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wo micronutrients, i.e. manganese and zinc sulphate(s), used as
seed treatment along with compost used as soil amendment were

evaluated for their control efficiency against Fusarium wilt disease of
chickpea (Cicer arietinum L.) caused by Fusarium oxysporum f.sp.
ciceris. In vitro evaluation revealed that out of 21 isolates of bacteria
recovered from compost extract, five isolates, belonged to genus
Bacillus reduced linear growth of F. oxysporum on PDA medium.
Enrichment the medium with zinc or manganese sulphate(s) increased
antagonistic activity of the tested bacteria. Application of
micronutrients, alone or mixed with compost, as soil amendment,
effectively reduced wilt disease incidence under greenhouse and field
conditions in two growing seasons (2010/11 and 2011/12). Mixed
applications recorded the highest disease decrements which
dramatically associated with a rapid accumulation of salicylic acid
content in roots compared to untreated-unamended control. Higher
salicylic acid content caused lower disease incidence. Also, microbial
activity in the rhizosphere of chickpea plants, as shown by greater
dehydrogenase activity, markedly increased as a result of application
of micronutrients, alone or mixed with compost. The statistical
analysis revealed a negative correlation between disease incidence and
microbial activity. Furthermore, application of micronutrients and
compost increased crop parameters, nodulation of chickpea plants as
well as seed protein content compared to untreated-unamended
control.

Keywords: Manganese sulphate, microbial activity, rhizosphere,
salicylic acid, seed protein, wilt and zinc sulphate.

Chickpea (Cicer arietinum L.) is an important food legume crop with high
protein content. It is considered as a good nitrogen fixer. The major constraints to
chickpea production are susceptibility to diseases (Pande et al., 2005). Fusarium wilt
disease caused by Fusarium oxysporum Schlecht. Fr. f.sp. ciceris (Padwick) Matuo
& K. Sato, is a widespread disease that occurs in most chickpea growing areas,
causing considerable yield losses (Badawi et al., 2007 and Sarwar et al., 2010).

Biological and nutrient management of soil borne diseases are increasingly
gaining stature as possible practical and safe approach to control fungal diseases
(Adhilakshmi et al., 2008). The use of composts to suppress soil borne diseases,
especially Fusarium wilt disease has been extensively reviewed (Escuadra and
Amemiya, 2008; Yogev et al., 2011 and Singh et al., 2012).
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The suppressive effect of compost is due to a combination of biotic and abiotic
factors (Kavroulakis et al., 2010 and Pane et al., 2012). Suarez-Estrerella et al.
(2012) isolated several microorganisms from composts which have been identified
as biocontrol agents. Also, diversification of different organic materials in the
compost increase microbial activity in the rhizosphere, thereby enhancing disease
suppressiveness (Yogev et al., 2011 and Xiao et al., 2012).

Compost-amended soil increased phenolic content of the growing plants,
suggesting that induced resistance could be an additional mechanism involved in
soil borne disease suppression by compost (Wang and Millner, 2009 and Abdel-
Fattah and Al-Amri, 2012).

On the other hand, micronutrients actively participate in the control of soil borne
diseases (Ahmed, 2007; Das, 2007 and Adhilakshmi et al., 2008), through
increasing plant's resistance and induction of defence related compounds (Hill et al.,
1999 and Ahmed, 2007), in addition to the increase of population and activity of the
potential microorganisms in the rhizosphere (Hameeda et al., 2006 and Das, 2007).

This investigation was designed to; a) In vitro evaluate the efficiency of some
isolates of bacteria isolated from compost on mycelial growth of F. oxysporum f.sp.
ciceris; b) Study the effect of micronutrients as seed treatment, alone or mixed with
compost amended soil, against chickpea Fusarium wilt under greenhouse and field
conditions; c) To monitor the involvement of salicylic acid content and d) Study the
effect of micronutrients on microbial activity (as dehydrogenase), plant growth
parameters and nodulation as well as seed protein content.

M a t e r i a l s   a n d   M e t h o d s

Compost:
Compost (rice straw and cow dung) obtained from Soil, Water and Environ. Res.

Inst. (SWERI), ARC, was used in this investigation. The main properties of the
compost are shown in Table (1).

Isolation of bacteria from compost extract:
Two grams of the tested compost was transferred to flask (100ml) containing

20ml sterilized distilled water, and shaked for 1h using an electric shaker, then the
extract was serially diluted to (10-6). Plates containing peptone dextrose agar
medium were inoculated with 1ml of the diluted compost extract, then incubated at
28ºC for 5 days. Apparently different isolates of bacteria were selected, purified and
examined for antagonistic effect against Fusarium oxysporum f.sp. ciceris.

Effect of different isolates of bacteria isolated from compost on mycelial growth of
F. oxysporum f.sp. ciceris:

Plates containing potato dextrose agar (PDA) medium, PDA supplemented with
manganese sulphate (2mM) or zinc sulphate (2mM), were inoculated at one side of
the dish with a disc (5-mm-diam.) of F. oxysporum f.sp. ciceris taken from the
periphery of 8-day-old culture. Each isolate of tested bacteria was streaked on
the opposite side. Control plates of PDA medium only, or PDA supplemented
with manganese sulphate (MnSO4) or zinc sulphate (ZnSO4), were inoculated with
a disc of the pathogenic fungus only.
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Table 1. Characteristics of compost used in this investigation
Character Value

pH 8.12
E.C (ds/m) 1.57
Organic Matter (%) 33.79
C/N ratio 18.90
Total-N (%) 1.46
NH4-N (ppm) 200.00
NO3-N (ppm) 270.00
Total-P (%) 0.63
Total-K (%) 1.14

Three plates were used as replicates for each treatment. All plates were incubated
at 25ºC. When the mycelial growth covered the whole surfaces in control of each
treatment, the plates were then examined and linear growth of F. oxysporum f.sp.
ciceris was determined. Isolates of bacteria which showed antifungal activity were
identified according to (Vos et al., 2009) in Microbial Dept. at SWERI, ARC.

Greenhouse experiment:
Seed treatment:

Surface sterilized chickpea seeds (cv. Giza 3) were soaked in 2mM solution of
MnSO4 or ZnSO4 for 6 h then allowed to air dry.

Preparation of fungal inoculum:
Glass bottles (500ml) containing corn meal-sand medium (3:1 w/w) were

autoclaved at 121ºC for 30 min, then inoculated with discs (5-mm-diam.) taken from
8-day-old culture of F. oxysporum f.sp. ciceris and incubated at 25ºC for 15 days.

Soil infestation was carried out by mixing fungal inoculum with sterilized
potted-soil at the rate of 4% (w/w). The infested soil was watered for 5 days to
enhance fungal growth and to ensure even distribution of the inoculum.

Chickpea seeds, either untreated or pre-treated with ZnSO4 or MnSO4, were
individually sown in pots (30-cm-diam) containing, either infested soil + compost at
the rate of 5% (w/w) or infested soil only. The treatments were prepared as follows:

1. Untreated seeds sown in pots containing infested soil (Control treatment).
2. Seed treated with ZnSO4 and sown in pots containing infested soil.
3. Seed treated with MnSO4 and sown in pots containing infested soil.
4. Untreated seeds sown in pots containing infested soil + compost 5% (w/w).
5. Seed treated with ZnSO4 and sown in pots containing infested soil + compost

5% (w/w).
6. Seed treated with MnSO4 and sown in pots containing infested soil + compost

5% (w/w).

Three pots were used as replicates for each treatment, and seven seeds were
sown in each pot.

Disease assessment:
Growing chickpea plants were periodically examined and disease incidence was

recorded 65 days after sowing, according to (Sarwar et al., 2010).
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Salicylic acid content:
Estimation of salicylic acid content was carried out in Micro Analytic Centre,

Cairo Univ. Root samples of the growing chickpea plants of each of the
aforementioned treatments were collected 10, 15 and 20 days after sowing.

One gram of each sample tissues was extracted and homogenized with
acetonitrile : 0.1% phosphoric acid (15:85 v/v). The extract was filtered through
Whatman (No.1) filter paper and micro filter (0.45µm), and then stored in vials.
HPLC analysis was carried out to determine salicylic acid in the extracts. The
analysis was performed on a model "HP1050" HPLC equipped with UV detector.
Separations and determinations were performed on RP 18 (ODS) Column
(4.6×250mm). The mobile phase was the same one which used in the extraction. UV
detector was 254 nm and flow rate was 1.5ml/min according to (Gertz, 1990).

Field experiments:
These experiments were carried out at Etay El-Baroud Agric. Res. Station in

Behera Governorate during two successive seasons of 2010/11 and 2011/12, in
a field naturally infested with the wilt disease causal organism, divided into 2×3m2

plots. Tested compost was applied, at the rate of 5 ton/fed, to the prepared field plots
before sowing.

Chickpea seeds treated, or untreated, with ZnSO4 or MnSO4 (as mentioned
before) were sown (2 seeds/hill), with approximately 20cm space distance between
hills, in plots amended, or not, with compost. The experiment was arranged in split
plot design. Three replicated plots were used for each treatment. Seeds of each
treatment were treated before sowing with gamma irradiated vermiculite based
inoculum (rhizobial inoculum) at the rate of 300g/40kg seed.

Growing plants were periodically examined and wilt disease incidence was
recorded 65 days after sowing (Sarwar et al., 2010). Number and dry weight of
nodules per plant was recorded 55 days after sowing and other crop parameters were
recorded at harvest time.

Microbial activity:
Microbial activity in the rhizosphere of chickpea plants (pre-treated with

micronutrients and grown in soil amended, or not, with compost) grown under field
condition was estimated as dehydrogenase activity.

Soil samples from the rhizosphere of each treatment were collected 45 and
75 days after sowing, air dried and mixed with CaCO3 0.1g/10g soil. Determination
of dehydrogenase activity was carried out according to the method of (Dick and
Tabatabai, 1993) using spectrophotometer (UV2600) at 485 nm. Triphenyel
Tetrazolium Chloride (TTC) used as artificial electron acceptor to show the
microbial activity in the rhizosphere through microbial respiration.

Seed protein content:
Determination of seed protein content was carried out in Central Lab. Soil,

Water and Environ. Res. Inst., ARC, Giza. Chickpea seed samples of each treatment
were collected at harvest time, and total protein content was determined according to
the method described by (Chapman and Pratt, 1961).
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Statistical analysis:
Analysis of variance (ANOVA) of the obtained data was carried out according to

(Gomez and Gomez, 1984). Correlation and regression were performed with SPSS
software package. Least significant difference (LSD) was used to compare means.

R e s u l t s

Effect of some isolates of bacteria on mycelial growth of the pathogen:
Results in Table (2) show that out of 21 isolates of bacteria recovered from

compost, only five isolates belonged to genus Bacillus significantly decreased
mycelial growth of Fusarium oxysporum f.sp. ciceris grown on PDA medium.
Supplying PDA medium with ZnSO4 or MnSO4 significantly increased the reduction
in mycelial growth. Isolates number B-3 and B-4 recorded the highest mean
decrease being 3.6 and 3.7, respectively.

Table 2. Effect of different isolates of bacteria isolated from compost on
mycelial growth of F. oxysporum f. sp. ciceris grown on PDA medium
supplemented with ZnSO4 or MnSO4

Bacterial isolate
Linear growth (cm)

PDA (PDA+Zn) (PDA+Mn) Mean
B-1 5.6 3.8 4.7 4.7
B-2 6.1 5.4 5.5 5.7
B-3 4.0 3.1 3.6 3.6
B-4 4.4 3.7 3.8 3.7
B-5 5.1 4.6 4.4 4.7

Control 9.0 9.0 9.0 9.0
Mean 5.7 4.9 5.2 -

LSD at 0.05 for:    Bacteria (B)=  0.39            Medium (M)=  0.27               (B)×(M)=  N.S

Effect of micronutrients and compost on disease incidence under greenhouse
conditions:

Seed treatment with either ZnSO4 or MnSO4 significantly decreased wilt disease
incidence compared to untreated control (Table 3). Seed treatment with ZnSO4 was
more effective than MnSO4. The decrease in disease incidence was significant and
much greater in the presence of compost. Compost mixed with micronutrients
recorded a maximum decrease being 12.5% followed by treatments of ZnSO4,
compost and MnSO4 being 16.67%, 20.83% and 29.17%, respectively.

Effect of micronutrients and compost on salicylic acid content in chickpea plants:
Salicylic acid content in chickpea plants increased as a result of application of

compost and micronutrients upon infection with the pathogen, compared to
untreated control. Maximum increase was recorded 10 days after sowing (Fig.1).
Application of micronutrients alone was more effective than compost alone.
However mixed application of micronutrients and compost (which caused the lowest
disease incidence) recorded maximum increases in salicylic acid content 10 day after
sowing. Nevertheless, salicylic acid content showed sharp decrease 15 and 20 days
after sowing.
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Table 3. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amendment on chickpea wilt disease incidence
under greenhouse conditions

Treatment Disease incidence (%)
(-) Compost (+) Compost Mean

ZnSO4 16.67 12.50 14.58
MnSO4 29.17 12.50 20.83
Control 58.33 20.83 39.58
Mean 34.72 15.28

LSD at 0.05 for:   Micronutrient (M)= 10.45        Compost (C)= 8.53        (M)×(C)=   14.78

Fig. 1. Effect of seed treatment with micronutrient alone or mixed with compost
soil amendment on salicylic acid content in chickpea plants, 10, 15 and
20 days after sowing.

Effect of micronutrients and compost on wilt disease incidence under field
conditions:

Results in Table (4) show that in the two season's application of MnSO4 or
ZnSO4 as seed treatment alone significantly decreased the wilt incidence compared
to the untreated control. Addition of compost significantly decreased the wilt
incidence. Mixed application of compost and micronutrients was more effective than
compost alone. Compost mixed with ZnSO4 recorded the lowest disease incidence
being 1.67 and 2.77%, followed by compost mixed with MnSO4 being 2.78 and
4.44%, in the two tested seasons, respectively.

Effect of micronutrients and compost on microbial activity (as shown by
dehydrogenase):

Results in Table (5) show that single treatment of seed either with ZnSO4 or
MnSO4 significantly increased dehydrogenase activity, in the two seasons treatments
compared with untreated control.
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Table 4. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amended on chickpea wilt disease under field
conditions, in season 2010/11 and 2011/12 at Behera Governorate

Treatment
Disease incidence (%)

Season 2010/11 Season 2011/12
(-) Compost (+) Compost Mean (-) Compost (+) Compost Mean

ZnSO4 6.11 1.67 3.89 6.67 2.77 4.72
MnSO4 5.56 2.78 4.17 7.22 4.44 5.83
Control 13.33 6.67 10.00 16.11 5.0 10.56
Mean 8.33 3.71 10.00 4.07

L.S.D at 0.05 for: Micronutrient (M)= 2.67 2.46
Compost (C) = 2.18 2.01
(M)×(C) = N.S 3.49

Table 5. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amended on microbial activity (as dehydrogenase)
in the rhizosphere of chickpea plants grown under field conditions in
seasons 2010/11 and 2011/12 at Behera Governorate

Treatment

Dehydrogenase activity (µg TPF*/g soil/24h.)
Season 2010/11

45 days 75 days
(-) Compost (+) Compost Mean (-) Compost (+) Compost Mean

ZnSO4 109.8 178.6 144.2 125.0 210.7 167.8
MnSO4 115.0 149.8 132.4 122.8 173.5 148.2
Control 97.3 133.0 115.2 112.3 154.3 133.3
Mean 107.4 153.8 120.0 179.5

L.S.D at 0.05 for: Micronutrient (M)= 21.05 22.09
Compost (C) = 17.19 18.04
(M)×(C) = N.S N.S

Season 2011/12
ZnSO4 121.6 142.3 131.9 120.5 227.8 174.2
MnSO4 101.9 131.2 116.6 141.4 181.9 161.7
Control 78.0 128.5 103.3 103.6 170.8 137.2
Mean 100.5 134.00 121.8 195.5

L.S.D at 0.05 for: Micronutrient (M)= 6.38 14.00
Compost (C) = 5.21 11.43
(M)×(C) = 9.02 19.80

*TPF= Triphenyl-Formazan.

Maximum increase was recorded after 75 days from sowing. However, the
activity was much higher and significantly greater in the presence of compost.
Mixed application of compost and micronutrient was more effective than compost
alone. Compost combined with ZnSO4 recorded the highest increase being 210.7 and
227.8 (µg TPF/g soil/24h) after 75 days from sowing in the two seasons,
respectively.
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Results in Table (6) and Fig. (2) show that the correlation between disease
incidence and dehydrogenase activity in the seasons 2010/11 and 2011/12 was
negatively and highly significant during examination periods, except 75 day in the
first season 2010/11 the correlation was non-significant (r = -0.381).

Table 6. Correlation between chickpea wilt incidence and microbial activity
(based on dehydrogenase activity) in the rhizosphere of chickpea
plants grown at Behera Governorate in seasons 2010/11 and 2011/12

Dehydrogenase activity µg TPF*/g soil/24h. after
45 days 75 days

Wilt disease incidence (r)a (r)
Season 2010/11 -0.790** -0.381
Season 2011/12 -0.654** -0.691**

* TPF= Triphenyl-Formazan.
** Significant at p ≤ 0.01
a = Correlation coefficient.

Season 2010/11

Season 2011/12

Fig. 2. Regression equation that describes the relationship between
dehydrogenase activity and chickpea wilt disease incidence 45 and 75
days after sowing in season 2010/11 and 2011/12
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Effect of micronutrients and compost on nodulation status:
In the two seasons, single seed treatment, either with ZnSO4 or MnSO4,

significantly increased number of nodules per plant compared to untreated control
(Table 7). Seed treatment with ZnSO4 was more effective than MnSO4 treatment.
The increase was much higher and significantly greater in the presence of compost.
Moreover, mixed application of compost and micronutrients was more effective than
compost alone. Mixed application of compost and ZnSO4 recorded the maximum
number of nodules being 49.67 in the first season. Whereas mixed application of
compost and MnSO4 recorded maximum number of nodules in the second season
being 42.

Also, application of MnSO4 or ZnSO4 significantly increased dry weight of
nodules in the presence or absence of compost in the two seasons (Table 7). The
increase was more pronounced in the presence of compost. Mixed application of
compost and micronutrients was more effective than compost alone. Compost mixed
with ZnSO4 recorded the highest dry weight being 593 mg in the first season.
Whereas compost mixed with MnSO4 recorded the highest dry weight being 453 mg
in the second season.

Effect of micronutrients and compost on crop parameters:
Crop parameters of chickpea plants increased in both seasons as a result of

application of compost and micronutrients (Tables 8a & 8b). Seeds treated with
micronutrients increased the number of branches per plant in season 2010/11. This
increase was significantly greater and much higher in the presence of compost.
Mixed application of compost and ZnSO4 was superior. Regardless of compost
amendment in season 2011/12, seed treated with micronutrients significantly
increased number of branches per plant compared to untreated control.

Number of pods/plant significantly increased when the seeds were treated with
either ZnSO4 or MnSO4 in both seasons (Table 8a). Addition of compost
significantly increased the number of pods/plant. Mixed application of compost and
micronutrients was more effective than compost alone. Mixed application of MnSO4

and compost recorded the highest number of pods being 114.00 and 103.00
pods/plant in the two seasons, respectively.

Application of micronutrients either alone or mixed with compost increased the
weight of 100 seed in the two seasons (Table 8b). The increase was significant in
season 2011/12. However, the increase was more pronounced in mixed application
of compost and micronutrients than micronutrients alone. In season 2010/11, seed
treated with micronutrients significantly increased seed yield per plant compared to
untreated control. Whereas, in season 2011/12 addition of compost significantly
increased seed yield per plants in mixed application treatment of compost and
micronutrients compared to single ones. Mixed application of compost and MnSO4

recorded the highest seed yield/plant being 22.4 and 18.9 g/plant in the two seasons,
respectively.
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Table 7. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amended on nodulation status of chickpea plants
grown under field conditions in 2010/11 and 2011/12 seasons

Season 2010/11

Treatment
No. of nodules/plant Dry weight of nodules/plants (mg)

(-) Compost (+) Compost Mean (-) Compost (+) Compost Mean
ZnSO4 41.67 49.67 45.67 360.0 593.0 476.5
MnSO4 32.00 43.33 37.67 203.0 566.0 384.5

Control 17.33 38.67 28.00 30.0 348.0 219.0
Mean 30.33 43.89 217.67 502.33

L.S.D at 0.05 for: Micronutrient (M)= 5.00 63.89
Compost (C) = 4.09 52.17
(M)×(C) = 7.08 N.S

Season 2011/12
ZnSO4 36.00 37.67 36.84 328.0 372.0 350.0
MnSO4 27.33 42.00 34.67 219.0 453.0 336.0

Control 14.67 31.67 23.17 76.0 270.0 173.0
Mean 26.00 37.11 207.66 365.0

L.S.D at 0.05 for: Micronutrient (M)= 6.57 59.70
Compost (C) = 5.36 48.75
(M)×(C)                = 7.08 84.43

Table 8a. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amendment on some crop parameters of chickpea
plants grown under field conditions 2010/11 and 2011/12 growing
seasons at Behera Governorate

Season 2010/11

Treatment
No. of branches/plant No. of pods/plant

(-) Compost (+) Compost Mean (-) Compost (+) Compost Mean
ZnSO4 6.7 8.0 7.3 89.3 107.0 98.2
MnSO4 6.7 7.0 6.8 85.7 114.0 99.8

Control 6.3 7.7 7.0 75.7 82.3 79.0
Mean 6.6 7.6 83.6 101.1

L.S.D at 0.05 for: Micronutrient (M)= N.S 10.97
Compost (C) = 4.09 8.96
(M)×(C) = 7.08 N.S

Season 2011/12
ZnSO4 6.67 7.33 7.0 85.33 97.67 91.50
MnSO4 7.67 7.67 7.67 85.00 103.00 94.00

Control 6.0 7.00 6.50 71.67 88.33 80.00
Mean 6.78 7.33 80.67 96.33

L.S.D at 0.05 for: Micronutrient (M)= 0.79 7.08
Compost (C) = N.S 5.78
(M)×(C) = N.S N.S
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Table 8b. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amendment on some crop parameters of chickpea
plants grown under field conditions 2010/11 and 2011/12 growing
seasons at Behera Governorate

Season 2010/11

Treatment
Weight of 100 seed (g) Seed yield/plant (g)

(-) Compost (+) Compost Mean (-) Compost (+) Compost Mean
ZnSO4 21.5 22.8 22.2 18.7 19.7 19.2
MnSO4 18.8 21.0 19.9 18.0 22.4 20.2
Control 15.7 19.2 17.4 14.4 16.5 15.5
Mean 18.7 21.0 17.0 19.5

L.S.D at 0.05 for: Micronutrient (M)=             N.S 3.09
Compost (C)        = N.S N.S
(M)×(C) = N.S N.S

Season 2011/12
ZnSO4 19.3 20.3 19.8 15.7 18.7 17.2
MnSO4 19.2 21.1 20.1 14.8 18.9 16.9
Control 14.7 18.2 16.5 13.5 15.5 14.5
Mean 17.7 19.9 14.68 17.68

L.S.D at 0.05 for: Micronutrient M)= 2.54 N.S
Compost (C) = 2.07 2.11
(M)×(C) = N.S N.S

Effect of micronutrients and compost on seed protein content:
Results in Table (9) show that in the two seasons, single application of ZnSO4 or

MnSO4 significantly increased seed protein content compared to untreated control.
However, ZnSO4 was more effective than MnSO4. Moreover, the increase was much
higher in the presence of compost (except ZnSO4 treatment in the first season).
Mixed application of compost and ZnSO4 or MnSO4 was more effective than
compost alone.

Table 9. Effect of seed treatment with micronutrients either alone or mixed
with compost soil amendment on seed protein content of chickpea
plants grown under field conditions in season 2010/11 and 2011/12

Treatment
Protein (%)

Season 2010/11 Season 2011/12
(-) Compost (+) Compost Mean (-) Compost (+) Compost Mean

ZnSO4 22.5 22.0 22.2 20.1 21.2 20.7
MnSO4 20.9 22.2 21.6 20.0 22.3 21.2
Control 19.5 21.2 20.3 18.7 19.3 19.0
Mean 20.96 21.83 19.61 20.96

L.S.D at 0.05 for:  Micronutrient (M)= 0.78 1.60
Compost (C)        = 0.64 1.31
(M)×(C) = 1.10 N.S
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Results in Table (10) show a significant (P≤0.05) or highly significant (P≤0.01)
negative correlation between chickpea wilt disease and all crop parameters in
concern both seasons. Number of branches was a no Table exception because it was
not correlated with wilt disease incidence in 2011/12 season.

Table 10. Correlation between chickpea wilt incidence and some crop
parameters in seasons 2010/11 and 2011/12

Crop parameter
(2010/11)

first season
(r)a

(2011/12)
second season

(r)
Number of nodules/plant -0.764** -0.818**
Dry weight of nodules (mg) -0.826** -0.774**
Number of pods/plant -0.658** -0.787**
Weight of 100 seed -0.594** -0.621**
Number of branches/plant -0.516* -0.380
Weight of seed yield/plant -0.748** -0.629**
Seed protein content -0.728** -0.541**

a= Correlation coefficient
** = Significant at p≤0.01
* = significant at P≤0.05

D i s c u s s i o n

Among 21 isolates of bacteria, taken from compost extract, only five isolates,
affiliated to the genus Bacillus, decreased the in vitro linear growth of Fusarium
oxysporum f.sp. ciceris on PDA medium. This decrease may be due to the
production of antifungal materials secreted by the tested bacteria (Fen et al., 2004).
Furthermore, supplying the medium with manganese or zinc sulphate increased the
inhibitory effects of the tested bacteria. In this regard, Hameeda et al. (2006) tested
different isolates of Bacillus, taken from composts, against F. oxysporum, F. solani
and Macrophomina phaseolina. They found that PDA medium amended with zinc
sulphate greatly improved antifungal activity of the tested bacteria. Obtained results
are in harmony with those reported by Kavroulakis et al. (2010) and Pane et al.
(2012) who found that some of isolated bacteria from composts showed antagonistic
potential against F. oxysporum f.sp. lycopersici, F. solani, Phytophthora
cinnamomi, Rhizoctonia solani and Sclerotinia minor.

Obtained results herein show that application of micronutrients as seed treatment
and compost as soil amendment, alone or in combination, effectively provided
a good protection against Fusarium wilt disease of chickpea under greenhouse and
field conditions. Moreover, mixed application recorded maximum decrease in
disease incidence.

The suppressive effect of compost is due to combination of biotic and abiotic
factors. The biotic factor including the inhabiting microbes (bioagents) is might be
partly responsible for the efficacy of compost in decreasing soil borne diseases
(Naware, 2008). The abiotic factor is probably related to fungistatic compounds
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occurring in the compost (Carlile and Coules, 2009). Moreover, application of
micronutrients led to increase the plant resistance to diseases through utilization of
these elements in increasing synthesis of phenolic and ligneous compounds. These
compounds may serve as chemical barriers in plants against pathogen invasion (Hill
et al., 1999). Also, zinc sulphate has been reported to increase the activity of
bioagents and depresses the production of toxin by the pathogen (Duffy and Defego,
1997). This may explain the high decrease in disease incidence in mixed treatments.

The present results are similar to those reported by Dasgupta et al. (2000) who
found that seeds treated with zinc or manganese sulphate before sowing in soil
amended with compost effectively decreased collar rot disease of groundnut caused
by Aspergillus niger. Recently, several investigators used many types of composts to
control Fusarium wilt disease on different plant species (Omer and Mohamed, 2012;
Singh et al., 2012 and Xiao et al., 2012). They indicated that the tested composts
significantly reduced wilt disease incidence compared to untreated control.
Moreover, Ahmed (2007) and Adhilakshmi et al. (2008) found that application of
manganese or zinc sulphate effectively reduced Fusarium wilt disease on tomato and
alfalfa plants, respectively.

Salicylic acid is one of numerous phenolic compounds found in plants, which
have been reported as a constitutive defence compound (Klessing and Malamy,
1994). HPLC analysis revealed that time-course of salicylic acid showed marked
increase in salicylic acid content in chickpea plants as a result of application of
compost or micronutrients. However, mixed application resulted in marvellous
increase in salicylic acid content 10 days after sowing. This increase reached up to
4 and 7 folds than untreated-unamended control, in combined treatment of zinc
sulphate with compost and manganese sulphate with compost, respectively.

The increase in salicylic acid content may be due to the presence of
microorganisms inhabiting compost, which have been previously reported to
increase salicylic acid content in plants against pathogen invasion (Zhang et al.,
2002 and Singh et al., 2003). Also, applications of micronutrients, especially zinc
and manganese, increased synthesis of phenolic compounds (Hill et al., 1999 and
Ahmed, 2007).

Increased salicylic acid in plant may inhibit activity of catalase and ascorbic
peroxidase, which then leads to increased levels of H2O2. The elevated H2O2 levels
activate PR gene expression and increased the rate of polymerization of phenolic
compounds into lignin like substances and making the plants more resistant to
pathogen attack (Zhang et al., 2002). So, the rapid accumulation of salicylic acid
will restrict pathogen invasion. Obtained results were in agreement with those
reported by Erhart et al. (1999) and Wang and Millner (2009). They indicated that
application of composts to control soil borne diseases was associated with
pronounced increase in flavonoids and different phenolic acids. Also, Kalim et al.
(2003) and Ahmed (2007) found marked increase in total phenols and O-dihydroxy
phenol contents in plants pre-treated with manganese or zinc sulphate and sown in
soil infested with Rhizoctonia solani, Sclerotium rolfesii and F. oxysporum and
correlated it with resistance to pathogens infection.
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Microbial activity has been reported to be a key factor in suppression of
Fusarium wilt disease (Serra-Wittling et al., 1996). In the present investigation,
obtained results revealed that seed treated with micronutrients before sowing
increased microbial activity as expressed by greater dehydrogenase in the
rhizosphere of chickpea roots compared to untreated control. However, combined
application of micronutrients and compost resulted in additional increase in
microbial activity.

The previous work of Lumsdan et al. (1986) attributed suppression of soil borne
diseases to the enhanced soil microbial activity that resulting from compost
amendment. Diversity in the organic materials in the compost promotes higher
microbial activity and population in the soil, actively taking up nutrients creating
a nutrients sink, which eventually increased disease suppressiveness (Escuadra and
Amemiya, 2008). In addition, the presence of micronutrients in the rhizosphere
increases the activity of microorganisms (Duffy and Defego, 1997 and Hameeda
et al., 2006). Recently, several researchers used many types of composts to control
Fusarium wilt disease on different plant species (Yogev et al., 2011; Salem et al.;
2012 and Xiao et al., 2012). They found that disease suppressiveness was positively
correlated with microbial activity.

Under field conditions, application of micronutrients and compost also increased
crop parameters over the two tested seasons. Mixed application of micronutrients
and compost recorded maximum increase in number and dry weight of nodules per
plant compared with individual application. These increments might be due to the
production of phytohormones by microorganisms inhabiting compost. These
phytohormones are implicated in nodule formation (Hirsch et al., 1997), as they
stimulate root growth, providing further sites for infection and nodulation (Cameco
et al., 2001 and Zhang et al., 2004).

Obtained results are confirmed by the observation recorded by Singh et al.
(2008) and Singh et al. (2012) who found a great increase in number and dry weight
of nodules of chickpea and cowpea plants as a result of application of compost to
control some soil borne diseases. Meanwhile, Kalbhor et al. (1988) and Kostin et al.
(2004) indicated that application of manganese or zinc sulphate increased number
and dry weight of nodules of chickpea and pea plants.

Also, other crop parameters, i.e. number of branches, number of pods, weight of
100 seed as well as seed yield per plant, markedly increased as a result of
application of compost and micronutrients in two successive seasons. These
increments are not only attributed to the decrease in disease incidence but also due
to the positive effects of micronutrients and compost. The increase in crop
parameters of groundnut and chickpea plants as a result of application of compost
was previously reported by many researchers (Rao and Shaktawar, 2002; Abdel-
Wahab et al., 2006 and Pandey et al., 2011). They attributed such increases with the
additions of organic manures, which supply the nutrients to the plants through
mineralization and improvement in physico-chemical properties of the soil.
Whereas, Kostin et al. (2004) and Bondruzzaman et al. (2005) reported that seed
treatment with manganese or zinc sulphate pre-sowing, increased seed yield of rice
and wheat relative to untreated control.
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Chemical analysis of chickpea seed revealed that appreciable increase in seed
protein content as a result of application of compost and micronutrients in the two
tested seasons. Obtained results are in harmony with those reported earlier by Abdel-
Wahab et al. (2006) and Singh et al. (2008) who indicated that soil amended with
compost before sowing increased seed protein content of groundnut and chickpea
plants. Moreover, Mohamed et al. (2003) and Abd-El-Rahman and El-Khatib (2010)
observed an increase in seed protein content of soybean and guar as a result of
application of micronutrients.

Strong negative correlation was found between wilt disease incidence and most
crop parameters in the two tested seasons. These results indicated the positive effects
of micronutrients and compost on chickpea productivity. Therefore, seed treatment
with micronutrients along with soil amendment with compost can be recommended
to control Fusarium wilt disease as they are safe and eco-friendly.

R e f e r e n c e s

Abdel-Fattah, G.M. and Al-Amri, S.M. 2012. Induced systemic resistance in tomato
plants against Fusarium oxysporum f.sp. lycopersici by different kinds of
compost. African J. Biotechnol., 11(61): 12454-12463.

Abd-El-Rahman, Saieda S. and El-Khatib, Elham I. 2010. Controlling guar root-rot
disease through the application of mineral and Biofertilization and their effect on
plant growth and its components. Egypt. J. Appl. Sci., 25(28): 76-99.

Abdel-Wahab, A.F.; Makhemer, G.A.A.; Shehata, H.S. and Hanafi, A.A. 2006.
Effect of plant growth bioprotecting and promoting rhizobacteria and compost
on the healthy and productivity of peanut crop in sandy soil. Minufiya J. Agric
Res., 31(5): 1323-1348.

Adhilakshmi, M.; Karthikeyan, M. and Alico, D. 2008. Effect of combination of
bioagents and mineral nutrients for the management of alfalfa wilt pathogen
Fusarium oxysporum f.sp. medicaginis. Archives Phytopathol. Plant Production,
41(7): 514-525.

Ahmed, Saffa M.Y. 2007. Management of soil borne fungi with macro-and
microelements. Ph.D. Thesis. Fac. Agric., Mansoura Univ., Egypt, 128pp.

Badawi, F.S.F.; Shehata, H.S.; Mekhemar, G.A.A. and Mazen, M.M. 2007.
Biological control of chickpea wilt disease caused by Fusarium oxysporum f.sp.
ciceris by using some rhizobacteria. Egypt. J. Microbiol., 16(1): 98-117.

Bondruzzaman, M.; Lauren, J.G.; Duxbury, J.M.; Sadat, M.A.; Welch, R.M.E.;
Elahi, N. and Meisner, C.A. 2005. Increasing wheat and rice-productivity in the
sub-tropical using micronutrient enriched seeds. Proc. of 2004-2005 September
8-11. International workshop held in Kathmandu, Nepal.

Cameco, M.; Santamaria, S.; Temprano, F.; Rodrguez, D.N. and Daza, A. 2001. Co-
inoculation with Bacillus sp. CECT 450 improves nodulation in Phaseolus
vulgaris L. Can. J. Microbiol., 47: 1058-1062.



SAIEDA S. ABD-EL-RAHMAN et al.

Egypt. J. Phytopathol., Vol. 42, No. 1 (2014)

174

Carlile, W.R. and Coules, A. 2009. Recent advances in soil borne disease control
using suppressive media. Acta Hort., 819:125-134.

Chapman, H.D. and Pratt, P.F. 1961. Methods of Analysis for soil, Plant and Water.
Univ. California, Div. Agric. Sci., CA, USA.

Das, D.K. 2007. Micronutrients: Their Behaviour in Soils and Plants. New Delhi,
India. 375pp.

Dasgupta, S.; Rag, S.K. and Das, S. 2000. Control of collar rot disease of groundnut
caused by Aspergillus niger by seed soaking with non-conventional chemicals.
Indian Phytopathol., 53(2): 227-229.

Dick, W.A. and Tabatabai, M.A. 1993. Significance and potential uses of soil
enzymes. Pages: 95-127. In: Soil Microbial Ecology Application in Agricultural
and Environmental Management. Blain, F.J. (ed.). Marcel Dekker. NY, USA.

Duffy, B.K. and Defego, G. 1997. Zinc improve biocontrol of Fusarium crown and
root rot of tomato by Pseudomonas fluorescens and depresses the production of
pathogen metabolic inhibitory to bacterial biosynthesis. Phytopathology,
87: 1250-1257.

Erhart, E.; Burian, K.; Harti, W. and Stick, K. 1999. Suppression of
Pythium ultimum by biowaste composts in relation to compost microbial
biomass, activity and content of phenolic compounds. J. Phytopathologisch
Zeitschrift, 147: 299-305. (Cited from CAB abstracts).

Escuadra, G.M.E. and Amemiya, Y. 2008. Suppression of Fusarium wilt of spinach
with compost amendments. J. General Plant Pathol., 74(4): 267-274.

Fen, G.; Liping, M.; Xiongwu, Q.; and BianQing, H. 2004. Preliminary purification
and characterization of antifungal substance produced by Bacillus cereus strain,
BC 98 –1. Acta Phytophylacica Sinica, 31(4): 365-370.

Gertz, C. 1990. HPLC Tips and Tricks. Great Britain, Idden Press. Oxford, PP.608.

Gomez, K.A. and Gomez, A.A. 1984. Statistical Procedures for Agricultural
Research. 2nd Ed. John Wiley and Sons Ltd., NY, USA. 680pp.

Hameeda, B.; Rupela, O.P. and Reddy, G. 2006. Antagonistic activity of bacteria
inhabiting composts against soil borne plant pathogenic fungi. Indian J.
Microbiol., 46(4): 389-396.

Hill, W.J.; Heckman, J.R.; Clarke, B.B. and Murphy, J.A. 1999. Take-all patch
suppression in creeping bent grass with manganese and cooper. Hort. Sci.,
34(5): 891-892.

Hirsch, A.M.; Fang, Y.; Asad, S. and Kapulnik, Y. 1997. The role of
phytohoromons in plant-microbe symbioses. Plant and Soil, 194: 171-184.

Kalbhor, H.B.; Rasal, P.H. and Patil, P.L. 1988. Effects of Zn and Mn on nodulation
and yield of gram. J. Maharashtra Agric. Univ., 13(2): 213-214.

Kalim, S.; Luthra, Y.P. and Gandhi, S.K. 2003. Cowpea root rot severity and
metabolic changes in relation to manganese application. J. Phytopathol.,
151: 92-97.



INTEGRATED SUPPRESSIVE EFFECT(S) OF…

Egypt. J. Phytopathol., Vol. 42, No. 1 (2014)

175

Kavroulakis, N.; Ntougias, S.; Besi, M.I.; Kastou, D.A.; Ehaliotis, C.; Zervakis, G.I.
and Papado, K.K. 2010. Antagonistic bacteria of composted agro-industrial
residue exhibit antibiosis against soil borne fungal plant pathogens and
protection of tomato plants from Fusarium oxysporum f.sp. radicis lycopersici.
Plant and Soil, 333(1/2): 233-247.

Klessing, D.F. and Malamy. J. 1994. The salicylic acid signal in plant. Plant Mol.
Biol. 26: 1439-1458.

Kostin, V.; Isaichev, V. and Andreev, N. 2004. Symbiotic activity of Peas
depending on pre-sowing treatment of seeds with various preparations.
Mezhdunarodnyi-Sel, Skokhozyaistvennyi-Zhurnal, 5: 48-50. (Cited from CAB
Abstracts).

Lumsdan, R.D.; Millner, P.D and Lewis, J.A. 1986. Suppression of lettuce drop
caused by Sclerotinia minor with compost sewage sludge. Plant Dis.,
70:197-201.

Mohamed, A. A.; Gendy, E.N.; Ibrahim, A.E.M. and Sadek, M.I. 2003. The effect of
sulphur and foliar manganese application on soybean (Glycine max L.) yield and
its main component. Egypt. J. Soil Sci., 43(4): 611-620.

Naware, L.S. 2008. Control of root-rot of green been with composted rice straw
fortified with Trichoderma harzianum. American-Eurasian J. Agric. Environ.
Sci., 3(3): 370-379.

Omer, A.M. and Mohamed, M.A. 2012. Effect of olive pomace phenols on the soil
fungi and alfalfa yield. Res. J. Agric. Biol. Sci., 8(1): 55-62.

Pande, S.; Stevenson, P.; Navayana Rao, J.N.; Epean, R.N.; Grzymacz, V.A. and
Krishnal–Kishore, G. 2005. Reviving chickpea production in Nepal through
integrated crop management, with emphasis on Botrytis grey mould. Plant Dis.,
89: 1252-1261.

Pandey, P.; Kumar, R. and Mishra, P. 2011. Integrated approach for management of
Sclerotinia sclerotiorum (Lib.) de Bary, causing stem rot of chickpea. Indian
Phytopathol., 64(1): 37-40.

Pane, C.; Vellecco, D.; Campanile, F. and Zaccardelli, M. 2012. Novel strains of
Bacillus, isolated from compost and compost-amended soils, as biological
control agents against soil borne phytopathogenic fungi. Biocontrol Sci.
Technol., 22(12): 1373-1388.

Rao, S.S. and Shaktawar, M.S. 2002. Effect of organic manure, phosphorus and
gypsum on groundnut (Arachis hypogaea) production under rainfed condition.
Indian J. Agronomy, 47(2): 234-241.

Salem, W.M.; Sayed, W.F.; Abdel-Fatah, H. and Neamat, H.H. 2012. Assessment of
compost for suppression of Fusarium oxysporum and improving Zea mays and
Hibiscus sabdarriffa resistance to wilt diseases. African J. Biotechnol.,
11(69): 13403-13414.

Sarwar, N.; Ch, M.H. and Hoq, I. 2010. Seed treatments induced systemic resistance
in chickpea against Fusarium wilt in wilt sick field. Pak. J. Bot.,
42(5): 3323-3326.



SAIEDA S. ABD-EL-RAHMAN et al.

Egypt. J. Phytopathol., Vol. 42, No. 1 (2014)

176

Serra-Wittling, C.; Houot, S. and Alabouvette, A. 1996. Increased soil
suppressiveness to Fusarium wilt of flax after addition of municipal solid waste
compost. Soil Biol. and Biochem., 28: 1207-1214.

Singh, U.P.; Sarma, B.K. and Singh, D.P. 2003. The effect of plant growth-
promoting rhizobacteria and culture filtrate of Sclerotium rolfsii on phenolic and
salicylic acid content in chickpea. Current Microbiol., 46:131-140.

Singh, D.; Ram, H.; Singh, A.K.; Manurya, B.R. and Prasad, J. 2008. Influence of
different nutrient sources on nodulation, growth and yield of chickpea. Indian J.
Fertilisers, 2(4): 59-69.

Singh, V.; Nawar, R. and Lodha, S. 2012. Combined effects of biocontrol agents and
soil amendments on soil microbial populations, plant growth and incidence of
charcoal rot of cowpea and wilt of cumin. Phytopathol. Medit., 51(2): 307-316.

Suarez-Estrerella, F.; Bustamante, M.A.; Moral, R.; Vargas-Garcia, M.C.; Lopez,
M.J. and Moreno, J. 2012. In Vitro control of Fusarium wilt using agroindustrial
subproduct – based composts. J. Plant Pathol., 94(1): 59-75.

Vos, P.D.; Garrity, G.M.; Jones, D.; Krieg, N.R.; Ludwig, W.; Rainey, F.A.;
Schleifer, K. and Whitman, W.B. 2009. Bergey's Manual of Systematic
Bacteriology. Springer Dordrecht Heidelberg. London, New York. 1422 pp.

Wang, S.Y. and Millner, P. 2009. Effect of different cultural systems on antioxidant
capacity, phenolic content, and fruit quality of strawberries. J. Agric. Food
Chemistry, 57(20): 9651-9657.

Xiao, H.; Dezhi, S.; Faqian, S.; Hao Hao, L.; JingJing, L., and Weixiang, W. 2012.
Efficacy of sludge and manure compost amendments against Fusarium wilt of
cucumber. Environ. Sci. Pollution Res., 19(9): 3895-3905.

Yogev, A.; Laor, Y.; Katan, J.; Hodar, Y.; Cohen, R.; Median, S. and Raviv, M.
2011. Does organic farming increased soil suppression against Fusarium wilt of
melon? Organic Agric., 1(4): 203-216.

Zhang, S.; Laure, A.; Reddy, M.S. and Kloepper, J.W. 2002. The role of salicylic
acid in induced systemic resistance elicited by plant growth promoting-
rhizobacteria against blue mould of tobacco. Biological Control, 25: 288-296.

Zhang, S.; Reedy, M.S. and Kloepper, J.W. 2004. Tobacco growth enhancement and
blue mold disease protection by rhizobacteria: Relationship between plant
growth promotion and systemic disease protection by PGPR strain 90-166. Plant
and Soil, 262: 277-288.

(Received 10/04/2014;
in revised form 15/05/2014)



INTEGRATED SUPPRESSIVE EFFECT(S) OF…

Egypt. J. Phytopathol., Vol. 42, No. 1 (2014)

177

التأثیر المثبط المشترك للعناصر الصغرى 
والكمبوست ضد مرض ذبول الفیوزاریوم 

ي الحمص وعلاقتھ بالنشاط المیكروبيف
، محمد محمود مازن ، سیدة صالح عبد الرحمن 

أمل عبد الوھاب خلیل
.معھد بحوث أمراض النبات ، مركز البحوث الزراعیة ، الجیزة

ستخدمت كل من كبریتات الزنك وكبریتات المنجنیز كمعاملة للبذرة وكذلك ا
ھما ضد مرض الذبول الفیوزاریومي في الكمبوست كمعاملة للتربة لدراسة تأثیر

تحت ظروف المعمل ومن . الحمص المتسبب عن الفطر فیوزاریوم اوكسسبوریوم
عزلات بكتیریة ٥عزلة بكتریا معزولة من مستخلص الكمبوست وجدت ٢١بین 

لھا القدرة على تثبیط النمو المیسلیومي للفطر، كما لوحظ (Bacillus)تابعة للجنس 
ن كبریتات الزنك أو المنجنیز إلي البیئة النامي علیھا الفطر یزید من أن إضافة كل م

.كفاءة البكتریا في تثبیط النمو الفطري

أدت معاملة البذور بكبریتات المنجنیز أو الزنك مفردة أو مصحوبة بمعاملة 
مقارنة بالكنترول غیر (خفض نسبة الإصابة بالمرض ىالتربة بالكمبوست إل

حت ظروف الصوبة أو تحت ظروف الحقل خلال موسمي سواء ت) معاملال
، وحققت المعاملات المشتركة للعناصر الصغرى ٢٠١١/٢٠١٢و ٢٠١٠/٢٠١١

نخفاض في نسبة الإصابة مقارنة بالمعاملة بالعناصر منفردة أو اوالكمبوست أقصى
.الكنترول

ور تراكم سریع لحامض السلیسلك في جذلىن المعاملات السابقة أدت إأوجد 
وحققت المعاملات المشتركة من معاملالغیر نباتات الحمص مقارنة بالكنترول 

.ادة في حامض السلیسلیكالعناصر الصغرى والكمبوست أقصى زی

في )مقدراً كإنزیم الدیھیدروجینیز(كان ھناك زیادة ملحوظة للنشاط المیكروبي 
ت وحققت منطقة الریزوسفیر نتیجة استخدام العناصر الصغرى والكمبوس

أظھر التحلیل الإحصائي وجود علاقة . المعاملات المشتركة أعلى نشاط میكروبي
رتباط سالبة بین نسبة حدوث الإصابة بالمرض والنشاط المیكروبي خلال ا

زیادة في القیاسات المحصولیة لنباتات ىكما أدت المعاملات السابقة إل–الموسمین 
البذور من البروتین مقارنة بالكنترول الحمص، والعقد البكتیریة وكذلك محتوى

. معاملالغیر 


