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ABSTRACT : 

 Two landraces of the ‘Balady’ cumin (Qina and Assiut) and seven seed treatments were tested 
in this field study. The treatments included two fungal antagonists (Trichoderma harzianum, and 
T. humatum), one bacterial antagonist (Bacillus subtilis), 2-days water priming, combined water 
priming with T. harzianum, biocide ‘PlantGuard’ and control seed treatment. The fungi and the 
bacteria were isolated from infected cumin plants collected from Assiut. A significantly reduced 
percentage of infection and increased seed yield/plant than the control occurred in both years as a 
result of pre-sowing seed treatments. The lowest percentage of infection was exhibited by the 
plants raised from seeds that received combined treatment of two-day water-priming and T. 
harzianum. Use of T. harzianum alone or in combination with water priming tended to produce a 
high seed yield/plant in both years. The increased seed yield was significantly associated with 
decreased percentage of infection in the two landraces and in both years. Significant positive 
correlation coefficients were found between the seed yield and each of the number of the main and 
secondary branches, the number of umbels and the weight of the mature dry plants. The cumin 
landrace from Qina showed an overall lower percentage of infection and higher seed yield/plant 
than Assiut landrace in both years. We recommend utilizing combined 2-days water priming with 
T. harzianum antagonist for pre-sowing seed treatment. This treatment seemed to combine 
complementary mechanisms of action against the pathogen enabling a consistent control of the 
disease. It would establish a better plant stand in the field and, consequently, increased seed yield 
per production area unit.  

 

INTRODUCTION: 

Cumin (Cuminum cyminum L.) is an annual 

plant belongs to Family Apiaceae and it is 

grown for production of the dry ripe fruits. It 

was known to the ancient Egyptian as a spice 

and medicinal plant. In addition to its common 

use as spice in our daily life, recent studies have 

indicated its pharmaceutical and medicinal 

importance (Aruna and Sivaramakrishnan, 

1996). Cumin is produced in the warm regions 

of the world, mainly in India, China and 

southern Egypt. There has been a recent 

increased demand on cumin while its 

production is limited and decreased (Abu-

Nahoul and Ismail, 1995). Significant lose in 

cumin yield can be attributed to the adverse 

effects caused by biotic stresses of which the 
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Fusarium wilt disease is the most serious one 

(Omar et al., 1997). The chlamidiospores of 

Fusarium may persist in soil for many years in 

the absence of a susceptible host (Agrios, 1991). 

Traditional control measures of the Fusarium 

wilt disease include crop rotation, pre-sowing 

treatments for the seeds with certain chemical 

fungicides and management of cultural 

practices (Agrios, 1991) or soil fumigation 

(Larkin and Fravel, 1998). Due to the limited 

effectiveness or applicability and/or enviro-

nmental concerns using these methods in 

controlling the disease, there is an interest to 

search for other approaches of methods 

(Alabouvette et al., 1998; Weller, 1988). 

Breeding of resistant cultivars is desirable 

approach for sustainable agriculture but studies 

in this direction (Champawat and Pathak, 1990; 

Gour and Agrawal, 1988) showed a limited 

genetic variation among different accessions. 

Therefore, in vitro methods as a prerequisite for 

creating new genetic variability or developing 

genetically modified resistant cultivars with 

gene introgression from other species have been 

manipulated (Tawfik and Noga, 2001a and 

2002). A recent study by Mandavia et al., (2000), 

however, have indicated an existence of 

differential susceptibility within a number of 

cumin varieties in India. Some lines have been 

described as being tolerant to the infection with 

the Fusarium wilt of cumin. The growers with 

no practicing of plant rouging produce seeds of 

the local cultivar ‘Baladi’ cumin in southern 

regions of Egypt. Therefore, this cultivar can be 

considered a variety of different landraces 

developed mainly by natural selection against 

biotic and abiotic stresses under the different 

conditions of various regions and fields of 

production (Chang, 1985). The different 

landraces of the Egyptian cumin may be useful 

in improving the production of this cultivar 

(Ehdaie and Waines, 1989). Information is 

needed on the potential of this approach in 

cumin.  

Analysis of root, stem and leaf tissues of 

tolerant cumin varieties (Mandavia et al., 2000) 

suggested that tolerance can be attributed to 

higher level of phenolic compounds such as 

hydroquinone and umbelliferone. Of a special 

interest is the increase found for salicylic acid in 

the tolerant cumin varieties. It is widely 

documented in higher plants that different 

phenolic compounds (Hassan, 1994), salicylic 

acid (Raskin, 1992) and several antioxidant 

compounds and/or enzymes (Noga and Schmitz, 

1998) induces a level tolerance to biotic and 

abiotic stresses. Noticeable is that seed 

osmopriming has been suggested to enhance the 

production of antioxidant compounds and/or 

enzymes such superoxide dismutase (SOD) 

(Baily et al., 2000). Tawfik and Noga (2001) 

developed a simple water priming method for 

cumin seeds and have found a dramatic 

improvement in acceleration of cumin 

germination and plant vigor using water-

primed seeds. Pre-sowing water priming for 

cumin seeds can be hypothesized to improve 

tolerance to certain pathogens. This may be 

useful to be tested for controlling Fusarium wilt 

disease incidence in cumin.  

In addition, one of the other approaches 

that are progressively developed in complying 

with sustainable environment issues during 

recent years is the biological control method 

(Hassan, 1992; Hassan and Tawfik, 1996; 

Larkin et al., 1996; Weller, 1998; Whipps, 

1997). Indeed, biocides patents has been 

deposited (Kurze et al., 2001) and commercially 

delivered. Primary data obtained from potting 

bioassay of pre-sowing treatments of cumin 

seeds with suspension of antagonistic fungal 

(Trichoderma harzianum, T. humatum, and T. 

viride) and bacterial (Bacillus subtilis) isolates 

showed up to 47% reduction in the wilt disease 
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incidence (Tawfik and Allam 2004). A local 

isolate of T. harzianum from cumin grown in 

southern Egypt was shown to be superior over 

other isolates and commercial formulation. This 

needs to be tested under the complex of the 

natural conditions in the infested production 

field (De Boer et al., 1999). The objective of our 

present field study was to assess the incidence of 

the Fusarium wilt disease and the seed yield of 

two cumin landraces from southern Egypt 

(Assiut and Qina) combined with pre-sowing 

seed treatments including water priming and 

biological antagonists.  

 

MATERIALS AND METHODS: 

Plant materials and seed treatments: 

The present study was conducted at the 

Agricultural Research Station of Assiut 

University during 2002/2003 and 2003/2004. 

Two landraces of the ‘Balady’ cumin were used 

in this study. These two landraces were obtained 

from growers of two Governorates (Qina and 

Assiut) in southern Egypt. Seven seed 

treatments were tested in this study for their 

effectiveness on reducing the incidence of 

Fusarium wilt disease. The treatments included 

two fungal antagonists, one bacterial antagonist, 

2-days water priming, combined water priming 

with an antagonist, biocide ‘Plant Guard’ 

(commercial formulation, check treatment) and 

control seed treatment.  

The seed treatments with fungal and 

bacterial antagonists were assigned based on a 

previous screening conducted both in vitro and 

in potting soil bioassay (Tawfik and Allam, 

2004). The utilized fungal antagonists were 

Trichoderma harzianum, and T. humatum. The 

bacterial antagonist was Bacillus subtilis. The 

inoculum of the pathogen was prepared as 

described by Tawfik and Allam (2004). In brief, 

inocula of fungal antagonists were grown in 

liquid Gliotoxin Fermentation medium while 

the bacterium was grown on liquid Richard 

medium and incubated at 25°C for 10 days. 

Cultures were centrifuged for 5 minutes at 3000 

rpm and propagules of fungi and the bacterial 

cells were resuspended in sterile distilled water 

to get concentration (CFU/ml) equal to those of 

the recommended doses of the used biocide (1.5 

X10
5
). Cumin seeds were soaked in the 

suspension of the antagonists or the biocide for 

15 minutes while the control seeds were soaked 

in distilled water for 15 min.  

The procedure of the two-days water 

priming for cumin seeds was carried out as 

described by Tawfik and Noga (2001) with 

minor modifications. Briefly, the seeds were 

soaked for 1 hour in distilled water. Then these 

seeds were maintained within paper towels 

saturated with distilled water and kept for 2 

days at room temperature (on average, 26 °C) 

inside punched plastic pages. Combined water 

priming with antagonist was achieved by 

soaking the seeds at the end of the second day of 

water priming in the suspension of T. harzianum 

antagonist for 15 min. All treated seeds with 

each antagonist and priming or combined 

priming/antagonist were then placed to air dry 

that is to enable conventional handling for 

sowing.  

Experiment layout and the measured 

parameters: 

The experiment was conducted in naturally 

infested production field. The treatments in the 

field were arranged as a split-plot in 

randomized complete-blocks (RCB) with four 

replicates. The main plots were assigned for the 

seven pre-sowing seed treatments. Each main 

plot (seed treatment) contained the two 

landraces (Qina and Assiut, subplots). The 

choice of seed treatments in the main plots was 

to avoid possible contamination among different 
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seed treatments with different fungal or 

bacterial antagonists. Also, no information was 

available on the reaction of the two landraces 

while we had preliminary knowledge about the 

differential efficiency of antagonists (Tawfik 

and Allam, 2004) as shown by the in vitro and 

the potting soil bioassays.  

Each main plot consisted of four rows 3 m 

long and 50 cm wide. Seeds were sown on the 

northern side of the row and each landrace 

(sub-plot) had two rows. The experiment was 

conducted twice (2002/2003 and 2003/2004). The 

sowing dates were on November 3 during 2002 

and on November 8 during 2003. Standard 

cultural practices for cumin production were 

followed during the course of this study (Abu-

Zaid, 1992). Data were recorded for the 

percentage of infected plants. The harvested 

plants were used to determine the plant height 

(cm), the number of main and secondary 

branches per plant, average herbal weight (g) of 

mature dry plant, the number of umbels per 

plant, the average 1000-seed weight (g) and seed 

yield (g) per plant. 

Statistical analysis and data 

presentation: 

Separate analysis of variance (ANOVA) 

relevant to split-plot in RCB design for the 

obtained data in each year (2002/2003 or 

2003/2004) was conducted as described by 

Gomez and Gomez (1984). Based on the values 

of the coefficients of variation (C.V.), the 

original data were used for the ANOVA of all 

measured plant parameters. Homogeneity of 

error variances was then tested. Subsequently, 

combined ANOVA for the data of both years 

was processed to get the effect of years and the 

year interaction with the tested treatments. In 

the present study, means for each year was 

separately presented. Based on the results of 

significance for the interaction between 

landraces and the seed treatments (Gomez and 

Gomez, 1984), two values for the ‘Least 

Significant Difference’ (LSD) were calculated. 

These LSD values were to compare 1) means of 

the main effect of seed treatments (i.e., averaged 

overall landraces) and 2) means of the main 

effect due to the landrace (averaged overall seed 

treatments). Total correlation coefficients (r) 

were also calculated between the total seed yield 

and each of the other measured parameters.  

RESULTS:  

Disease incidence: 

A significant reduction in the percentage of 

infection with the Fusarium wilt occurred in 

both years as a result of pre-sowing treatment of 

the cumin seeds (Table 1). Both landraces 

exhibited a similar response for the reduction in 

the percentage of infection as affected by the 

pre-sowing seed-treatments. Therefore, the 

variance due to landrace and seed treatment 

interaction was not significant. However, cumin 

landrace from Qina showed an overall lower 

percentage of infection than the landrace from 

Assiut.  

There were no differences among T. 

harzianum, Bacillus subtilis and the tested 

biocide concerning the percentage of the 

infection with the wilt disease. Lower 

percentage of the disease infection was 

produced by seed treatment with the T. 

harzianum, Bacillus subtilis and the biocide than 

T. humatum and the two days water-priming. 

The percentage of infection with the fusarium 

wilt was similar in the cumin plants produced 

from seeds treated with T. humatum and the two 

days water-priming. However, the lowest 

percentage of infection with the disease was 

exhibited by the cumin plants raised from seeds 

that received combined treatment with two-day 

water-priming and T. harzianum.  
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Table (1): Percentage of infected cumin plants for two landraces grown in Fusarium wilt infested soil when 

received different pre-sowing seed treatments.1 

Factors 

Infection (%) 

Landrace 
Mean 

Qina Assiut 

Seed treatments 2002/2003 

A- Reference treatments    

Control 72.5 80.0 76.3 

Biocide (‘Plant Guard’)  47.5 50.0 48.8 

B- Two days water priming 60.0 67.5 63.8 

C- Tested antagonists    

Trichoderma harzianum  47.5 50.0 48.8 

T. humatum  55.0 60.0 57.5 

Bacillus subtilis  47.5 50.0 48.8 

D- Combined water-priming/T. harzianum 25.0 32.5 28.8 

Mean 50.7 55.7  

LSD0.05  

Seed treatments2 7.0 

Landraces3 3.8 

Interaction ns4 

 2003/2004 

A- Reference treatments    

Control 75.0 85.0 80.0 

Biocide (‘Plant Guard’)  50.0 50.0 50.0 

B- Two days water priming 57.5 67.5 62.5 

C- Tested antagonists    

Trichoderma harzianum  47.5 52.5 50.0 

T. humatum  57.5 60.0 58.5 

Bacillus subtilis  50 55.0 52.5 

D- Combined water-priming/T. harzianum 27.5 37.5 32.5 

Mean 52.1 58.2  

LSD0.05  

Seed treatments2 7.5 

Landraces3 3.5 

Interaction ns4 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2,3 To compare means of seed treatments averaged over landraces and means of landraces averaged over seed treatments, 

respectively. 

4 Nonsignificance. 

 

 

Plant growth and development: 

An increased plant height over the control 

was found during the first year in cumin plants 

that received a pre-sowing using T. harzianum 

alone or when preceded by a 2-days water 

priming (Table 2). These two seed treatments 

were not significantly different. None of the 

other seed treatments significantly affected the 

plant height when comparing to the control 

treatment. In the second year, seeds treated with 

the T. harzianum, the biocide, primed for 2 days 

with water or received combined priming and T. 

harzianum treatment produced plants showing 

significant increased plant height over the 

control. No differences were found among all 

these treatments. Difference due to the landrace 

and the variance for the interaction between 
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landrace and the seed treatments were not significant for plant height in both years. 

Table (2):  Plant height of two cumin landraces grown in Fusarium wilt infested soil  

when received different pre-sowing seed treatments.1 

 Factors 

Plant height (cm) 

Landrace 
Mean 

Qina Assiut 

Seed treatments 2002/2003 

A- Reference treatments    

Control 16.2 16.7 16.5 

Biocide (‘Plant Guard’)  17.8 17.8 17.8 

B- Two days water priming 17.4 17.1 17.2 

C- Tested antagonists    

Trichoderma harzianum  17.8 19.8 18.8 

T. humatum  15.9 16.3 16.1 

Bacillus subtilis  16.7 17.3 16.9 

D- Combined water-priming/T. harzianum 18.9 20.6 19.7 

Mean 17.2 16.9  

LSD0.05  

Seed treatments2 1.5 

Landraces Ns3 

Interaction Ns 

 2003/2004 

A- Reference treatments    

Control 15.7 15.9 15.8 

Biocide (‘Plant Guard’)  17.5 17.6 17.5 

B- Two days water priming 18.2 17.1 17.6 

C- Tested antagonists    

Trichoderma harzianum  17.0 19.0 18.0 

T. humatum  16.2 15.8 15.9 

Bacillus subtilis  16.1 16.6 16.3 

D- Combined water-priming/T. harzianum 18.4 19.8 19.1 

Mean 17.0 17.4  

LSD0.05  

Seed treatments2 1.6 

Landraces Ns3 

Interaction Ns 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2 To compare means of seed treatments averaged over landraces. 

3 Nonsignificance. 

 

Significantly greater number of main 

branches was developed on cumin plants raised 

from seeds treated with the biocide, T. 

harzianum, water priming or combined priming 

and T. harzianum in both years than the control 

treatment (Table 3). Seed treatment with T. 

humatum did not affect the number of main 

branches in both years while the treatment 

using B. subtilis showed an increased number of 

main branches only in the second year. 

Obviously, the greatest number of main 

branches was produced by treatments of T. 

harzianum or combined priming and T. 

harzianum in both years. These two treatments 

along with the water priming alone had the 

greatest number of main branches in the second 

year. The number of secondary branches 

increased in cumin plants grown during both 
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years by seeds that received treatments with the 

biocide, T. harzianum or the combined priming 

and T. harzianum (Table 4). Consistently, T. 

harzianum and the combined water priming 

with T. harzianum treatment had the greatest 

number of secondary branches in both year. 

The two landraces were similar with regard to 

the number of the main and the secondary 

branches. Variance component of the 

interaction between the seed treatments and the 

landraces was not significant for these traits in 

both years.  
 

 

 

Table (3) : The number of main branches per cumin plant in two landraces grown in Fusarium wilt infested soil 

when received different pre-sowing seed treatments.1 

Factors 

Number of main branches/plant 

Landrace  

Qina Assiut Mean 

Seed treatments 2002/2003 

A- Reference treatments    

Control 4.4 3.6 4.0 

Biocide (‘Plant Guard’)  5.0 4.9 4.9 

B- Two days water priming 5.0 4.8 4.9 

C- Tested antagonists    

Trichoderma harzianum  4.7 5.6 5.2 

T. humatum  4.2 4.3 4.2 

Bacillus subtilis  4.5 4.5 4.5 

D- Combined water-priming/T. harzianum 5.7 5.9 5.8 

Mean 4.8 4.8  

LSD0.05  

Seed treatments2 0.7 

Landraces ns3 

Interaction Ns 

 2003/2004 

A- Reference treatments    

Control 4.1 3.3 3.7 

Biocide (‘Plant Guard’)  4.7 4.7 4.7 

B- Two days water priming 5.2 4.7 5.0 

C- Tested antagonists    

Trichoderma harzianum  4.7 5.1 4.9 

T. humatum  3.9 4.1 4.0 

Bacillus subtilis  4.3 4.4 4.3 

D- Combined water-priming/T. harzianum 5.4 5.4 5.4 

Mean 4.6 4.5  

LSD0.05  

Seed treatments2 0.6 

Landraces ns3 

Interaction Ns 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2 To compare means of seed treatments averaged over landraces. 
3 Nonsignificance. 
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Table (4): The number of secondary branches per cumin plant in two landraces grown in Fusarium wilt infested 

soil when received different pre-sowing seed treatments.1 

Factors 

Number of secondary branches/plant 

Landrace 
Mean 

Qina Assiut 

Seed treatments 2002/2003 

A- Reference treatments    

Control 8.5 7.7 8.1 

Biocide (‘Plant Guard’)  10.0 9.6 9.8 

B- Two days water priming 9.2 9.1 9.1 

C- Tested antagonists    

Trichoderma harzianum  9.8 11.6 10.7 

T. humatum  8.5 8.8 8.6 

Bacillus subtilis  9.0 9.3 9.1 

D- Combined water-priming/T. harzianum 11.0 11.3 11.2 

Mean 9.4 9.6  

LSD0.05  

Seed treatments
2 

1.1 

Landraces ns
3 

Interaction Ns 

 2003/2004 

A- Reference treatments    

Control 7.9 7.0 7.5 

Biocide (‘Plant Guard’)  9.6 9.3 9.4 

B- Two days water priming 9.4 8.7 9.1 

C- Tested antagonists    

Trichoderma harzianum  9.7 10.9 10.3 

T. humatum  8.1 8.5 8.3 

Bacillus subtilis  8.7 8.9 8.8 

D- Combined water-priming/T. harzianum 10.5 10.9 10.8 

Mean 9.1 9.2  

LSD0.05  

Seed treatments
2 

1.2 

Landraces ns
3 

Interaction Ns 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2 To compare means of seed treatments averaged over landraces. 

3 Nonsignificance. 
 

 

The weight of mature dry plants after 

harvesting their dry mature seeds (fruits) was 

affected by both the landrace and the pre-

sowing seed treatment (Table 5). The interaction 

between these two factors was not significant. 

Cumin landrace form Qina seemed to have 

plants with a significantly increased weight 

comparing with that landrace of Assiut. Plants 

from seeds treated with the biocide, T. 

harzianum, water for priming, or combination 

of water priming and T. harzianum had greater 

weight than the control treatment in both years. 

There were no differences among these 

treatments in the second year. The number of 

umbels counted on the mature plants was 

affected only by the seed treatments (Table 6). 

All seed treatments resulted in a significantly 

increased number of umbels over the control in 

both years. Among the different seed 

treatments, T. harzianum and water priming 

with subsequent T. harzianum treatment tended 

to produce large number of umbels in both 

years.  
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Table (5): The weight of mature dry cumin plants for two landraces grown in Fusarium wilt infested soil when 

received different pre-sowing seed treatments.1 

Factors 

Weight of mature dry plant (g/plant) 

Landrace 
Mean 

Qina Assiut 

Seed treatments 2002/2003 

A- Reference treatments    

Control 1.65 0.865 1.257 

Biocide (‘Plant Guard’)  2.185 1.710 1.948 

B- Two days water priming 2.135 1.850 1.993 

C- Tested antagonists    

Trichoderma harzianum  1.978 2.415 2.196 

T. humatum  1.793 1.580 1.686 

Bacillus subtilis  1.875 1.500 1.687 

D- Combined water-priming/T. harzianum 2.352 2.553 2.452 

Mean 1.995 1.782  

LSD0.05  

Seed treatments2 0.448 

Landraces3 0.203 

Interaction Ns4 

 2003/2004 

A- Reference treatments    

Control 1.525 0.765 1.145 

Biocide (‘Plant Guard’)  2.135 1.585 1.860 

B- Two days water priming 2.085 1.775 1.930 

C- Tested antagonists    

Trichoderma harzianum  1.852 2.165 2.009 

T. humatum  1.568 1.430 1.499 

Bacillus subtilis  1.750 1.475 1.612 

D- Combined water-priming/T. harzianum 2.127 2.303 2.215 

Mean 1.863 1.642  

LSD0.05  

Seed treatments2 0.523 

Landraces3 0.220 

Interaction ns4 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2,3 To compare means of seed treatments averaged over landraces and means of landraces averaged over seed treatments, 

respectively. 
4 Nonsignificance. 
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Table (6): The number of umbels per plant for two cumin landraces grown in Fusarium wilt infested soil when 

received different pre-sowing seed treatments.1 

Factors 

Number of umbels/plant 

Landrace 
Mean 

Qina Assiut 

Seed treatments 2002/2003 

A- Reference treatments    

Control 17.4 12.1 14.8 

Biocide (‘Plant Guard’)  19.6 19.1 19.3 

B- Two days water priming 19.8 17.9 18.6 

C- Tested antagonists    

Trichoderma harzianum  19.1 23.6 21.4 

T. humatum  17.7 18.3 18.0 

Bacillus subtilis  19.7 18.2 19.0 

D- Combined water-priming/T. harzianum 20.8 22.0 21.4 

Mean 19.2 18.7  

LSD0.05  

Seed treatments2 2.6 

Landraces Ns3 

Interaction Ns 

 2003/2004 

A- Reference treatments    

Control 16.1 10.9 13.5 

Biocide (‘Plant Guard’)  18.9 18.8 18.8 

B- Two days water priming 20.1 17.4 18.7 

C- Tested antagonists    

Trichoderma harzianum  18.8 21.9 20.4 

T. humatum  17.1 17.6 17.3 

Bacillus subtilis  18.9 17.8 18.4 

D- Combined water-priming/T. harzianum 20.3 20.5 20.4 

Mean 18.6 17.8  

LSD0.05  

Seed treatments2 2.2 

Landraces Ns3 

Interaction Ns 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2 To compare means of seed treatments averaged over landraces. 

3 Nonsignificance. 

 

 

 

Average weight of 1000-seeds and 

the seed yield: 

Greater average 1000-seed weight was 

affected with the landrace and the pre-sowing 

seed treatment (Table 7). The Qina landrace 

exhibited greater weight than Assiut landrace in 

both years. All seed bio- and priming treatments 

in the first year while all except the biocide and 

B. subtilis in the second year produced greater 
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1000-seed weight than the control one. There 

were no differences among the various 

biocontrol and priming treatments of the seeds. 

As shown in Table (8), variation in cumin seed 

yield per plant was affected by both the 

landrace and the pre-sowing seed treatments. 

The Qina landrace produced higher seed yield 

than Assiut landrace in both years. Also, all seed 

treatments increased the seed yield. The greatest 

seed yield in the first year was produced by T. 

harzianum and water primed seeds when 

treated with T. harzianum. In the second year, 

there was no significant difference among the 

different biocontrol or priming treatments for 

the seeds before sowing. 

 

 

Table (7): Average weight of 1000-seed for two cumin landraces grown in Fusarium wilt infested soil when 

received different pre-sowing seed treatments.1 

Factors 

1000-seed weight (g) 

Landrace 
Mean 

Qina Assiut 

Seed treatments 2002/2003 

A- Reference treatments    

Control 2.670 2.238 2.454 

Biocide (‘Plant Guard’)  2.777 2.530 2.654 

B- Two days water priming 2.845 2.650 2.747 

C- Tested antagonists    

Trichoderma harzianum  2.825 2.787 2.806 

T. humatum  2.873 2.745 2.809 

Bacillus subtilis  2.740 2.665 2.703 

D- Combined water-priming/T. harzianum 2.868 2.738 2.803 

Mean 2.800 2.622  

LSD0.05  

Seed treatments2 0.191 

Landraces3 0.100 

Interaction Ns4 

 2003/2004 

A- Reference treatments    

Control 2.545 2.167 2.356 

Biocide (‘Plant Guard’)  2.627 2.555 2.591 

B- Two days water priming 2.945 2.625 2.785 

C- Tested antagonists    

Trichoderma harzianum  2.900 2.742 2.821 

T. humatum  2.773 2.645 2.709 

Bacillus subtilis  2.640 2.515 2.577 

D- Combined water-priming/T. harzianum 2.743 2.663 2.703 

Mean 2.739 2.559  

LSD0.05  

Seed treatments2 0.271 

Landraces3 0.122  

Interaction Ns4 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2,3 To compare means of seed treatments averaged over landraces and means of landraces averaged over seed treatments, 

respectively. 

4 Nonsignificance. 
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Table (8): Total seed yield per plant for two cumin landraces grown in Fusarium wilt infested soil when received 

different pre-sowing seed treatments.1 

Factors 

Total seed yield (g/plant) 

Landrace  

Qina Assiut Mean 

Seed treatments 2002/2003 

A- Reference treatments    

Control 1.85 1.1 1.48 

Biocide (‘Plant Guard’)  2.43 2.14 2.28 

B- Two days water priming 2.49 1.79 2.14 

C- Tested antagonists    

Trichoderma harzianum  2.46 2.32 2.39 

T. humatum  2.17 1.99 2.08 

Bacillus subtilis  2.36 2.00 2.18 

D- Combined water-priming/T. harzianum 2.88 2.44 2.66 

Mean 2.38 1.97  

LSD0.05  

Seed treatments2 0.29 

Landraces3 0.15 

Interaction Ns4 

 2003/2004 

A- Reference treatments    

Control 1.78 0.98 1.38 

Biocide (‘Plant Guard’)  2.36 2.08 2.22 

B- Two days water priming 2.35 1.74 2.04 

C- Tested antagonists    

Trichoderma harzianum  2.33 2.17 2.25 

T. humatum  2.07 2.14 2.11 

Bacillus subtilis  2.23 1.85 2.04 

D- Combined water-priming/T. harzianum 2.66 2.29 2.47 

Mean 2.25 1.89  

LSD0.05  

Seed treatments2 0.44 

Landraces3 0.19 

Interaction Ns4 

Combined Significance  

Year effect = ns & Year X treatments = ns  

1 Seed pre-sowing treatment with the biocide and the antagonists were by soaking for 15 min while the control seeds were 

soaked in distilled water. 

2,3 To compare means of seed treatments averaged over landraces and means of landraces averaged over seed treatments, 

respectively. 

4 Nonsignificance. 

 

Seed yield and the percentage of infection 

with the disease were significantly and 

negatively correlated in both landraces and 

years (Table 9). Significant positive correlation 

coefficients were found between the seed yield 

and each of the number of the main and 

secondary branches, the number of umbels and 

the weight of the mature dry plants. Correlation 

coefficients were also positive between the seed 

yield and the 1000-seed weight but achieved 

significance only in Assiut landrace. 

Correlations between the seed yield and plant 

height were fluctuating. Correlation coefficient 

showed significant positive value in Qina 

landrace in the first year but was rather low 

and insignificant in the second year. Also, the 

coefficient of correlation was positive in the first 

year for Assiut landrace but negative in the 

second year. 



Ass. Univ. Bull. Environ. Res. Vol. 7 No. 2, October 2004 

-59- 

Table (9): Correlations coefficients between seed yield and the percentage of infection with the Fusarium wilt disease in 

cumin and between the seed yield and some of its main components for two landraces grown in two years. 

Trait 

Total seed yield/plant 

Landrace Landrace 

Qina Assiut Qina Assiut 

2002/2003 2003/2004 

Infection percentage -0.895 ** -0.928 **2 -0.933 ** -0.916 ** 

Plant height 0.891 ** 0.711 0.394 -0.358 

Main branches 0.862 *1 0.894 ** 0.848 * 0.831 * 

Secondary branches 0.887 ** 0.881 ** 0.948 ** 0.837 * 

Mature plant weight 0.930 ** 0.889 ** 0.873 * 0.827 * 

Number of umbels 0.932 ** 0.956 ** 0.935 ** 0.935 ** 

1000-seed weight 0.668 0.860 * 0.455 0.921 ** 

1, 2 Significant at 0.05 and 0.01 levels of the probability, respectively. 

 

DISCUSSION: 

The present study demonstrates an 

appreciable influence of both landraces and pre-

sowing treatments of cumin seeds on the 

reduction of the Fusarium wilt disease incidence 

that was associated with an enhance seed yield. 

Principally, the two landraces did not seem to 

be different in most of the main studied traits of 

plant growth and yield components (plant 

height, the number of main and secondary 

branches and the number of umbels). However, 

they exhibited differential levels of disease 

incidence especially when the untreated 

(control) seeds were used. This differential 

tolerance could have been developed by the 

natural selection for plant survival under the 

conditions of infestation with the causal 

pathogen where those plants are grown (Chang, 

1985; Ehdaie and Waines, 1989). In this study, 

the used pathogen strain was isolated from 

Assiut Governorate. There is a possibility that 

more virulent strains exist in Qina (Larkin and 

Fravel, 1998). The disease incidence is affected 

not only by the pathogen virulence but also with 

the prevailing complex of environmental 

conditions in the different growing regions 

(Handelsman and Stabb, 1996; Kurze et al., 

2001; Larkin and Fravel, 1998). Therefore, the 

landrace from Qina may have been adapted to 

more severe biotic and abiotic stresses. The 

relative superiority of the landrace from Qina 

suggests that the alternate use of different 

landraces may be introduced as new control 

measure in production of cumin under 

Fusarium wilt infestation conditions in Assiut. 

This is considered a new result out of the 

present study.  

The reduction of disease incidence can be 

expected to enhance the plant stand and 

consequently the seed yield per area unit 

especially when supported by enhanced plant 

productivity (seed yield per plant). In this study, 

cumin landrace from Qina exhibited 

enhancement in both plant stand (reduced 

infected plants) in the field and seed yield per 

plant. The produced higher seed yield per plant 

was accompanied by an apparent increased 

plant biomass. The enhanced seed yield per 

plant seemed, therefore, to be mainly due to an 

enhanced photosynthetic status that led to a 

better seed (fruit) filling. Assessments of 

mechanisms underlying the tolerance for 

Fusarium wilt in some cumin accessions in India 

(Mandavia et al., 2000) indicated that tolerance 

could be attributed to an increased production 

level of certain compounds. Among these 

compounds was the salicylic acid, which is 

known to enhance physiological status and 

induce tolerance to biotic and abiotic stresses 

(Raskin, 1992). The dual enhanced plant stand 
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and seed yield per plant under disease 

infestation conditions, such that of Qina 

landrace, could be conditioned by biochemical 

defense mechanisms of stress tolerance as a 

result of natural selection.  

The biocontrol agents (antagonist 

microorganisms) suppress disease infection not 

only by external protection of the plant though 

the inhibition (competition for substrates and/or 

production of antibiotics) of the pathogen 

growth (De Boer et al., 2003) but also via 

induction of systematic resistance (Leeman et 

al., 1995; Van Loon et al., 1998). In addition, 

production of stimulus for plant growth is also 

suggested (Hofflich et al., 1994; Linderman, 

1994). Seed priming increases the extra-embryo 

enzyme activity (Karssen et al., 1989) and 

enhances antioxidant compounds and/or 

enzymes production (Baily et al., 2000). 

Antioxidants activate and/or act as a defense 

system for the host (Guetsky et al., 2002). Thus 

these pre-sowing treatments could result in both 

lessening the number of infected plants coupled 

with enhanced growth and yield of the protected 

plants regardless of their differential initial 

tolerance to the disease. The overall results of 

using seed treatments in the present study 

showed that the increased seed yield per plant 

was expressed in both landraces. The increased 

seed yield per plant was associated with reduced 

percentage of the disease infection, and 

increased number of the main and secondary 

branches, weight of mature dry plants and 

number of umbels (Table 9). While the 

biocontrol has been widely documented to 

improve resistance to diseases and to enhance 

plant growth (Postma and Pattink, 1992; Taylor 

et al., 1994; Zang et al., 1996), the result 

obtained in this study with regard to the water 

priming of the cumin seeds that reduced the 

incidence of wilt disease is considered new.  

Several researchers have observed an 

improved disease control using various 

combinations of multiple compatible biocontrol 

organisms (Duffy et al., 1996; Duffy and Weller, 

1995; Dunne et al., 1998). This is attributed to 

providing multiple mechanisms of action 

especially of different antagonists (Jetiyanon 

and Kloepper, 2002; Lemanceau et al., 1993). 

With regard to the percentage of infection, 

combination of 2-day water priming and T. 

harzianum in the present study magnificently 

improved the control of the Fusarium wilt in 

cumin. Comparing with the use of water 

priming alone the reduction in the disease 

incidence using the combined treatment ranged 

from 48% to 55% with an average of 51.5%. In 

contrast with the percentage of infection when 

using T. harzianum alone, the reduction utilizing 

the combined treatment ranged from 35% to 

42% and averaged 38.5%. This suggests an 

existence of different mechanisms for protecting 

plants against infection with the disease. 

Possibly this resulted from complementation of 

external type of action of the antagonists and 

internal mechanism types of the water priming. 

Concerning the seed yield per plant, 

however, the combination of 2-day water 

priming and T. harzianum did not differ from 

using T. harzianum alone. The enhancement of 

this combination over the water priming 

treatment was inconsistent in the different years 

of the study. The same inconsistency was 

expressed for almost all the plant growth 

parameters (plant height, the number of main 

branches, weight of the mature dry plants and 

the number of umbels). Most likely is that the 

internal mechanisms of these seed treatments 

are similar and did not, therefore, induce 

appreciable enhancement in plant growth over 

the use of either one alone.  

Form the application point of view, 

however, combinations of seed treatments are 
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recommended for several possible advantages. 

These include a consistent control of the disease 

over a wide range of environmental conditions 

and control of different pathogen strains and/or 

multiple pathogens (Larkin and Fravel, 1998). 

In this study, the lessened percentage of infected 

plants obtained using combination of 2-day 

water priming and T. harzianum than either one 

alone would magnificently increase the stand of 

the plants in the field and consequently the yield 

per area unit. Coupling with an enhanced seed 

yield of individual plants then a greatly 

improved total seed yield of cumin can be 

obtained in the wilt-infested fields in Assiut. 
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 الذبول الفيوسارهيب ةي إًحاج الكووى جحث ظزوف عذوى الحزبيـجحس

 جقيين حقلي لسلالات أرضية وهعاهلات للبذور هخحلفة  -2

  **اب علي علاميعلي د، *عشه عبذ العشيش جوفيق 

 سيهطأجامعة  -كمية الزراعة  -مراض الشبات أقدم ، **قدم البداتين*
  

التذوه  الريتهرارم   لموسته  هبته  اتالرعر السدتيم لسترض أجريت هذه الدراسة تحتت رتر ا العتد ل العيي يتة قت    ت  م 
ختبارهتا عمت  أستار سراستة ستاا ة قت  ا التت  تتم  ،قي  الزراعتة ستخدام اعض معاملات اليذ ر ماااغرض التعرا عم  جد ل 

الظتر ا السع ستة  رتتر ا الزراعتة ااكذتت ، كتذلل رتتسمت الدراستة ستلالتين متتن الرتشف اليمتتدل متن محتتاقظت  قشتا  أستتيهط 
ين لتحس  السرض ق  الرتشف اليمتدل  الستتمقمم عمت  الزراعتة  ا فتتاج قت  مشتاة  مختمرتة ارتعيد لمتعرا عم  مدل  جهس تبا

مرر. تزسشت معاملات اليذ ر معاممتين  اسعم  الرعر السزاس "التراكهسرما هاريزيافم"  " الترايكهسرما هاماتم"  معاممة اسعمت  
البلافت جارس"، ك  هذه السعاملات اكربع كا  يتم قيها ف ع اليذ ر  البكتريا السزاسة "ااسمس سيتمس"  معاممة االسييد الحيهل "

(  لستدة Water-Primingستخدمت معاممت  خامدتة اتالش ع قت  الستا   اسقي ة، اا ضاقة لهذه السعاملات  51ق  السعم  لسدة 
ممتتة اسعمتت  الرعتتر ( يميهتتا معا-Priming Waterستتاعة  84 هتت  الش تتع قتت  الستتا   ،ستتاعة  معاممتتة ساسستتة  مختمعتتة( 84

 السزاس "التراكهسرما هاريزيافم" هذا اا ضاقة إل  السعاممة الس ارفة  الوهفتر  (.
 كافتتت اله تتدات الر يدتتية لسعتتاملات اليتتذ ر  ،تستتت التجربتتة قتت    تتدات مشذتت ة قتت  ترتتسيم ال عاعتتات الواممتتة العذتتها ية 

لوسه .  رسمت ويافات عم  فدبة ا ذااة  ةته  الشبتات  عتدس  اله دات السشذ ة  الررعية( لمدلالات اكرضية السختمرة من ا
وذرة  محره  اليذ ر لمشبات.  تم  5111الرر ع الر يدية  الثافهية  عدس الشهرات   ر  الشبات الشاضج الجاا  متهسط  ر  

أ  ك  معاملات اليذ ر قممت ا ذااة االسرض م ارفة االسعاممة الس ارفة  التحمي  ا  را   لو  الييافات  الت   جد من خلالها
ساعة ثم قعر الترايكهسرما هاريزيافم( قت   84 أ  أق  فدبة إذااة االسرض كافت من السعاممة السختمعة  السا    الوهفتر  (.

فتتاج ق تد كتا  محرته    متا ييستا يخت  اأقشا أقت  متن فظيرتهتا الدتلالة أستيهط.  ة كافت فدبة إذااة الدلال ،عام  الدراسة
ستخدام معاملات اليذ ر م ارفة اسعاممة الوتهفتر  .  تسيتزت السعاممتة السختمعتة اتمعم  االشبات من اليذ ر  الثسار( أعم  عشد 

  يرا يها اا ضاقة لش   فدتبة ا ذتااة ريتاسة قت  عتدس الرتر ع الر يدتية  الثافهيتة   ر ةمحره ،  قد رهر أ  هذه الزياس
الشبات الجاا  عدس الشهرات ق  عام  الدراسة  ق  ك  من الدلالتين قشا  أسيهط، مع ترته  الدتلالة قشتا عمت  ستلالة أستيهط 

متتع  ئقتت  محرتته  اليتتذرة.  قتتد قدتتر ترتته  السعاممتتة السختمعتتة عمتت  أفتت  راجتتع لتوامتت  ميكافيكيتتة تتتمثير السعاممتتة االستتا  كبتتاس
 .هسرما هاريزيافمميكافيكية تمثير السعاممة ارعر ترايك

 برتترة خاذتتة السعاممتتة السختمعتتة  ،قيتت  الزراعتتة ستتتخدام معتتاملات اليتتذ ر متتااإمكافيتتة  ة  متتن هتتذه الدراستتمستتتخا قتتد  
ستتخدمت قت  الس ا مة مرض الذوه  الريهرارم  لموسه   ت مي  ضرا ت  ق  اكراض  السهبته ة ات . قالسعاممتة السختمعتة  التت  

  ت مي  فدبة ا ذااة ق  عام  الدراسة مسا يعع  قرذة لمحرته  عمت  أكثتر عتدس متن الشباتتات هذه الدراسة كافت اكقز  ق
جديتتدة قتت  هتتذه  ةضتتاقإقتت  السدتتا ة السشزرعتتة مستتا يسكتتن أ  يتتشعكس إيجاويتتا عمتت  ا فتتتاج ا جستتال .  هتتذه السعاممتتة تعتيتتر 

دل لموسته  الستمقمستة لسشتاة  إفتتاج مختمرتة استا أيزا إلت   جتهس تبتاين وتين ستلالتين متن الرتشف اليمت ترار أ الت   ،الدراسة
 ت ميت  التمتهث الشتاتج عتن  ،تجاهات الحديثة لمحرتا  عمت  اليي تةالا يسهد  يجاس ةر  جديدة لس ا مة هذا السرض تتشاسم مع 

 اكفذعة الزراعية للإفتاج الشبات .


