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ABSTRACT

Lentil is one of the most important legume crops in the world, especially in developing countries.
In Egypt, root rot and wilt are the most important fungal diseases. Greenhouse and field
experiments were conducted to study the effect of Molybdenum (Mo} or Cobalt (Co) on lentil
pathogens (Rhizoctonia solani and Fusarium oxvsporum) and nitrogen fixation compared with
fungicide Rizolex THO. Lentil seeds (cvs. Giza 4 and (Giza 9) were soaked 8 h in Mo or Co at
concentration of 2 and & ppm before seeding while Rizolex TH0 was used as seed-coating at 3 g kg™
seeds. A split plot design with three replicates was used under greenhouse conditions. Results
showed that damping off significantly increased in Giza 9 compared to Giza 4. While both Mo and
Co decreased it in both cultivars; low level (2 ppm) was more effective. In the field, Mo and Co
treatments showed significant decrease in pre and post-emergence damping off as well as dead
plants (resulted from root rot and wilt). Additionally, plant height of lentil varieties showed
significant increase by Mo (2 ppm) and Co (2 ppm) treatments. Different concentrations of Mo and
Co were found to induce high root nodules, nitrogenase activity and nitrogen fixing bacteria. Seed
yield increased significantly by Mo and Co treatments except Mo (5 ppm) on Giza 4 variety in
second season. Soaking lentil seeds in Mo or Co at 2 ppm 1s recommended to be incorporated into
the production program of lentil to decrease root rot and wilt diseases as well as improve growth and
productivity.

Key words: Lentil, varieties, Fusarium oxysporum, damping off, Rhizoctonia solant, molybdenum,
cobalt elements

INTRODUCTION

Lentil (Lens esculenta) 1s a major grain and widely distributed legume crop grown under
a broad range of climates in many developing countries (Turk et al, 2004,
Abd-Allah and Hashem, 2006). This crop has been grown mainly as an inexpensive source of high
quality protein in human diets {(Salehpour et al., 2009; Rahman et al., 2010). Lentil plants are
affected by a wide range of pathogens. Fungal diseases led to decrease in productivity through
infection and damage to leaves, stems, roots and pods as well as reduced marketability by
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discoloring seeds (Taylor ef al., 2007). Fungal diseases of lentil, 1.e., root. rot and wilt that associated
with Rhizoctonia solani and Fusarium oxysporum infections, are the most important diseases in
Egypt (Hamdi et al., 2002; Morsy, 2005). These pathogens are difficult to control because of their
persistency in the scil and wide host range. Thus, control of seed borne fungi and their transmission
is currently limited to use of prophylactic fungicide treatments (Thomas and Sweetingham, 2003).
Because of the adverse envirenmental effects of fungicide applications, there is a need to explore
the potential of alternative strategies including the use of bicactive agent, for disease control
{Jacobsen and Backman, 1993). Another strategy of control depends upon enzymatic and non-
enzymatic antioxidant defense system. It allows the scavenging of reactive oxygen species and
provides protection to plants from oxidative damage that associated with fungal infections
{Gratao et al., 2005; Wani et al., 2008). The mechanisms that protect plant include local protection
and systemic protection which could be achieved either biotically or abiotically (Goodman et al.,
1986; Galal ef al., 1994; Galal and Abdou, 1998). Mo 1s an essential trace element for most
organisms as it cccurs in more than sixty enzymes catalyzing diverse oxidation reduction reactions
{Datta et al., 2011). Some authors studied the effects of Mo on plant health, especially in legumes.
Abd El-Hai (1995) stated that Mo increases photosynthetic pigments, phosphorus and potassium
contents and ultimately, support plant health. Increase in photosynthetic pigments leads to increase
in carbohydrate content. Carbohydrates are the main repository of photesynthetic energy and
comprise structurally polysaccharides of plant cell walls and principally cellulose, hemicelluloses and
pectin that consider a barrier against plant pathogens (Hahlbrock and Scheel, 1989). They added
that phenolic compounds are associated with the structural carbohydrates which play an important,
role in plant defense. On the other hand, Cobalt {Co) is known to promote many processes of plant
growth including leaf expansion, stem and root elongation (Yu and Yang, 1979; Atta-Aly ef al.,
1991). Moreover, many workers explained the role of cobalt in enhancing the resistance in plants.
In this respect, Zaky et al. (2002), Mazen (2004), Morsy (2005) and Mahmoud et al. (2009) stated
that, cobalt can activate new proteins, chitinase and other pathogenesis-related proteins and
activate many other plant defense enzymes.

The present study was designed to study the effect of Mo and Co on lentil pathogens
{(Fhizoctonia solani and Fusarium oxysporum) compared with the seed-coating fungicide Rizolex
T50 under greenhouse and field conditions. Effects of Mo and Ce on nitrogen fixation was also
investigated.

MATERIALS AND METHODS

Source of lentil seeds and tested chemicals: Two lentil seed cultivars (Giza 4 and Giza 9) were
obtained from Legume Crop Research Department, Field Crop Research Institute, Agriculture
Research Center, Giza, Egypt. Molybdenum (Mo) in the form of molybdic acid (H.Mo,H,C) and
Cobalt (Co) in the form of cobalt sulphate (CoS0,.5H,(3) were obtained from Al-Gomhoria
Company, Egypt.

Isolation, purification and identification of pathogenic fungi: The pathogenic fungi used
in this study were isolated from lentil plants showing symptoms of root rot and wilt diseases in
2007/2008 winter season. The infected plant parts were cut into small pieces and washed with
sterilized water, then placed on PDA medium in petri-dishes supplemented with

streptomycin sulfate (at the rate of 100 ug mL ™). The growing fungi were purified and identified
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by spore morphelogy and pigmentation according to Beooth (1977) and Sneh et al. (1992) for
Fusarium oxysporum and Rhizoctonia solani, respectively.

Preparation of fungal inocula: Inocula of the most aggressive isclates of F. oxysporum and
R. solani were prepared using sorghum-course sand-water (2:1:2 v/v) medium. The ingredients
were mixed, bottled and autoclaved for 30 rmn at 121°C and 1.5 air pressure. The sterilized medium
was inoculated using agar discs, obtained from the periphery of 7 days old colony of each 1sclated
fungi. The inoculated media were incubated at 25+£1°C for 15 days, then used for scil infestation
in greenhouse experiment for studying the pathogenecity test.

Greenhouse experiment: Pot experiment was carried out for testing the response of two lentil
cultivars to tested chemical under soil infested with causal pathogens. Disinfected scil was
sterilized by 5% formalin and thoroughly mixed separately with the previcusly prepared
fungal inocula at the rate of 3% of soil weight (w/w) placed in plastic pots (30 cm diameter),
irrigated twice at 3 day intervals before sowing to enhance fungal growth. Lentil seeds were soaked
per 8 hours in Mo or Co at concentration of 2 and 5 ppm and sown in pots at the rate of
20 seeds/pot. Untreated seeds were sown as check treatment and also seeds coating with Rizolex-
T50 (3 g kg ! seeds) were sown as a fungicide treatment. Three pots were used as replicates for each
particular treatment. Percentage of pre-and post-emergence damping-off were recorded at

15 and 30 days after sowing.

Field experiment: Two field experiments were carried out during 2008/2009 and 2009/2010
seasons in naturally infested soil of Tag EL-Ezz Agriculture Research Station Farm, Dakahlia
Governorate, Kgypt. Lentil seeds (Giza 4 and (hza 9) either treated with the same previous
treatments in the greenhouse experiment or untreated ones were used. Seeds were sown on
November, 25th in the first season and 15th in the second one. Two seeds/hill were sown with 5 em
apart between hills. A split plot design with three replicates was used. The main plets were varieties
of lentil while sub-plots were located to treatments. The area of each sub-plot was 10.5 m?
(3.5x3 m) consisting 5 rows. Pre- and post-emergence damping-off as well as dead plants

{resulted from root rot. and/or wilt) were recorded at 15, 30 and 60 days from sowing, respectively.

Nodulation status, nitrogenase activity and microbial counts: Samples of lentil roots were
collected after 70 days from sowing in the second season only for the determination of number and
dry weight (at 70°C until constant weight) of nodules. Nitrogenase activity was determined
according to Lethbridage ef al. (1982). The counting of total bacteria, nitrogen fixers and total fungi
in the rhizospheric saill of lentil plants was performed using the media of Bridson (1978),
Watanabe and Barraquio (1979) and Martin (1950}, respectively.

Growth, yield and seed quality: At harvest stage (150 days from sowing), plant height (cm),
number of branches, number of pods plant™, weight of 1000 seeds (g) and seed yield (kg fed™)
were recorded. Lentil seeds were dried at 70°C for 48 h., grounded and analyzed for phosphorus
content (Chapman and Pratt, 1965) and total nitrogen by semi-micro-Kjeldahl (Pregl, 1945). The
protein percentage was calculated by multiplying N% by 6.25.
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Statistical analysis: All data were subjected to the proper statistical analysis of variance, mean
values of treatments were differentiated using Least Significant Difference (LSD). Simple linear
correlation coefficient {r) was used to examine the relationships between individual properties. The
statistical analysis software; CoStat v6.4 was used.

RESULTS

Greenhouse studies: Pre and post-emergence damping off in lentil varieties, i.e., Giza 4 and (iza
9 caused by F. oxysporum and F. solant were studied in pot. experiments. Table 1 indicated that pre
and post emergence damping off ratios were significantly increased in Giza 9 compared to (iza 4.
Damping off either in pre or post-emergence showed to be significantly decreased in Rizolex
compared to Mo (2 and 5 ppm) and Co (b ppm) treatments. However, no significant differences in
pre-emergence damping off under soil infested by F. cxysporum obtained by Co at 2 ppm (7.3%) in
(iza 4 compared to Rizolex (6%). Interestingly, damping off in varieties of lentil either in low

concentration (2 ppm) of Mo or Co significantly decreased compared to their higher concentrations

(5 ppm).

Table 1: Pre- and post-emergence damping off caused by Fusarium oxysporum and Rhizoctonia solani under greenhouse conditions

F. oxysporum (%) R. solani (%)
Treatment Pre-emergence Post-emergence Pre-emergence Post-emergence
Varieties response
Giza 4 123 16.6 17.3 11.1
Giza 9 14.9 20.4 22.8 13.8
L8D at p<0.05 1.3 1.5 3.4 0.4
Effect of treatments
Control 335 43.2 55.5 36.0
Mo 2 ppm 103 13.8 14.2 7.2
Mo 5 ppm 125 17.2 19.0 14.2
Co 2 ppm 7.8 11.5 11.3 4.7
Co 5 ppm 115 17.0 15.8 10.0
Rizolex 6.2 8.3 45 2.7
LSD at p<0.05 1.1 1.1 1.0 0.8
Response of various combinations
Giza 4
Control 31.7 41.3 52.0 34.3
Mo 2 ppm 83 11.0 12.0 5.7
Mo 5 ppm 10.7 14.3 15.7 13.7
Co 2 ppm 7.3 10.3 8.3 3.3
Co 5 ppm 10.0 14.3 12.3 8.0
Rizolex 6.0 8.0 3.7 1.7
Giza 9
Control 35.3 45.0 59.0 37.7
Mo 2 ppm 123 16.7 16.3 8.7
Mo 5 ppm 14.3 20.0 22.3 14.7
Co 2 ppm 83 12.7 14.3 6.0
Co 5 ppm 13.0 19.7 19.3 12.0
Rizolex 6.3 8.7 5.3 3.7
LSD at p<0.05 1.5 1.6 1.4 1.2

105



Astan J. Plant Pathol., 5 (3): 102-114, 2011

Table 2: Pre and post-emergence damping off as well as dead plants caused during two successive growing seasons umnder field conditions

Pre-emergence % (15 day) Post-emergence % (30 day) Dead plants % (60 day)
Treatment Season 1 Season 2 Season 1 Season 2 Season 1 Season 2
Varieties response
Giza 4 8.4 12.4 6.6 91 6.3 8.8
Giza 9 11.4 15.3 84 12.5 7.3 9.9
LSD at p<0.05 0.6 0.8 0.2 1.0 0.4 0.9
Effect of treatments
Control 21.3 27.5 155 19.0 12.5 15.2
Mo 2 ppm 7.8 10.8 5.3 9.0 6.0 9.2
Mo 5 ppm 10.8 16.8 8.8 13.0 8.0 11.3
Co 2 ppm 5.8 8.0 4.7 7.0 4.5 6.2
Co 5 ppm 8.8 13.5 7.2 11.5 7.2 10.2
Rizolex 4.8 6.5 3.5 5.3 2.5 3.8
LSD at p<0.05 0.5 0.7 0.5 1.1 0.7 0.8
Response of various combinations
Giza 4
Control 19.3 25.7 14.3 18.0 11.3 13.0
Mo 2 ppm 6.7 9.7 4.0 7.3 6.0 9.0
Mo 5 ppm 9.0 16.0 79 10.3 7.3 11.3
Co 2 ppm 4.3 6.3 4.0 5.7 4.7 6.3
Co 5 ppm 7.7 12.3 6.3 9.3 6.7 10.3
Rizolex 3.3 4.7 3.0 4.0 1.7 3.0
Giza 9
Control 23.3 29.3 16.7 20.0 13.7 17.3
Mo 2 ppm 9.0 12.0 6.7 10.7 6.0 9.3
Mo 5 ppm 12.7 17.7 10.0 15.7 8.7 11.3
Co 2 ppm 7.3 9.7 5.3 8.3 4.3 7.0
Co 5 ppm 10.0 14.7 8.0 13.7 7.7 10.0
Rizolex 6.3 8.3 4.0 6.7 3.3 4.7
LSD at p<0.05 0.8 1.0 0.7 1.5 1.0 1.2

Field studies: Table 2 presents the percentage of pre and post-emergence damping off and dead
plants that cccurred during two successive growing seasons under field conditions.
Damping off percentage significantly increased in Giza 9 compared to Giza 4 in both seasons.
Significant differences (p<0.05) also have been obtained among the treatments. Pre and
post-emergence damping off showed to be significantly decreased in Mo and Co treatments
compared to control. Moreover, Mo (2 ppm) and Co (2 ppm) showed significant inerease in plant
height of lentil varieties compared to control. Giza 9 showed significant increase in plant height
{48.9 and 53.8 ecms) compared to Giza 4 (41.8 and 45.7 ems) during first and second season,
respectively (Table 3). However, no significant difference {p<0.05) in branches number has been
obtained.

Data presented in Fig. 1 show number and dry weight of nodules and nitrogenase activity as
response to Mo and Co treatments. Generally, Mo and Co at their concentrations (2 and 5 ppm)
increased the aforementioned parameters. However, low concentration (2 ppm) of Mo or Co
showed to be great inducers for tested parameters compared to the high concentrations
(5 ppm). The highest values of nodules number (16 nodule) in Giza 4 and (15 nodule) in Giza 9
occurred under the application of Co (2 ppm). Moreover, nitrogenase activity was more than
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Table 3: Growth parameters of 70 days old lentil plants as affected by different comhbinations of varieties and tested elements

Plant height (cm) Branches No./plant
Treatment Season 1 Season 2 Season 1 Season 2
Varieties response
Giza 4 41.8 45.7 74 8.1
Giza 9 48.9 53.6 7.3 7.1
LSD at p<0.05 1.2 2.1 ns 0.6
Effect of treatments
Caontrol 43.0 47.7 6.5 7.0
Mo 2 ppm 46.8 52.0 7.8 8.3
Mo 5 ppm 43.2 46.7 6.8 7.3
Co 2 ppm 49.7 53.8 8.8 8.5
Co 5 ppm 45.7 49.5 75 7.5
Rizolex 43.8 48.0 6.5 6.8
LSD at p<0.05 1.4 1.2 1.0 0.7
Response of various combinations
Giza 4
Control 39.7 44.0 6.7 7.7
Mo 2 ppm 43.3 48.3 7.7 9.0
Mo 5 ppm 39.7 42.0 7.0 8.0
Co 2 ppm 44.3 49.0 9.0 8.7
Co 5 ppm 42.3 46.3 7.3 7.7
Rizolex 41.3 44.3 6.7 7.3
Giza 9
Control 46.3 51.3 6.3 6.3
Mo 2 ppm 50.3 55.7 8.0 7.7
Mo 5 ppm 46.7 51.3 6.7 6.7
Co 2 ppm 55.0 58.7 8.7 8.3
Co 5 ppm 49.0 52.7 7.7 7.3
Rizolex 46.3 51.7 6.3 6.3
LSD at p<0.05 2.0 1.7 ns 18

120 MnC.,H,/g drv nodules/h in Giza 4 by low treatment of Mo and Co. Furthermocre, data
obtained (Fig. 2) indicated that the prevalence of Log bacterial count during Mo and Co
treatments, as well as, the nitrogen fixing bacteria showed increasing trends as compared to
control. Interestingly, low concentrations of Mo (2 ppm) and Co (2 ppm) were stimulating for the
numbers of total bacterial count {from 7:7.5 Log. count/g soil) and nitrogen fixing bacteria
{(5:5.8 Log. Countlg soil).

Table 4 indicates that there is a significant difference (p<0.05) in varieties response to
different treatments. Giza 4 yielded the highest number of pods per plant (58.3 and 67.9) in the
first and second season, respectively. Also, it gives the highest 1000 seed weight (27.7 g) in both
seasons and seed yield/ fed (491.3 and 496.1 kg fed ™). However, no significant difference (p<0.05)
in pod numbers/plant among the treatments. Likewise, the 1000 seed weight (g) of lentil
showed no significant difference in season one. As well as, no significant difference has
been determined in seed weights between Mo (5 ppm) or Co (5 ppm) and Rizolex. Interestingly,
Mo and Co at concentration of 2 ppm showed to bhe more stimulating to seed weight and
seed yield compared to their higher concentration (5 ppm). On the other hand, the quality of
lentil seeds was evaluated according to their content of nitrogen, protein and phosphorus.
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Fig. 1. Nodulation status and nitrogenase activity of lentil nodules as affected by different
treatments after 70 days of growth
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Fig. 2: The population of some microbial groups in the rhizosphere of lentil plants as affected by
different. treatments after 70 days of growth

Table b revealed that Giza 9 was the best in seed quality (27.93% protein and 0.527% P). Moreover,
any concentration of elements used increased these parameters significantly. Mo at 2 ppm followed
by Co at. 2 ppm was more effective. While the interaction between variety and treatments showed
no significant effect. The correlation between parameters was evaluated (Table 6) and the
summarized data showed that there is a significant correlation (p<0.05) between pre and post-
emergence (0.986) as well as pre, post-emergence and dead plants. Also there is a significant
correlation between nodules number and nodules weight (0.826), nodules weight and nitrogenase
activity (0.888) and nitrogenase activity with total count (0.890) and nitregen fixing bacteria
{0.909). Moreover, there is a significant correlation between seed yield with nodules number
(0.745), nitrogenase activity (0.778), total bacterial count (0.681) and nitrogen fixing bacteria

(0.731).
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Tahble 4: Yield of lentil as affected by different combinations of varieties and tested elements

Pods No./plant 1000 seed weight (g) Seed yield (kg/fed)
Treatment Season 1 Season 2 Season 1 Season 2 Season 1 Season 2
Varieties response
Giza 4 58.3 67.9 277 27.7 491.3 496.1
Giza 9 55.8 62.9 25.6 26.0 455.7 457.8
LSD at p<0.05 1.9 3.5 0.5 0.3 0.9 1.2
Effect of treatments
Control 52.5 60.7 25.5 26.0 455.7 464.0
Mo 2 ppm 60.5 72.5 27.4 27.5 485.3 493.2
Mo 5 ppm 54.3 62.0 25.9 26.2 463.2 467.5
Co 2 ppm 62.0 70.8 277 27.9 494.7 489.8
Co 5 ppm 58.0 65.8 26.9 26.8 477.3 479.5
Rizolex 55.0 60.5 26.5 26.5 464.7 467.7
LSD at p<0.05 2.2 2.0 0.4 0.3 2.8 2.6
Response of various combinations
Giza 4
Control 54.7 63.3 26.7 26.8 475.7 482 3
Mo 2 ppm 61.7 75.0 28.5 28.2 501.3 513.0
Mo 5 ppm 56.0 65.0 27.0 271 484 .7 4827
Co 2 ppm 62.3 73.0 28.8 289 505.3 512.0
Co 5 ppm 59.0 68.0 279 275 497.0 4993
Rizolex 56.0 63.0 275 275 483.7 487.0
Giza 9
Control 50.3 58.0 243 2562 435.7 445.7
Mo 2 ppm 59.3 70.0 26.3 26.9 469.3 473.3
Mo 5 ppm 52.7 59.0 24.8 253 441.7 4523
Co 2 ppm 61.7 68.7 26.5 26.8 484 .0 467.7
Co 5 ppm 57.0 63.7 26.0 26.2 4577 459.7
Rizolex 54.0 58.0 25.5 256 445.7 4483
LSD at p<0.05 ns ns ns 0.4 3.9 3.6

Table 5: Quality of lentil seeds recovered from the second season as affected by different combinations of varieties and the tested

elements
Treatment N % Protein % P %
Varieties response
Giza 4 4.36 27.27 0.501
Giza 9 4.47 27.93 0.527
LSD p<0.05 0.02 013 0.005
Effect of treatments
Control 4.26 26.62 0.473
Mo 2 ppm 4.60 28.75 0.583
Mo 5 ppm 4.46 27.88 0.520
Co 2 ppm 4.54 28.38 0.543
Co 5 ppm 437 27.33 0.487
Rizolex 4.26 26.65 0.477
LSD p=0.05 0.04 0.24 0.013
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Tahle 5: Continued

Treatment N % Protein % P%

Response of various combinations

Giza 4
Control 4.22 26.40 0.457
Mo 2 ppm 455 28.47 0.573
Mo 5 ppm 441 2757 0.510
Co 2 ppm 4.49 28.03 0.533
Co 5 ppm 1.28 26.77 0.470
Rizolex 4.22 26.40 0.463

Giza 9
Control 4.29 26.83 0.490
Mo 2 ppm 4.65 29.03 0.503
Mo 5 ppm 451 28.20 0.530
Co 2 ppm 4.60 28.73 0.553
Co 5 ppm 446 27.00 0.503
Rizolex 4.30 26.90 0.490

LSD p=0.05 ns ns ns

Tahle 6: Correlation between every two pairs of main parameters
Pre- Post- Dead Nodules Nodules Bacterial Nitrogen Fungal

emergence emergence plants No. Wt. Nitrogenase count fixers count

Post-emergence  0.986%*

Dead plants 0.950%* 0.944%*

Nodules No. -0.620% -0.651*% -0.476%¢

Nodules Wt. -0.575 -0.599*% -0.43 7 0.826%*

Nitrogenase -0.4317¢ -0.464" -0.259% 0.771%*% 0.888%*

Bacterial coomt  -0.353 -0.408¢ -0.2167¢ 0.717%*% 0.804%* 0.890%*

Nitrogen fixers -0.498 -0.4900¢ -0.324n¢ 0.736%*% 0.802%* 0.909*%* 0.816%*

Fungal count 0.168% 0.110% -0.016% -0.384%° -0.279% -0.404% -0.168% -0.531%

Seed yield -0.518 -0.560m -0.368" 0.745%* 0.698* 0.778%% 0.681* 0.731** -0.570°

=»*Not gignificant, *Significant at p<0.05, **Significant at p<0.01

DISCUSSION

Results indicated that Mo and Co at 2 ppm concentrations showed significant decrease in
pre and post-emergence damping off both in in vitro and in vive conditions compared to control.
The role of Mo in decreasing damping off may be due to increasing the level of cytokinin,
consequently enhancing the total phenols, caleium content and activity of catechol oxidase which
protect plants against pathogens infection (Wahdan, 1991; Chowdhury, 2003). Besides, Co
concentrations played an important role in reduction of damping off and wilt diseases. Our results
agree with Abd El-Kareem et al. (1993), Zaky et al. (2002) and Mahmoud ef al. (2009), They
explained the role of cobalt in inducing the resistance in plants by activating new proteins and
several enzymes that may have a role in disease resistance. In addition, the difference in damping
off ratios as well as growth and yield between the two varieties may be due to the genetic structure
that plays a role in these parameters (Khan et al., 2001; Akem et al., 2006; Panahyan-e-Kivi et al.,
2009). Moreover, Mo and Co may have inducer effect on the antioxidant enzymes such as
glutathione reductase that produced under metal stress (Cardoso et al., 2005) and reduced metal
toxicity as well as protect plants from pathogens. Results obtained also showed significant increase
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in plant height by Mo and Co at concentration of 2 ppm compared with contrel. Mo increased plant,
height, photesynthetic pigments, mineral content and number of pods and ultimately, support plant
health (Abd El-Hai, 1995; Datta et al., 2011). Because increasing of photosynthetic pigments led
to increases carbohydrate content. Carbohydrates are the main repository of photosynthetic energy,
they comprise structural polysaccharides of plant cell walls and principally cellulose, hemicelluloses
and pectin that consider the barrier against plant pathogen. Also phenolic compounds are
associated with the structural carbohydrates which play an important role in plant defense
{(Hahlbrock and Scheel, 1989). Likewise, cobalt is known to promote many processes of plant growth
including leaf expansion, stem and root elongation (Lau and Yang, 1976; Yu and Yang, 1979;
Atta-Aly ef «l., 1991). Moreover, Cobalt can be activated new proteins, as chitinase and other
pathogenesis-related proteins and activate many of enzymes which have a role in disease resistance
(Zaky ef al., 2002; Mazen, 2004; Morsy, 2005; Mahmoud et al., 2009).

On the other hand, the stimulatory effects of Mo and Co in nodules number, nodules dry
weight and nitrogenase activity were described by Hashimato and Yamasaki (1976) and
Sutcliffe and Baker (1981). They stated that Mo is required for organisms utilizing atmospheric
nitrogen, also, Mo is believed to serve as an activator of enzymes involved in nitrogen fixation
process. Regard to Co treatments, data showed that. Co increased number and dry weight of nodules
and nitrogenase activity. This is supported by Mathur et al. (2008). Although, low concentration
of Mo and Co was found to be more inducer for nitrogenase activity, these results may be due to
the effect of higher concentration of Mo or Co on rhizobacteria. Molybdenum is an essential
constituent of two important enzymes involved in the assimilation of nitrogen, namely nitrate
reductase and nitrogenase. Nitrate reductase is a molybdoflavo-protein and is present in leaves and
roots, probably in the cytoplasm. Nitrogenase, the enzyme responsible for the reduction of
dinitrogen, contains of two iron-sulphur proteins, the larger one of which contains molybdenum
and 1s an iron-molybdenum protein and the smaller one 1s an iron protein (Lauchli et af., 1983;
sSiddiky et al., 2007). While, cobalt is as the metal component of coenzyme B12 which required for
leghaemoglobin formation. In addition to other important reactions in nitrogen fixation dependent
on either vitamin B12 or the coenzyme form (Marschner, 1986). Moreover, rhizobacteria was found
to reduce the toxicity of heavy metals and produce growth promoting substances (Gupta ef al.,
2004; Wani ef al., 2008). The results also, indicated that the genetic structure may play a vital role
in the significant differences of varieties response to the treatments. Obtained results also indicated
that, Mo and Co at low concentration (2 ppm) showed a great inducing effect on seed weight and
seed yield compared to the higher concentrations. Xia and Xiong (1991) peinted out that Mo
stimulated IN uptake and content, as well as, Mo increased cytokinin which induced lateral bud
development (Tucker and Mansfield, 1973) with subsequent growth of lateral shoots. On the other
hand, lentil seeds were chemically evaluated for their content of nitrogen, protein and phosphorus.
Results indicated that no significant difference has been obtained.

The positive correlation among the tested parameters may explain the obvicus increment of
lentil yield and its growth, in which, the increase in total bacterial count and nitrogen fixing
bacteria led to increase in nodules number. In turn, increase in nitrogenase activity consequently
induce nitrogen fixation. Nitrogen is usually the fourth most abundant element in plants, following
carbon, oxygen and hydrogen. It has an essential role as a constituent of proteins, nucleic acid,
chlorophyll and growth hormones (Kngelhard, 1993). The importance of Mo and Co may be due
to its effects as co-factor for some enzymes that play a vital role in protection of plants against
pathogens. As well as its activators for metallo-enzymes that participate in the plant metabolism
and nitrogen fixation process (Ahmad et al., 2002),

111



Astan J. Plant Pathol., 5 (3): 102-114, 2011

CONCLUSION

Finally, it was found that Mo and Co at low level {2 ppm) decreased damping off and wilt
diseases and enhanced growth and yield of lentil. So, it could be recommended to use Mo and Co
at 2 ppm for seed soaking of lentil to overcome the injurious effects of pathogens. In addition to
disease suppression, Mo and Co have the potential to enhance growth, nitrogenase activity and to
maximize the yield and seed quality.
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