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A B S T R A C T 

Pea (Pisum Sativum L.) is an important winter crop in Pakistan. The quality and production of pea are deteriorated by 
several biotic and abiotic factors. Among the biotic factors, Fusarium solani is one of the major limiting factors in pea 
production. In current studies, a  total of two fields located in Koont Research Farm, PMAS-Arid Agriculture University 
Rawalpindi, and National Agricultural Research Centre Islamabad (NARC) were surveyed for the determination of 
Fusarium wilt disease incidence. Total eighteen isolates were collected during the field survey; a pathogenicity test 
was carried out to confirm the degree of virulence among all pathogens. A total of 03 plant essential oils such as Neem 
(Azadirachta indica), Eucalyptus (Eucalyptus globulus Labill) and Clove (Syzygium aromaticum (L.) at 200, 400 and 
600 ppm were tested against F. solani causing Fusarium wilt of pea. Results revealed that eucalyptus essential oil at all 
applied concentrations showed the maximum effectiveness against mycelial growth of F. solani under vitro condition 
followed by neem and clove essential oil as compared to control. Keeping in view the above mentioned, eucalyptus 
essential oil can be used as bio fungicide against Fusarium solani causing Fusarium wilt of Pea. 

Keywords: Pisum Sativum, Fusarium solani, Pea Wilt, Bio management. 

 

INTRODUCTION 

In Pakistan, Pea (Pisum Sativum L.) is an important 

winter vegetable crop, belongs to the family 

Leguminosae. It is an annual beat crop of moderate 

regions of the world; initially grown in the 

Mediterranean basin (Smartt, 1990; Sardana et al., 2007; 

Timmerman-Vaughan et al., 2005). Peas are full of 

nutrition and its grain is the wealthiest protein source 

i.e. 27.8 percent, vitamins, complex carbohydrates 42.65 

percent, minerals, antioxidant compounds, and dietary 

fibers (Urbano et al., 2003). It is rich with A, B, and C 

vitamins. Peas are cultivated as green composts and 

cover-up crops because peas grow rapidly and add 

nitrogen to the soil (Ingels et al., 1994; Clark et al, 2007; 

Khvostova, 1983). In the world, peas are cultivated on an 

area of 528.71 thousand hectares. (FAO, 2009). In 

Pakistan, pea is growing on a10 thousand hectares areas 

through a total production of 82 thousand metric tons 

(ÚKZÚZ, 2008). Besides its significant importance, the 

susceptibility of diseases is one of the main production 

constraints to the pea crop. The crop is vulnerable to 

several diseases, which adversely affects seed yield and 

its quality. Among them, the most significant and serious 

soil-borne threat is the occurrence of wilt disease incited 

by several species of Fusarium but the most devastating 

fungus is F. solani is the most significant disease of pea 

worldwide and is one of the devastating diseases of pea 

in Asia (Joshi et al., 2013). Wilt symptoms become 

visible in the field in patches at both, the seedling 

(seedling wilt) and the reproductive (adult wilt) stage. 

Seedling wilt can be distinguished by abrupt drooping 

followed by drying of leaves and loss of seedlings. At the 
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adult stage, symptoms appear from flowering to the late 

pod filling stage and are characterized by drooping of 

the top leaflets of the plant. Roots of such plants are 

mostly well developed with a minor reduction of lateral 

roots and generally, no discoloration of vascular 

structures is seen but roots show reduced proliferation 

(Stoilova and Chavdarov, 2006). Fusarium wilt is a 

serious disease of pea crop responsible for huge losses 

each year in Pakistan. A comprehensive study about wilt 

incidence wilt pathogen species, and non-hazardous 

management need to be addressed. Therefore, the study 

was planned keeping in view the national interests to 

avoid the future losses caused by pea wilt. This study 

was focused on the following objectives: (1) To 

investigate the incidence of Fusarium wilt in pea 

producing areas of Punjab (2) Morphological 

characterization of Fusarium isolates recovered from 

wilted pea plants (3) Management of disease through 

Plant essential oils. 

MATERIALS AND METHODS 

Survey of Pea Crop Fields:   

Two fields from each area of Research Koont Farm, 

PMAS- Arid Agriculture University Rawalpindi and 

National Agricultural Research Centre Islamabad 

(NARC) were surveyed for determination of Fusarium 

wilt disease incidence. Pea plants exhibiting the typical 

symptoms of Fusarium wilt were gathered and samples 

were placed in sterile paper bags with labelling (date, 

time and location). These samples were brought to Pir 

Mehr Ali Shah (PMAS) Arid Agriculture University 

Rawalpindi (AAUR), at Department of Plant Pathology 

and were stored at 4°C in fungal plant pathology 

laboratory for further processing. Incidence percentage 

calculated by using the following formula: 

Incidence % =
Number of fungal infected pea plants

Total number of pea plants examined
× 100 

Isolation of Pathogen from Disease Specimen: From 

the 15 plants collected per field, five plants with signs of 

root discoloration were then selected for pathogen 

identification. Segments of diseased roots were cut and 

then surface-sterilized with sodium hypochlorite 

(NaoCl) for 1 mint, dipped thrice on distilled water for 

30 sec and plated onto potato dextrose agar (PDA) 

media. Plates were placed in an incubator at 25oC for 7 

days until mycelial growth appeared. 

Morphological identification: Identification of 

Fusarium solani was carried out on the following 

parameters; Macroscopic Characteristics: Colony color, 

Pigmentation and Growth rate while Microscopic 

Characteristic: Mean length of macroconidia (μm), Mean 

width of macroconidia (μm) and Presence of 

sporodochia Macroconidia septation were examined 

followed by (James and Nathlie 2001; Cheesbrough 

2000). 

Preservation on Silica Gel: The pure cultures were 

preserved on sterilized silica gel for future use following 

Smith (1983). In this method, tubes were used taking 

silica gel in it and were then placed in an ice-bath for at 

least 30 minutes. Pre-cooled 5% skimmed milk was 

added to mature sporulation cultures grown on agar 

plates. The spores were scrapped with the help of a 

sterilized blade. The tubes were removed from the ice-

bath. Three-quarters of the silica gel soaked and mixed 

to make sure the even distribution of spores. The tubes 

were finally incubated at 25oC for 7-14 days. 

Pathogenicity Test: All isolates were subjected to the 

preliminary pathogenicity test on local pea cultivar. 

Earthen pots (15 cm) were filled with sterilized soil at 1 

kg/pot. The inoculum of each isolate of F. solani was 

thoroughly mixed with the soil. Control pots were 

prepared using sterilized soil only. Five (15) seeds of 

local pea cultivar were sown in each pot and grown in 

the net house. The seed emergence was recorded 21 

days after sowing. Observations on the number of plants 

wilted in each pot were recorded at 30, 45 and 60 days 

after sowing. The causal agent of wilt incidence was 

confirmed after re-isolation of the pathogen from the 

infected root and stems of pea plants. The percent wilt 

incidence was calculated based on initial plant count and 

the total number of wilted plants in each pot. 

In-vitro screening of Plant essential oils against F. 

Solani 

A total of 03 plant oils such as Neem, Euclyptus and Clove 

were tested against F. solani to select the most effective 

plant essential oils as bio-fungicides (Table 1). After 

sterilization of PDA media, plant essential oils were added 

at different concentrations 200, 400 and 600 ppm into 

20ml PDA and poured in Petri plates. Mycelial plugs 

(6mm in diameter) from the edges of each culture were 

incubated in the centre of each PDA plate (9 cm diameter). 

Cultures were incubated in the dark at 26°C and 70% RH 

for 7-10 days. Mycelial growth was measured every day 

until control plates were completely colonized with 

mycelium. Replications were considered simultaneously 

for each concentration of samples. Only PDA was used as 

a control. All tests were repeated five times. 
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Table 1. Nomenclature and Sources of Plants Used in 

Biological Control of Fusarium solani. 

Plant Scientific name Source 

Neem Azadirachta indica Leaves 

Eucalyptus Eucalyptus globulus  Leaves 

Clove Syzygium aromaticum (L.) Seeds 

Statistical Analysis 

All statistical analysis were carried out using SPSS 16 

(SPSS Inc., Chicago, IL). Analysis of variance (ANOVA) 

were performed by ANOVA procedures. Significant 

differences between means were determined by 

Duncan’s pairwise comparison test at a level of p<0.05. 

RESULTS AND DISCUSSION 

Disease survey and assessment: A systematic survey of 

pea wilt disease was conducted in lentil growing areas of 

Punjab viz. Research Koont Farm, PMAS- Arid Agriculture 

University Rawalpindi and National Agricultural Research 

Centre Islamabad (NARC) respectively. Disease 

prevalence and incidence were calculated from each 

surveyed area. During the survey, the disease prevalence 

was found 100% in all the visited areas. Pea plants with 

wilt disease symptoms were found in all visited fields but 

the incidence varied over fields during the study year 

(Figure 1). An average wilt incidence of 40%  was noted in 

research Koont Farm, PMAS- Arid Agriculture University 

Rawalpindi while  26% average wilt incidence was 

observed in National Agricultural Research Centre 

Islamabad (NARC) respectively. Considerable variation in 

mean wilt incidence during growth stages of pea may be 

attributed to high temperature (24-27ºC) at the 

reproductive stage during the months February and 

March and disease at seedling stage in November, 

December and January, where the temperature remained 

low i.e., 5-20ºC (Haqqani et al., 2000). 

 

 
Figure 1. Survey for Disease incidence (%) at two 

different locations.  

Morphological Characterization of Fusarium Solani: 

A total of eighteen isolates were obtained from surveyed 

location, seven isolates from NARC Islamabad, and 

eleven were obtained from koont research farm (Table 

2). During morphological observation, colony color of all 

examined isolates varied from pale to brown, White-

creamy to white-greyish color with Pale brown, 

yellowish brown and dark brown pigmentation while 

some isolates did not developed any pigmentations. The 

colony diameter of each isolates varied from 7.1 ± 0.2 to 

7.4± 0.2  cm respectively (Table 3). During the 

microscopic observation, the mean length (L) of 

macroconidias of each isolate was examined from 34.4 

μm and 40.1 μm while and width (W) of macroconidias 

of each isolate were measured from 3.6 to 4.0 μm 

respectively.   During observation of sporodochia varied 

cream, whitish to blue. The minimum and maximum 

septations of macroconidia were examined 3 to 5 

respectively (Table 4). Macro-conidia is the most 

important character for the identification of species of 

Fusarium which are differentiated mainly on the basis of 

the shapes of the macro-conidia they produce (Nelson et 

al., 1983). Moreover, considerable variability shown in 

macro-conidial size in the study has also been observed 

by Mandhare et al. (2011); Hafizi et al. 2013). The size 

(length and width) of microconidia measured showed a 

considerable variation among the isolates. In the same 

way, the studies of Booth (1977) also showed similar 

variations in the conidial size of Fusarium isolates from 

chickpea. 
 

Table 2. List of Isolates Collected From Different Pea Growing Areas of Potohar Regions. 

Sr. No Locations No of Isolates Names of Isolates 

1 Research Koont Farm, 

 

11 FuSoK, FuSoK1, FuSoK2, FuSoK3, FuSoK4, 
FuSoK5, FuSoK6, FuSoK7, FuSoK8, FuSoK9, 

FuSoK10 
2 NARC, Islamabad 7 FuSoNa, FuSoNa1, FuSoNa2, FuSoNa3, 

FuSoNa4, FuSoNa5, FuSoNa6 
Total 2 18  

1
0

0

2
6

1
0

0

4
0

D I S E A S E  
P R E V A L E N C E  ( % )  

D I S E A S E  I N C I D E N C E  
( % )

FUSARIUM WILT
NARC,
Islamabad
Koont Farm
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Table 3. Macroscopic Characteristics of isolated fungi. 

No. Isolate Colony color Pigmentation 
Growth 

rate (cm) 
1 FuSoK Pale to brown Pale brown yellowish brown with dark brown zonation 7.4 ± 0.2 
2 FuSoK1 white-greenish white-creamy with dark brown zonation 7.1 ± 0.2 
3 FuSoK2 Pale to brown Pale brown yellowish brown with dark brown zonation 7.3 ± 0.2 
4 FuSoK3 White-creamy to greyish Colorless 7.2 ± 0.2 
5 FuSoK4 white-greenish white-creamy with dark brown zonation 7.5 ± 0.2 
6 FuSoK5 Pale to brown Pale brown yellowish brown with dark brown zonation 7.4 ± 0.2 
7 FuSoK6 Pale to brown Pale brown yellowish brown with dark brown zonation 7.5 ± 0.2 
8 FuSoK7 Pale to brown white-creamy with dark brown zonation 7.5 ± 0.2 
9 FuSoK8 white-greenish Pale brown yellowish brown with dark brown zonation 7.6 ± 0.2 

10 FuSoK9 White-creamy to greyish Pale brown yellowish brown with dark brown zonation 7.2 ± 0.2 
11 FuSoK10 White-creamy to greyish white-creamy with dark brown zonation 7.2 ± 0.2 
12 FuSoNa white-greenish pale to dark brown 7.5 ± 0.2 
13 FuSoNa1 Pale to brown white-creamy with dark brown zonation 7.2 ± 0.2 
14 FuSoNa2 white-greenish Pale brown yellowish brown with dark brown zonation 7.5 ± 0.2 
15 FuSoNa3 White-creamy to greyish white-creamy with dark brown zonation 7.6 ± 0.2 
16 FuSoNa4 Pale to brown Pale brown yellowish brown with dark brown zonation 7.4 ± 0.2 
17 FuSoNa5 white-greenish Pale brown yellowish brown with dark brown zonation 7.1 ± 0.2 
18 FuSoNa6 Pale to brown Colorless 7.4 ± 0.2 

 

Table 4. Microscopic Characteristics of isolated fungi. 

No. Isolates 
Mean length of 

Macroconidia (μm) 
Mean width of 

Macroconidia (μm) 
Sporodochia 

Macroconidial 
septation 

1 FuSoK 34.4 3.7 Cream and blue 3–5 
2 FuSoK1 35.1 3.9 Creamy 3–5 

3 FuSoK2 36.2 4.0 Bluish 3–7 

4 FuSoK3 37.4 4.1 Cream 3–7 

5 FuSoK4 35.8 3.8 Blue 3–5 

6 FuSoK5 38.6 3.9 Blue 3–7 

7 FuSoK6 39.5 3.9 Creamy 3–7 

8 FuSoK7 34.8 3.6 Whitish 3–5 

9 FuSoK8 39.3 3.9 Blue 3–7 

10 FuSoK9 36.3 3.5 Cream 3–5 

11 FuSoK10 37.6 3.8 Bluish 3–5 

12 FuSoNa 35.8 3.8 Bluish 3–5 

13 FuSoNa1 37.6 3.9 Cream 3–7 

14 FuSoNa2 36.6 3.7 Cream 3–5 

15 FuSoNa3 38.7 3.7 Bluish 3–7 

16 FuSoNa4 35.5 3.6 Creamy 3–5 
17 FuSoNa5 38.1 3.8 Whitish 3–7 
18 FuSoNa6 40.1 4.0 Blue 3–7 

 

Pathogenicity test: The pathogenicity test of Fusarium 

solani against local pea cultivar showed different 

degrees of virulence.  Isolates (FuSoNa3) showed 

maximum morality against pea cultivar (71%) while the 

isolate FuSok showed minimum morality 39% 

respectively. In control sets, where plants inoculated 

with sterile distilled water remained healthy (Table 5). 

The results of the experiment showed a significant 

difference in the response of the isolates tested on 

germplasm. The variation recorded towards the disease 

reaction of the germplasm suggested that in the 

availability of the same environmental conditions and 

amount of pathogen inoculum, the genetic makeup of the 

plants also plays role in resistance reaction of the plants 

towards the inoculated pathogens (Cheri et al., 2011).
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Table 5. Pathogenicity test of Fusarium solani against local cultivar of pea. 

No. Isolate % Wilted plant (mortality) No. Isolate % Wilted plant (mortality) 

1 FuSoNa3 71.000a 10 FuSoNa4 54.667ef 

2 FuSoK5 70.667ab 11 FuSoK1 53.667fg 

3 FuSoNa6 70.000abc 12 FuSoK8 53.667fg 

4 FuSoK9 67.667bc 13 FuSoK10 51.333gh 

5 FuSoNa2 67.333c 14 FuSoK2 48.667hi 

6 FuSoNa1 60.000d 15 FuSoK4 45.667i 

7 FuSoNa5 57.667de 16 FuSoNa 42.000j 

8 FuSoK3 56.000ef 17 FuSoK6 41.000j 

9 FuSoK7 55.333ef 18 FuSoK 39.333j 

19 Control 0.000k 
 

In- vitro evaluation of plant essential oils against F. 

solani after 24 hours: According to the results showed 

that eucalyptus EO was found significantly most effective 

to inhibit the growth of F. solani  (0.5, 0.3 and 0.2 cm) at 

200, 400 and 600 ppm. While Neem was 2nd most 

effective followed by clove EO  at 200, 400 and 600 ppm 

respectively after 24 hours of incubation at 25 C Table 6.

 

Table 6. In-vitro evaluation of different plant essential oil against F. solani after 24 hrs 

Essential oils 

Concentrations (ppm) 
Means 

 

(cm) 

200 

Colony diameter 

(cm) 

400 

Colony diameter 

(cm) 

600 

Colony diameter 

(cm) 

Neem 0.70 h 0.50 i 0.30 k 0.50 c 

Eucalyptus 0.50 e 0.30 f 0.20 j 0.33 d 

Clove 1.10 c 1.00 f 0.80 k 1.2 b 

Control 1.40 a 1.30 b 1.50 a 1.4 a 

Means 0.92 a 0.775 b 0.7 b  

Alpha = 0.05, LSD value (F) = 0.0852, LSD value (C) = 0.0461, LSD value (FxC) = 0.266 
 

In-vitro evaluation of different essential oils against 

F. solani after 48 hours: The results indicated that 

there was a difference among the different essential oils 

in inhibiting the mycelial growth of F. solani. According 

to,  eucalyptus EO was found significantly most effective 

to inhibit the growth of F. solani that showed (1, 0.80 

and 0.60 cm) at 200, 400 and 600 ppm. While neem was 

found 2nd most effective 1.4, 1.2 and 1.1 cm followed by 

clove EO (2.4, 2.1 and 1.6 cm)  at 200,400,600 ppm. 

Whereas in control, results revealed that maximum 

growth of F. solani (5.4 to 5.2 cm) respectievely after 48 

hrs of incubation at 25 oC (Table 7). 
 

Table 7. In-vitro effect of different essential oils against F. solani after 48 hours. 

Fungicides 

Concentrations (ppm) 

Means 

(cm) 

200 

Colony diameter 

(cm) 

400 

Colony diameter 

(cm) 

600 

Colony diameter 

(cm) 

Eucalyptus 1.00 h 0.80 j 0.60 k 0.80 d 

Neem 1.40 f 1.20 g 1.1 i 1.23 c 

Clove 2.40 c 2.10 d 1.60 e 2.03 b 

Control 5.4 a 5.2 b 5.4 a 5.33 a 

Means 2.55a 2.37 b 2.25 c  

Alpha = 0.05, LSD value (F) = 0.0172, LSD value (C) = 0.0133, LSD value (FxC) = 0.0378 
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In-vitro effect of different plant essential oils against 

F. solani after 72 hours: The results revealed in Table 8 

indicated that eucalyptus EO was found significantly 

most effective in inhibiting the growth of F.solani that 

showed 1.4, 1.2 and 1.0 cm at 200, 400 and 600 ppm. 

While Neem was 2nd most effective followed by clove EO 

at 200, 400 and 600 ppm respectively. All the 

concentrations reduced the growth of F. solani but 600 

ppm of eucalyptus EO  gave maximum control over 

mycelial growth of F. solani after 72 hrs of incubation at 

25 C (Table 8). 

 

Table 8. In-vitro effect of different essential oils against F. solani after 72 hrs. 

Oils 

Concentrations (ppm) 

Means (cm) 
200 

Colony diameter 
(cm) 

400 
Colony diameter 

(cm) 

600 
Colony diameter 

(cm) 
Eucalyptus 1.4 fg 1.2 h 1.0 i 1.33 d 

Neem 2.1 e 1.7 f 1.5 g 1.76 c 
Clove 3.7 b 3.3 c 2.8 d 3.26 b 

Control 7.6 a 7.5 a 7.6 a 7.56 a 
Means 3.75 a 3.45 b 3.25 c  

Alpha = 0.05, LSD value (F) = 0.0717, LSD value (C) = 0.0621, LSD value (FxC) = 0.1242 
 

In This study, three plant essential oils viz. Neem, 

Eucalyptus and clove EOs were evaluated at 200, 400 and 

600 ppm concentrations against F. solani and found that 

eucalyptus essential oil has considerable effect to inhibit 

the mycelial growth of F. solani at all applied 

concentrations. Similar results about inhibitory activity of 

eucalyptus EO were also conducted by other scientists, 

(Hatamleh et al., 2014).  According to our result 

eucalyptus essential oil inhibit mycelial growth (1.4, 1.2 

and 1 cm) of Fusarium solani at 200, 400 and 600 ppm 

concentrations which is agreement with the results 

obtained by Hur et al. (2000) and Katooli et al. (2011) 

showed that Eucalyptus EO inhibited the mycelial growth 

of two fungal pathogens such as C. gloeosporioides and R. 

solani.  Similar result is also demonstrated by Hatamleh et 

al. (2014) that eucalyptus EO had significantly inhibited 

the mycelial growth of three Fusarium species 

respectively. The maximum efficacy of this essential oil 

This high antifungal activity of eucalyptus oil is due to 

presence of several antifungal compounds such as 1,8-

cineole, citronellol (Su et al., 2006), citronellal (Batish et 

al., 2006) and ρ-cymene (Su et al., 2006) respectively. 

CONCLUSION 

The use of essential oils as natural fungicides is of 

immense significance because of the environmental and 

toxicological implications of the indiscriminate use of 

synthetic fungicides and reducing the problem of 

increasing fungi resistance. 

REFERENCES 

Batish, D.R., H.P. Singh, N. Setia, S. Kaur and R.K. Kohli, 

2006. Chemical composition and phytotoxicity of 

volatile essential oil from intact and fallen leaves 

of Eucalyptus citriodora. Zeitschrift 

Naturforschung. 61: 465-471. 

Booth, C. 1977. Fusarium: Laboratory guide to the 

identification of the major species. 

Commonwealth Mycological Institute, Kew Surrey, 

England. pp.31. 

Cheesbrough, M. 2000. Microbiological test: District 

Laboratory Practice in Tropical Countries. In: 

Cremer, A. and Evan, G. (eds). Cambridge 

University Press, UK. 1-226 PP. 

Clark, A. (ed.) 2007. Managing cover crops profitably. 3rd 

ed. Sustainable agriculture research and education 

program handbook series, bk 9. Sustainable 

Agriculture Research and Education, College Park, 

MD.] 

FAO. 2009. Food and Agricultural Organization of the 

United Nations, 2009. 

Hafizi, R., B. Salleh and Z. Latiffah. 2013.  School of 

Biological Sciences, Universiti Sains Malaysia, 

Penang, Malaysia. Brazilian Journal of 

Microbiology 44 (3): 959-968. 

Haqqani, A. M., M. A. Zahid and M. R. Malik. 2000. 

Legumes in Pakistan. In: Legumes in rice and 

wheat cropping systems of the Indo-Gangetic 

Plainconstraints and opportunities (eds. 

International Crops Research Institute for the 

Semi-Arid Tropics, Cornell University, Ithaca, New 

York, USA. pp. 98-128. 

Hatamleh, A.A., A.H. Bahkali, M. El-Sheshtawi, M.A. 

Elmetwally and A.M. Elgorban, 2014. Inhibitory 

http://dx.doi.org/10.33866/phytopathol.030.02.0534


Pak. J. Phytopathol., Vol. 32 (02) 2020. 265-271   DOI: 10.33866/phytopathol.030.02.0534 

271 

influence of plant extracts on soil borne fungi 

infecting Muskmelon (Cucumis melo L.). 

International Journal of Pharmacology. 10: 322-

327. 

Hatamleh, A.A., A.H. Bahkali, M. El-Sheshtawi, M.A. 

Elmetwally and A.M. Elgorban, 2014. Inhibitory 

influence of plant extracts on soil borne fungi 

infecting Muskmelon (Cucumis melo L.). 

International Journal of Pharmacology. 10: 322-

327. 

Hur, J.S., S.Y. Ahn, Y.J. Koh and C.I. Lee, 

2000. Antimicrobial properties of cold-tolerant 

eucalyptus species against phytopathogenic fungi 

and food-borne bacterial pathogens. The Plant 

Pathology Journal. 16: 286-289. 

Ingels, C., M. VanHorn, R.L. Bugg, and P.R. Miller. 1994. 

Selecting the right cover crop gives multiple 

benefits. California Agriculture 48(5):43-48. 

Joshi, M., R. Srivastava, A. K. Sharma and A. Prakash. 

2013. Isolation and characterization of Fusarium 

oxysporum, a wilt causing fungus, for its 

pathogenic and non-pathogenic nature in tomato 

(Solanum lycopersicum). Journal of Applied and 

Natural Science, 5(1), pp.108-117. 

Katooli, N., R. Maghsodlo and S.E. Razavi, 

2011. Evaluation of eucalyptus essential oil 

against some plant pathogenic fungi. Journal of 

plant Breeding and Crop Sciences. 3: 41-43. 

Khvostova, V.V. 1983. Breeding and Genetics of Peas. 

Oxonian Press Pvt. Ltd., New Delhi, India. 

Mandhare, V. K., G. P. Deshmukh, J. V. Patil, A. A. Kale and 

U. D. Chavan. 2011. Mophological, pathogenic and 

molecular characterization of Fusarium oxysporum 

f. sp. cicero isolates from Maharashtra, India. 

Indonesian Journal of Agricultural Science. 12(2): 

47-56. 

Salleh, T. Yli-Mattila, K.R.N. Reddy and S. Abbasi. 2011. 

Molecular characterization of pathogenic 

Fusarium species in cucurbit plants from 

Kermanshah province, Iran. Saudi Jpurnal of 

Biological Sciences 8(4): 341–351 

Sardana S., R. K. Mahajan, N. K. Gautam and B. Ram. 

2007. Genetic variability in pea (Pisum sativum L.) 

germplasm for utilization. SABRAO Journal of 

Animal Breeding and Genetics 39(1): 31-42 

Smartt, J. 1990. Evolution of genetic resources. In: Grain 

Legumes. (Ed.): J. Smartt. Cambridge University 

Press, Cambridge, 140-145 pp 

Stoilova, T. and P. Chavdarov. 2006. Evaluation of lentil 

germplasm for disease resistance to Fusarium wilt 

(Fusarium oxysporum f. sp. lentis). Journal of 

Centrel Eurpeon Agriculture. 7(1): 121-126. 

Su, Y.C., C.L. Ho, E.I.C. Wang and S.T. Chang, 

2006. Antifungal activities and chemical 

compositions of essential oils from leaves of four 

eucalypts. Taiwan Journal of Forest Science. 21: 

49-61. 

Timmerman-Vaughan G. M., A. Mills, C. Whitfield, T. 

Frew, R. Butler and S. Murray. 2005. Linkage 

mapping of QTL for seed yield, yield components, 

and developmental traits in pea. Crop Sciences 45: 

1336–1344.  

ÚKZÚZ, 2008. Field pea. In: Central Institute for 

Supervising and Testing in Agriculture, National 

plant variety office (ed.). Varieties. 145-160 PP. 

Urbano G, P Aranda and E Gomez-Villalva, 2003. 

Nutritional evaluation of pea (Pisum sativum L.) 

protein diets after mild hydrothermal treatment 

and with and without added phytase. Journal of 

Agricultural and Food Chemistry. 51: 2415–2420. 

 
Contribution of Authors: 

Asfand Iqbal 

Gulshan Irshad 

Farah Naz 

Salman Ghuffar 

Rabia Khursheed 

Aamir Bashir 

Muhammad Zeeshan 

Najam ul Hassan 

: 

: 

: 

: 

: 

: 

: 

: 

Designed experiment, conducted research and wrote the manuscript 

Major supervisor 

Co-supervisor 

Helped manuscript writeup 

Helped in interpretation of result 

Helped in interpretation of result 

Helped in statistical analysis 

Helped in identification of disease 

 

http://dx.doi.org/10.33866/phytopathol.030.02.0534
http://www.sciencedirect.com/science/article/pii/S1319562X11000088
http://www.sciencedirect.com/science/article/pii/S1319562X11000088
http://www.sciencedirect.com/science/article/pii/S1319562X11000088
http://www.sciencedirect.com/science/article/pii/S1319562X11000088

