect infestation inside some walnut shells may also selectively favour colonisation and metabolism of some 

fungi. In addition, mycobial interaction creates microclimate inside the shell of the walnut, which may favour 

high species richness.Simpson’s dominance values are very low (Cd=0.24 for both in-shell and shelled broken 

kernels and Cd=0.27 for shelled half kernels). These low values of dominance imply that no particular fungal 

species is dominant in the investigated samples and there is more homogeneity of fungal species recovered from 

all the grades of walnuts. This homogeneity in mycoflora is attributed to similar kind of substrate that is 

available to the fungal species for growth as well as similar storage conditions prevailing in the domestic 

market.Maximum evenness value was shown by the shelled broken kernels (J´=0.96), which implies that most 

of the mycoflora recovered from the shelled broken kernels also occurred in the other two grades of walnuts. 

Thus, there is little variation in the fungal species detected from broken kernels.Berger-Parker’s values range 

from 0.059 (shelled broken kernels) to 0.067 (shelled half kernels). These values indicate that the proportionate 

representation of different species of a particular fungal genus is maximum in shelled half kernels, whereas in 

the other samples, there is relatively more representation of Aspergillus and Penicillium species than species of 

other fungal genera, which lead to low Berger-Parker’s values of these samples. 
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V. CONCLUSION 

 In the present investigation, a large number of fungal contaminants harbouring all the three grades of 

kernels, clearly indicates that they are not completely safe for human consumption as these contaminant may 

produce mycotoxins during post-harvest storage. In view of the fungal contaminants detected from the market 

samples, an urgent need for proper storage and packing of these walnut kernels in polythene bags or preferably 

in airtight containers and vacuum packs after microwave treatment is recommended. 
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Table 1: Colonization frequency (CF%) and colony forming units (cfu/g) of the   recovered  fungal species 

 
 

    Fungal genera   

       recovered 

 

In-shell kernels 

 

Shelled half kernels 

 

 Shelled broken kernels 

Frequency 

(%) 

 

cfu/g Frequency 

(%) 

 

cfu/g Frequency 

(%) 

 

cfu/g 

ZYGOMYCOTA       

Absidia corymbifera  10.0  2.0x102 - - - - 

Circinella simplex  17.0  0.8x102 13.0 0.7 x102 - - 

Mucor hiemalis  7.0  1.4x102 23.0 2.6 x102 7.0 1.2 x102 

Mucor microsporus - - 17.0 3.9x102 23.0 3.8 x102 

M. racemosus  20.0  4.3x102 - - - - 

Rhizopus microsporus - - - - 7.0 1.4 x102 

R. oryzae  40.0  9.0x102 17.0 1.8 x102 27.0 1.8 x102 

R. stolonifer  33.0  6.7x102 17.0 11.2x102 20.0 4.9 x102 

Syncephalastrum racemosum  23.0  2.5x102 17.0 23.0 x102 - - 

ASCOMYCOTA       

Chaetomium globosum 37.0 6.3x102 17.0 1.6 x102 - - 

Emericella nidulans var. 

echinulatus 

- - 27.0 4.8 x102 - - 

Emericella nidulans    20.0 3.0x102 - - 13.0 10.3 x102 

MITOSPORIC      FUNGI       

Acremonium implicatum - - 13.0 0.8x102 - - 

Alternaria alternata  37.0  8.2x102 33.0 9.7 x102 27.0 2.5 x102 

Aspergillus candidus  17.0  3.1x102 - - 27.0 1.0 x102 

A. carneus  14.0  0.6x102 3.0 0.3x102 36.3 27.5 x102 

A.chevalieri - - - - 17.0 1.9 x102 

A. clavatus  14.0  0.6x102 10.0 0.7 x102 - - 

A. ficuum - - 13.0 0.7 x102 - - 

A. flavipes - - 7.0 5.6 x102 10.0 1.6 x102 

A. flavus  53.0  37.7x02 40.0 15.5 x102 33.0 5.6 x102 

A. flavus var. columnaris  23.0  11.7x102 - - - - 

A. fumigatus  17.0  1.3x102 17.0 3.7x102 30.0 4.0 x102 

A. glaucus  13.0  15.4x102 - - - - 

A. japonicus  33.0  4.6x102 13.0 1.4 x102 17.0 4.8 x102 

A. niger  63.0  50.8x102 50.0 21.7x102 43.0 23.8 x102 

A. ochraceus  20.0  2.1x102 23.0 7.1 x102 17.0 1.0 x102 

A. parasiticus - - 17.0 5.5 x102 - - 

A. oryzae  17.0  2.5x102 - - - - 

A. penicilloides  7.0  23.0x102 - - - - 

A. subolivaceus - - - - 17.0 4.3 x102 

A. sulphureus  7.0  0.8 x102 - -     -     - 

A. sydowii  17.0  5.6 x102 7.0 5.1 x102 - - 

A. tamari - - 10.0 0.8 x102 17.0 3.3 x102 

A. terreus  17.0  19.0x102 - - - - 

A. terricola var. americana - - 10.0 0.6 x102 - - 

A. terricola var.indicus - - - - 7.0 0.6 x102 

A.tubingensis - - - - 10.0 1.3 x102 

A. ustus  13.0  0.9 x102 0.8 0.8 x102 10.0 3.5 x102 

A. versicolor  17.0  1.6 x102 - - 13.0 8.6 x102 

A. wentii - - 17.0 2.1 x102 - - 

Cladosporium oxysporum  10.0  3.3 x102 - - 7.0 0.4 x102 

C. cladosporioides  10.0  14.0x102 33.0 7.6 x102 10.0 1.8 x102 

C. sphaerospermum  10.0  4.4 x102 - - 7.0 1.6 x102 
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C.lunata - - - - 13.0 2.0 x102 

Curvularia pallescens - - 20.0 4.5 x102 - - 

Drechslera australiensis  13.0  0.5 x102 - - 7.0 0.6 x102 

D.hawaiiensis - - 10.0 1.0 x102 10.0 1.0 x102 

Fusarium pallidoroseum  17.0  0.4 x102 7.0 0.3 x102 7.0 1.3 x102 

F. solani  13.0  3.4 x102 20.0 1.9 x102 10.0 0.9 x102 

F. moniliforme var. 

subglutinans  

10.0  2.6 x102 - - - - 

F.verticilloides - - - - 13.0 1.8 x102 

Nigrospora oryzae - - 7.0 0.2 x102 - - 

P.farinosus 17.0 0.9 x102 - - 10.0 1.0 x102 

Paecilomyces  lilacinus  10.0  1.8 x102 - - - - 

P. variotii - - 10.0 0.8 x102 - - 

P. victoriae  17.0  0.9 x102 7.0 1.0 x102 13.0 0.5 x102 

Penicillium arenicola  10.0  7.2 x102 - - - - 

P. aurantiogriseum  7.0  0.6 x102 - - 7.0 2.2 x102 

P. brevicompactum  37.0  36.3x102 23.0 39.4 x102 27.0 28.4 x102 

P. canescens  3.0  0.7 x102 - - - - 

P. chrysogenum  33.0  14.5x102 23.0 19.5 x102 20.0 17.0 x102 

P. citrinum  27.0  19.9x102 17.0 16.2 x102 20.0 10.9 x102 

P.corylophilum - - 13.0 6.6 x102 - - 

P. expansum  3.0  0.8 x102 - - - - 

P. fellutanum  23.0  5.5 x102 7.0 16.4 x102 10.0 2.2 x102 

P.fennelliae - - - - 7.0 5.8 x102 

P. griseofulvum  20.0  4.2 x102 13.0 3.3 x102 - - 

P.griseoroseum - - - - 7.0 1.5 x102 

P.granulatum  7.0  1.9 x102 - - - - 

P.hirsutum - - - - 7.0 1.1 x102 

P.islandicum - - - - 10.0 3.4 x102 

P. italicum  7.0  7.5 x102 - - - - 

P.janczewskii - - 3.0 1.5 x102 - - 

P. daleae  7.0  0.3 x102 - - - - 

P. melinii  3.0  0.6 x102 - - - - 

P.miczynskii - - 7.0 1.6 x102 7.0 0.9 x102 

P. olivicolor  7.0  9.7 x102 - - - - 

P. olsoni  17.0  1.3 x102 - - 13.0 0.8 x102 

P. oxalicum  10.0  17.3x102 - - 7.0 5.5 x102 

P.paxilli - - - - 7.0 5.6 x102 

P.piceum - - 3.0 0.36 x102 3.0 0.26 x102 

P.pinophilum - - - - 20.0 2.3 x102 

P. puberulum  7.0  1.9 x102 - - 13.0 3.2 x102 

P. purpurogenum  10.0  5.7 x102 - - - - 

P.restrictum - - - - 10.0 1.8 x102 

P. variabile - - 13.0 4.6 x102 - - 

P.velutinum - - 10.0 0.5 x102 3.0 1.9 x102 

P.verrucosum - - 10.0 0.7 x102 7.0 2.9 x102 

P.viridicatum - - - - 7.0 0.8 x102 

P. waksmanii  33.0  4.5 x102 23.0 25.8 x102 - - 

Phoma glomerata  20.0  0.5 x102 - - 13.0 1.1 x102 

Scopulariopsis brevicaulis  13.0  1.9 x102 - - 13.0 2.0 x102 

S.brumptii - - 10.0 0.8 x102 - - 

S. candida  7.0  0.5 x102 - - 7.0 0.3 x102 

Trichoderma harzianum - - - - 7.0 1.3 x102 

T. viride - - 7.0 0.3 x102 - - 

Trichothecium roseum - - 10.0 1.0 x102 - - 
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Figure Legends 

Figure 1: Fungal groups recovered from market samples of dried walnut 

kernels of different grades. 

 

 


