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ABSTRACT

The study aimed to identify sunflower seed- borne fungi associated with sunflower
(Helianthus annuus L.), and also to explain the effect of environmental factors on
increasing or decreasing the levels of aflatoxins in sunflower seeds. Seeds were collected
from two governorates from season 2009. The sunflower seed- borne fungi was screened
by using blotter and agar plate methods in two cultivars seeds. Fungi associated with
sunflower seeds under different storage temperature degrees for different periods were
determined using blotter and agar methods. It was found that sunflower seeds contained
different fungal genera in both Sakha. 53 and Giza. 102 sunflower cultivars studied. The
main species (spp.) found were Aspergillus flavus at the highest frequency, followed by
Alternaria alternata and then Penicillium spp, Drechlera spp were found at the lowest
frequency. A positive correlation between frequency of fungal infection, storage period
and temperature was found. The presence of aflatoxin was determined in contaminated
sunflower seeds using flow through strips and Vicam immunoaffinity column methods.
The effect of environmental factors plays an important role on increasing or decreasing
the levels of aflatoxins in sunflower seeds.
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1. INTRODUCTION

Sunflower (Helianthus annuus L.) is an important member of the family Asteraceae and is one of
the major oil seed crops. The area cultivated with sunflower in Egypt, reached about 9346 acres
in season 2011 producing around 19 tons which is assuming increasing importance because the
seed contains 25-32% edible oil, a rich source of polyunsaturated fatty acids used for human
consumption [1]. Sunflower seeds are highly contaminated with fungi, which attack the plants at
different stages of development and subsequently during harvesting and storage [2,3]. The
deleterious effects of seed-borne fungi include: Biodeterioration of sunflower seeds when used
as feed, reduce seed viability, germination and seedling vigor of the crop in the field and causing
low yields. Infection of seeds with Alternaria alternata and Aspergillus flavus decreased the
iodine number of the sunflower oil [4]. Many fungal pathogens, some of which are seed
transmitted, often reduce the germination ability or kill the infected plants or substantially
reduce the productive capacity [5].

Mycotoxins can be produced in the growing crop and during storage depending on the specie of
mycotoxigenic fungus present and the prevailing condition of the substrate. More than 300 fungal
species are known to produce mycotoxin with variable toxic effects [6]. The toxin can be
produced in the growing crop and during storage. It has been established that strains of several
fungal spp., i.e., Alternaria alternata, Aspergillus flavus, A. niger, A. parasiticus, Fusarium
oxysporum, Fusarium moniliforme, and F. equiseti, are able to produce mycotoxins in various
commodities including sunflower seeds [7]. These include: alternariol, aflatoxins B1 B2, G1 and
G2, beauvericin, bikaverin, fusaric acid, fusarin C, moniliformin, sambutoxin and zearalenone,
which affected crops such as maize, cereals, peanuts and beans [8,9]. Several phytopathogenic
and saprotrophic fungal species have been reported on sunflower seeds. The most important
seed-borne pathogens represented the genera Aspergillus flavus, Alternaria alternata, Fusarium
moniliforme and Macrophomina phaseolina [10,11,12,13,14].

As aflatoxins are mutagenic, carcinogenic and teratogenic and toxic to most experimental
and domesticated animals and humans [15] this study is aimed to: (a) isolate, classify and
identify fungi associated with sunflower seeds using two methods. b) determine the effect of
storage periods at different temperature degrees. c) determine aflatoxin in contaminated
sunflower seeds using a flow through strip method (Aflacheck, Vicam) and immunoaffinity
column system (Vicam apparatus).

The present investigation was undertaken to find out the relation between seed borne fungi
associated with the seeds and the effect of contamination on production of aflatoxin.

2. MATERIALS AND METHODS

2.1 Collection of Seed Samples

Seed samples of Sakha 53 and Giza. 102 sunflower cultivars were obtained from Oil Crops
Department, Field Crops Research Institute, Agriculture Research Center, Giza, Egypt.
Samples of sunflower seeds collected from khalyobia as a north governorate (Sakha 53) and
El-Minia as a south governorate (Giza 102) during season 2009, were used to detect the
seed-borne mycoflora. Sample of two kilograms of each cultivar was examined.
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2.1.1 Isolation and Identification of fungi

The standard Blotter and Agar plate methods [16] were employed. The selected seeds were
thoroughly washed with running tap water and surface sterilized by immersing in 3% sodium
hypochlorite for 2 minutes, then rinsed in sterilized water and dried between two sterilized
filter papers.

2.1.1.1 Blotter method

For the standard blotter method, untreated seeds and seeds were placed on three layers of
moistened blotter [17]. To determine the seed-borne mycoflora of sunflower, 25 seed were
plated on sterile Petri dishs (9 cm diameter). 400 seeds with total of eight replicates were
examined.

2.1.1.2 Agar plate method

The treated seeds were plated on define medium to detect the seed-borne mycoflora. 400
seeds from each sample were plated on the surface of PDA in sterile Petri dishes [16]. The
plates with a total of four replicates of each treatment were incubated at 25°C for 7 days.
The fungi growing on seeds were identified depending on their morphological features
according to various taxonomic keys [18,19,20,21]. Identification was carried out at the
laboratory of Seed Pathology Research Department, Plant Pathology Research Institute,
Agriculture Research Center., Giza, Egypt. The percentages of incidence and frequency of
seed mycoflora were calculated.

2.1.2 Storage conditions and fungal Identification

The seeds were placed in sterilized paper bags and stored in different temperatures at 0°C,
10°C, 20°C and 30°C and different periods (4,8 and 12 months). Samples after these
treatments were examined for fungi by plating on blotter and agar plate methods, 25 seed
per Petri dish and the dishes were incubated at 25°C for 7 days.

2.2 Detection of Aflatoxins

Aflatoxins were detected by using two new methods, Vicam strips and Vicam immunoaffinity
column.

2.2.1 Flow through strip method

The method used was the Vicam Aflacheck system, which is a qualitative one step test kit
for detection of aflatoxin. Alfacheck uses highly specific reactions between antibodies and
aflatoxin to detect total aflatoxin in variety of samples. The test strips was used to detect the
presence of aflatoxin at two different levels: 10 ppb or 20 ppb, depending on the protocol of
Aflatest Manual [22].

2.2.1.1 Sample extraction

Sample (5g) was placed in a 40ml extraction tube to which was added 20 ml of extraction
solvent (methanol 70%). The tube was stoppered and manually shaken for three minutes
and then rested for 3 minutes to allow the solid to settle.
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2.2.2 Alfacheck procedure

A strip test dilution tube was placed in a provided cardboard rack and 250μl of sample
extract was pipetted into it. To this 250μl of distilled water was added and the solution was
manually mixed after capping the tube. The Aflacheck test strip was then inserted in to the
solution as directed and the strip was allowed to develop until a negative results was
recorded (<20ppb) after 3 minutes or a positive one after 5 minutes (=/>20ppb) total
aflatoxins. The test strip was read on a digital fluorometer, which gave a total aflatoxin
concentration in ppb derived from the positive coloured band on the strip.

2.2.3 VICAM apparatus

Vicam apparatus, is an immunoaffinity column method. Total aflatoxin (B1,B2 G1 and G2)
were detected in the two cultivars (Sakha 53 and Giza 102) in Central Lab of Biotechnology,
Plant Pathology Research Institute, Agriculture Research Center, following the  Vicam
Aflatest method as per the Vicam manual (Vicam, Waterton USA) .

2.2.4 Statisistical Analysis

Data analysis was statistically performed using Spss [23] and [24] software. Analysis of
variance was used to test the difference between the groups. Least Significant Difference
(LSD) test was used to determine the significant differences ranking among the mean values
at P= .05.

3. RESULTS AND DISCUSSION

3.1 Occurrence and Detection of Seed-Borne Mycoflora of Sunflower

Data in Table 1 shows the fungi associated with sunflower seeds. It was found that 14 genera
and 12 species of fungi were isolated and identified from sunflower seed samples. In general,
Sakha 53 cv. recorded a higher frequency of fungi than Giza 102 cv. in both blotter and agar
plate methods. Moreover, detection of fungi was more frequent in the blotter method than the
agar plate method, as was found for the Sahka 53 cv. colony count and not that in the case of
the Giza 102 cv. The fungi found to have the highest incidence was Aspergillus flavus followed
by Alternaria alternata and Penicillium spp. Nevertheless, variations between the two tested
cultivars and the two methods of detection were observed. For example, Stemphylium spp.,
Cladosporium spp. and Nigrospora spp were not detected in Sakha 53 cv. either in the blotter or
agar plate methods. While, Tricotheium roseum, Macrophominia phaseolina and Rhizoctonia
solani was not detected in the blotter method and detected with very low frequency by the agar
plate method. Correlation between storage period and stored temperatures are presented in
Table 2 and Table 3. For Sakha 53 cv. a positive correlation between temperature degrees and
strored period. Fungi were found using the blotter method Table 2, Aspergillus  flavus followed
by Alternaria alternate and Aspergillus  niger were the most frequently occurring fungi when
stored at 30°C for 12 months. The incidence of the fungi was decrease as the temperature and
time of storage was reduced. However, Drechlera spp. was not detected using the blotter
method in any of the treatments, whereas Rhizopus nigricans was only found in the 4 months
storage samples held at 10°C and 20°C (Table 2). In the case of Giza 102 cv., a Similar trend of
the results as Sakha 53 cv. Table 3 although Drechlera spp. and Rhizopus nigricans were found
in most of the treatments of this cultivar. In both cultivars tested, it was noted that increase
temperature and storage periods increased subsequently frequency of the fungi associated with
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sunflower seeds. These results are in general agreement with those reported earlier [25,26]
[27,28,29]. [30] where it was observed that the standard blotter method was better for isolation of
large number of fungal species. The results obtained in close conformity with those of limonard
[31] and Afzal et al. [32] who reported that chloral disinfection effectively reduced the microbial
contamination. Reduction of frequency rate of fungi from sterilized sunflower seeds was also
found by other workers [33,14]. Similar results have also been reported from seeds other than
sunflower eg., groundnut seed [34] and legume seeds [35].

3.2 Detection of Aflatoxin

3.2.1 Flow through strips (Aflacheck)

Detection of aflatoxin in sunflower contaminated seeds using the strip method is presented
in Table 4. Aflatoxins was detected in both sunflower cultivars (Sakha 53) and (Giza 102).
Moreover, the amount of aflatoxin detected was increased by increasing storage period from
8 month up to twelve months. Whereas, aflatoxin was not detected at 4 months storage
periods.

3.2.2 Vicam apparatus

Measurement of total aflatoxin using the Vicam method showed a greater increase in the
Sakha 53 cv. seed than in the Giza 102 cv. with increasing storage period (Fig 1).Such
increases in aflatoxin level was positively correlated with storage period at maximum level
after 12 months. This result was confirmed in both tested cultivars [36].

Fig. 1. Measurement of total aflatoxin in two cultivars (Sakha 53 and Giza 102)
using the Vicam apparatus



Khalil et al.; IJPSS, Article no. IJPSS.2014.6.012

690

Table 1. Percentage of incidence and frequencies of seed–borne mycoflora associated with sunflower seeds collected from two
cultivars (Sakha 53 and Giza 102) in Egypt in season 2009 using two methods

Giza 102
El-Minia.

Sakha 53
Khalyobia.

Sunflower Cultivars

Frequency(%
)

Frequency(%
)

Frequency
(%

)

A
gar plate

Incidence (%
)

Frequency
(%

)

B
lotter

Incidence (%
)

Frequency
(%

)

A
gar plat

Incidence (%
)

Frequency (%
)

B
lotter

Incide)nce (%
)

Treatment

Fungi
19.66.620.98.019.96.510.25.0Alternaria alternate
32.611.015.76.026.79.048.924.0Aspergillus flavus
17.86.010.54.024.68.30.13.0Aspergillus niger
7.72.65.22.03.01.04.52.2Aspergillus ochraceus
0.00.05.22.00.00.00.00.0Stemphylium spp.
5.92.05.22.03.01.00.00.0Trichotheium rosum
1.20.42.61.010.13.40.00.0Fusarium moniliforme
0.00.02.61.00.00.00.00.0Cladosporium spp.
0.60.223.69.00.00.022.411.0Penicillium spp.
0.00.02.61.00.00.00.00.0Nigrospora spp.
2.70.95.22.00.00.06.13.0Rhizopus nigricans
0.60.20.00.04.71.60.00.0Drechlera spp.
7.12.40.00.04.51.50.00.0Macrophomina phaseolina
3.91.30.00.03.80.80.00.0Rhizoctonia solani

1.341.460.821.47LSD .05
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Table 2. Precentage of occurrence of different fungi in sunflower seeds using the blotter method in Sakha 53 cv. stored for 4, 8
and 12 months

Storage periods time 4 months 8 months 12 months
Temperature
Pathogen

0°C 10°C 20°C 30°C 0°C 10°C 20°C 30°C 0°C 10°C 20°C 30°C

Alternaria alternate 0.0 1.8 3.2 5.1 1.0 1.7 3.5 5.8 1.2 5.3 7.8 10.9
Aspergillus flavus 2.0 13.2 18.6 17.0 11.6 8.1 19.0 18.9 16.0 14.1 19.4 20.2
Aspergillus niger 1.2 1.0 3.0 0.0 0.0 4.0 9.0 7.0 0.0 2.8 2.0 7.0
Stemphylium spp. 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 4.0 0.0 0.0
Trichotheium roseum 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 0.0 0.0
Fusarium moniliforme 0.9 0.7 2.5 4.0 0.0 6.0 0.0 0.0 0.0 7.2 1.3 0.0
Cladosporium spp. 0.0 0.0 0.0 6.0 0.1 0.0 0.0 1.0 0.1 0.0 0.0 1.0
Penicillum spp. 0.1 1.4 11.0 5.0 0.0 0.0 7.0 16.0 0.0 0.8 21.3 17.1
Nigrospora spp. 0.0 0.0 0.0 1.0 0.0 0.0 0.5 4.3 0.0 0.0 0.9 5.1
Rhizopus nigricans 0.0 1.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Drechlera spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 4.2 19.1 41.3 38.1 12.7 24.8 39.0 53.0 17.3 35.2 52.7 61.3

Table 3. Percentage of occurrence of different fungi in sunflower seeds using the blotter method in Giza 102 cv. stored after 4, 8 and 12
months

Storage period time 4 months 8 months 12 months
Temperature
Pathogen

0°C 10°C 20°C 30°C 0°C 10°C 20°C 30°C 0°C 10°C 20°C 30°C

Alternaria alternate 0.2 0.0 8.0 19.3 0.5 1.6 10.1 12.7 0.7 11.2 15.1 17.2
Aspergillus flavus 0.3 0.7 6.0 8.2 1.1 0.9 8.2 14.1 1.3 1.6 15.4 18.3
Aspergillus niger 0.1 1.2 5.0 6.1 0.9 6.0 6.3 9.2 0.4 4.3 8.1 10.7
Stemphylium spp. 0.0 0.0 2.0 3.4 0.0 0.9 3.1 4.1 0.5 0.8 3.3 2.0
Trichotheium roseum 0.0 1.2 1.5 1.9 0.5 0.3 0.6 2.1 0.0 0.0 0.8 2.0
Fusarium moniliforme 0.1 2.3 3.1 2.5 0.5 0.3 4.2 3.1 0.3 6.2 7.3 7.7
Cladosporium spp. 0.3 0.6 1.6 1.1 0.3 0.3 2.1 1.0 0.0 1.7 2.1 2.2
Penicillium spp. 0.2 1.9 2.4 2.7 1.1 0.7 3.5 1.4 1.1 3.9 5.5 7.9
Nigrospora spp. 0.0 0.0 0.1 1.4 0.2 0.9 0.0 0.4 0.0 1.2 1.3 1.0
Rhizopus nigricans 0.0 0.0 0.0 0.1 0.1 2.1 0.4 0.6 0.7 5.3 12.9 10.9
Drechlera spp. 0.0 0.0 0.6 0.2 0.0 0.0 0.1 0.3 0.0 0.4 0.2 2.0
Total 1.2 7.9 30.3 46.9 5.2 14.0 38.6 49.0 5.0 36.6 72.0 81.9
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Table 4. Detection of total aflatoxin of two sunflower cultivars (Sakha 53 and Giza 102)
by using strips (Alfachek)

Sunflower Cultivars
Storage time

Sakha 53 Giza 102

4 months - -
8 months + +
12 months ++ +

(+):Moderate (++):Present

Fungal contaminated sunflower seeds can affect seed germination and greatly affected seed
quality by producing toxins [7,36]. The results obtained by using Vicam apparatus [37]
showed that sunflower seed which were stored for 4 months showed no evidence of
contamination by aflatoxin but after 8 months of storage aflatoxin was found at 0.0084 ppm
in Sakha 53 cv. and 0.00052 ppm in Giza 102 cv. After 12 months of storage, total aflatoxin
(B1,B2,G1 and G2) were detected as 2.1 and 1.4 ppm in Sakha 53 and Giza 102 cvs.).
Maximum levels in both cultivars was attained at a maximum storage time of 12 months. The
deleterious biological effect of these toxins contaminated sunflower seed materials on these
results raise concerns with respect to the health of human consumers of sunflower seeds
after prolonged storage. This including immune system disorder, permanent damage of
spleen, liver, kidney and brain functions [38].

4. CONCLUSION

It can be recommended that the soundness of sunflower seeds can be maintained (free of
fungal contamination) by reducing storage periods and/or high temperature of storage.  This
avoids reduction in oil quality and limits the accumulation of aflatoxin in the seeds. Sound
seeds play a vital role in the production of healthy crops and are  the foundation of healthy
plant; a necessary condition for good yields [39].

COMPETING INTERESTS

Authors AAK, DAE and MIG are co-operative in this investigation through their experience
and honoraria. Also authors have wide personal relationships with other insititutes and
orangizations related. Finally, authors have a lot of publications in field.

REFERENCES

1. Neergaard P. Seed Pathology. Volume I. Macmillan Press London. 1977;839.
2. Vaidehi BK. Seed mycoflora of sunflower a perspective. Frontiers in micro Biotech

Plant Pathol. 2002;25-40.
3. Moror MVZ, Dancea C, Bele D. Salegean DA, Beke A, Baonca I. An approach upon

the qualities of the raw material and raw oil from sunflower seeds resulting in process
of low capacity. Buletinul-Universitatii-de-Stiinte-Agricole-si-Medicina-Veterinara-Cluj-
Napoca-Seria-Agriculture. 2004;60:381-384.(CAB Abstract).

4. Prasad T, Singh BK. Effect of relative humidity on oil properties of fungi infested
sunflower seeds. Biological Bullein India. 1983;5:85-88.

5. Ghangaokar NM, Kshirsagar AD. DAMA International. 2013;(2)1:32-35.



Khalil et al.; IJPSS, Article no. IJPSS.2014.6.012

693

6. Anon FAO Document No. MyC. 4C; Joint FAO/WHO/UNEP Confererence on
Mycotoxins; Nairobi and co-operatives. Food and Agriculture Division (Economic
wing), Islamabad. 1991;316:12.

7. Dalccro A, shulze S, Etchevery M, Farnochi C, Varrsavsky E. Aflatoxins in sunflower
seeds: Influence of Alternaria alternata on aflatoxin production by Aspergillus
parasiticus. Mycopathol. 1989;108:31-35.

8. Robin YY, Wen YY, Forng S, Learn S. Mould infection and aflatoxin contamination of
the peanut kernels harvested from spring and fall crops as affected by artificial
inoculation of seed kernel with Aspergillus flavus and Aspergillus niger. J. Sci. Food
Agric. 1999;79:1417-1422.

9. Mahmoud NM. Biological evaluation for specific fungal aflatoxin contamination in some
bean of rat,s diet. Bulletin of High Institute of public Health. 2006;36(3):691-700.

10. Bhutta AR, Bhatti MHR, Ahmed I. Effect of seed-borne fungi on oil content and fatty
acid profile in sunflower. Helia. 1997;20:67–72.

11. Bhutta AR, Bhatti MHR, Ahmed I. Study on pathogenicity of seed-borne fungi on
sunflower in Pakistan. Helia.1997;20:57–66.

12. Bhutta AR, Bhatti MHR, Ahmed I. Relationship of seed-borne fungi to field diseases of
sunflower. Pak. J. Sci. Ind. Res. 1999;42: 93–97.

13. Khan SN. Macrophomina phaseolina as causal agent for charcoal rot of sunflower.
Mycopathologia. 2007;5:111–118.

14. Sharfun-Nahar M, Mushtaq, Hashmi MH. Seed-borne mycoflora of   sunflower
(Helianthus annuus L). Pak .J. Bot., 2005;37(2):451-458.

15. El-Zawahari M, Moubasher AH, Morad M, El-kady IA. Mutagenic effects of aflatoxin
B1. Ann. Nutr. Aliment. 1977;13:856-859.

16. International Seed Testing Association.  International rules for seed testing. Proc. Int.
Seed Asso. 32:565-589.

17. Neergaard P. Seed Pathology. The Macmillan Press. London and Basigstoke.
1979;1:111191.

18. Booth C. Fusarium laboratory guide to the identification of the major species.
Commonwealth Mycol. Inst., Kew Surrey, England.1977;1-58.

19. Dhingra OD, Sinclair JB. Basic Plant Pathology Methods. C.R.C. Press, Inc., Florida,
USA.1985;355.

20. Ellis MB. Diatomaceous Hyphomycetes. Commonwealth Mycol. Inst., Kew, England,
1971;608.

21. Barnett H, Hunter BB. IIIustrated Genera of Imperfect Fungi. Minnesota: Burgess Publ.
Co., USA. 1974;1-225.

22. Vicam@vicamwaters; 2010.
23. Gomez KA, Gomez AA. Statistical procedures for agriculture research .2nd Ed.John

Wiley and Sons Ltd., New York. 1984;680.
24. SAS. Statistical Analysis System Proprietary software. Release 8.3.SAS Institute Inc.,

Carry, NC; 2002.
25. Trap G, Lange L, Kongsdal O. Seed-borne pathogen of major food crops in

Mozambique. Seed Sci.& Technol. 1987;15:793-810.
26. Dawar S, Ghaffer A. Detection of the seed- borne mycoflora of sunflower. Pak. J. Bot.,

1991;23(2):173-178.
27. Khalil A, Amal. Environmental factors affecting mycotoxins in yellow corn and sorghum

seeds and methods of detoxification. Msc. Thesis, Dept. Agric. Sci., Institute of
Environmental Studies and Reseach, Ain-Shams University; 1997.

28. El-Abbassi IHE. Ecological factors affecting sunflower seed-borne mycoflora and their
effects on yield and oil quality. Ph. D. Thesis, Dept. Agric. Sci., Institute of
Environmental Studies and Reseach, Ain-Shams University; 1998.



Khalil et al.; IJPSS, Article no. IJPSS.2014.6.012

694

29. Ghonim MI. Biological control of some sunflower (Helianthus annus L.) seed-borne
mycoflora. Egypt. J. of Appl. Sci. 2007;22(2B):556-567.

30. Gowdar H, Rameshbabu NA, Reddy N, Rajeshwari, krishnappa M. Seed-borne
mycoflora associated N. With sunflower seeds. Res. on Crops. 2007;8(2):466-469.

31. Limonard T. Biological aspects of seed health testing. Proc. Inst. Seed test Assoc.
1968;23:343-513.

32. Afzal R, Mughal SM, Munir M, Sultana K; Qureshad R; Laghari MK. Mycoflora
associated with seeds of different sunflower cultivars and its anagement. Pak. J. Bot.
2010;42(1):435-445.

33. Bhutta AR, Rahber-Bhatti MH, Solangi GR, Ahmed I, Rehman MH. Sunflower
production and pathological problems. Sci, Technol and Dev. 1998;2(2):51-55.

34. Rasheed S, Dawar S, Ghaffar A, Shaukat SS. Seed borne mycoflora of groundnut.
Pak. J. Bot. 2004;36(1):199-202.

35. Embaby EM, Abdel Galil MM. Seed borne fungi and mycotoxins associated with some
legume seeds in Egypt. J.of Appl. Sci .Res. 2006;2(11):1064-1071.

36. Joshua H. Determination of aflatoxin by reserved-phase. High-performance liquid
chromatography with post-column in line photochemical derivitization and
fluorescence detection. J. of chromatography, 954. 1993;247-257.

37. Mahmoud NM. Influence of garlic extracts against some fungi causing immune system
disorder. J. Biol. Chem. Environ. Sci. 2013; 8(1):351-367.

38. Truckess Mw, Stack ME, Nesheim S, page SW, Albert RH, Hansen TJ, Donahue KF.
Immunoaffinity column coupled with solution fluorometery or liquid chromatography
postcolumn derivatization for determination of aflatoxins in corn, peanuts,
peanut.butter. collaborative study. 1991;74(1)81-88.

39. Diaz C, Hossain M, Bose ML, Mercea S, Mew TW. Seed quality and   effect    on rice
yield: findings from farmers participatory experiment in Central Luzon, Philippines. J.
Crop. Sci. 1998;23(2):111-119.

_________________________________________________________________________
© 2014 Khalil et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=472&id=24&aid=4051


