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Effect of the combination 
of biological, chemical control 
and agronomic technique 
in integrated management pea 
root rot and its productivity
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Root rot of pea caused by Fusarium spp. is one of the important diseases of pea (Pisum sativum L.). 
The causal fungus of the disease isolated from naturally infected pea plants was identified as Fusarium 
solani f. sp. pisi (Jones). Evaluation of four bio agents and nine fungicides was done in vitro against 
Fusarium solani. Trichoderma harzianum was the most effective bio agent in inhibiting the mycelial 
growth of F. solani by (82.62%). Carbendazim 50 WP was the most effective fungicide in inhibiting 
the mycelial growth of F. solani by (91.06%). Carbendazim at the rate of 0.1% and T. harzianum at 
concentration of 109 cfu when used as seed treatment under field conditions were evaluated along 
with three planting techniques v.i.z, raised beds, ridges and flat beds. It was found that Carbendazim 
at the rate of 0.1% when given as seed treatment in raised beds exhibited the lowest disease incidence 
(10.97%), intensity (2.89%) and the maximum pod yield (89.63 q ha−1) as compared to control.

Garden pea (Pisum sativum L.) is an important cool season annual legume crop whose origin can be traced back 
to the Middle East. The crop is rich source of vitamins and minerals like Ca and Mg. It also has a high quantity 
of fiber that improves bowel health. Pea also contains Vitamin B complex (Niacin) that helps in the reduction of 
triglycerides, thereby resulting in less cholesterol. Further different compounds present in pea like coumestrol, 
pisum saponins I & II and phenolic acids help in the prevention of stomach cancer. India is the largest producer 
of pea in the world with a production & productivity of 48.11 lakh tones and 9.0 t ha−1 respectively1. In India, 
Uttar Pradesh stands at the no. 1 in production of pea. Despite its high nutritional value and remarkable pro-
duction, the yield of the crop gets drastically constrained due to certain diseases like root rot, powdery mildew, 
fusarium wilt etc.

Root rot of pea caused by Fusarium solani is often considered a major constraint in pea production 
worldwide2. It causes severe damage at all stages of crop growth and upto 97 per cent yield losses were reported 
by El-Saadony et al.3. In India, root rot of pea was first reported by Sukapura et al.4 from Pune. The disease has 
also been reported from Kashmir valley with an incidence ranging from 14.8 to 64.7 per cent5. Reddish brown 
streaks of the roots near the cotyledon attachment point is among the first signs of fusarium root rot. As the 
streaks coalesce, they form a black lesion that encircles the roots and epicotyls. The roots of infected plants 
become dark and weak as the root rot progresses, and they commonly disintegrate when they are removed from 
the soil. Infected populations in a crop may appear healthy for a short time before unexpectedly collapsing, 
especially if hot, dry weather comes during pod filling, when pea plants are especially vulnerable to moisture 
stress6. Above ground symptoms of plant infected by Fusarium solani f. sp. pisi can be characterized by yellowing 
of leaves, starting at the base of the plant which later on progresses to the top of the plant7. Wilting or death of 
infected plants is not seen, but the growth of the infected plant can be drastically stunted.
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Root rot of pea is a serious threat to profitable cultivation of pea, efforts have been made worldwide to man-
age the disease through chemicals8, bio agents9 and cultural interventions10. Available literature, however, does 
not reveal any work conducted on the effect of the above-mentioned management practices in combination. 
Therefore, looking into the importance of the crop and the disease, the present investigation was taken up to 
develop a suitable and sustainable strategy to control this disease and reduce the yield losses through an inte-
grated approach.

Materials and methods
Raw material.  The raw material was procured from the registered centers of Faculty of Agriculture Wadura, 
SKUAST-K, India & all the methods used in this work are in compliance with institutional guidelines. All chemi-
cals used for analysis were obtained from Sigma Aldrich.

Symptomatology.  Symptomatology was carried out on pea plants showing typical symptoms of root rot 
(Thoroughly identified by Division of Plant Pathology SKUAST-K). The diseased plants showing above ground 
symptoms in the field during the course of survey were bought to the laboratory. The roots were washed using 
tap water before making observations for root rot symptoms. Symptomatic plants were maintained under natu-
ral conditions in field to record periodic symptom development vis-à-vis root colour, tissue disintegration and 
its effect on aerial parts.

Isolation of pathogen.  The tissue bit transfer approach was used to isolate the causative agent11. With a 
sharp sterilised blade, the symptomatic diseased roots were sliced into little bits (2–3 mm) such that each sick bit 
contained a portion of healthy tissue. These parts were surface sterilised for 30 s with a 0.1% mercuric chloride 
solution, then rinsed three times with distilled sterilised water to eliminate any remaining mercuric chloride 
solution. The bits were blotter dried before being aseptically transferred to Potato Dextrose Agar (PDA) media 
in sterile Petri-plates and incubated at 25 ± 1 °C and examined periodically the color of mycelium or colony.

Purification of pathogen.  To achieve axenic culture of the pathogen, the single spore or hyphal tip 
approach described by Xing et al.12 was used. Fungal growth observed on diseased tissue bits was aseptically 
transferred to Petri plates containing PDA and incubated at 25 ± 1 °C for 7 days. The sub cultured plates were 
then observed for sporulation. Dilute spore suspension in sterile distilled water, prepared out of a sporulating 
colony was poured on Petri plates containing water agar and incubated for 1 day at 25 ± 1 °C. These water agar 
plates were then observed in inverted position under microscope and the isolated germinated spores were trans-
ferred to fresh plates containing PDA and incubated at 25 ± 1 °C. Pure obtained cultures were stored at 5 °C for 
further use. Identification of the isolated fungi was carried out according to their cultural, morphological and 
microscopic characteristics as described by Barnett and Hunter13.

Identification of pathogen.  The pathogenic isolate on pea plants was identified on the basis of morpho-
logical characters of somatic and reproductive structures and compared with the monograph on Fusarium spp 
by Aksoy et al.14.

Pathogenicity test.  El-Dawy et al.15 technique was used to perform the pathogenicity test. One-third por-
tion of root system of 10–13 days old seedlings was clipped off from distal end and dipped for 5 min in conidial 
suspension prepared from the spores of purified fungal culture isolated from root rot affected pea plants. The 
inoculated plants were transplanted back in sterile soil containing pots. Clipped plants were dipped in sterile 
distilled water for the same period of time in case of control. Observations on development of typical symptoms 
on the inoculated plants were made seven days after inoculation.

In vitro evaluation of bio‑agents.  Bio-agents i.e. Trichoderma harzianum, T. viride, Bacillus subtillus and 
Pseudomonas fluorescens were procured from bio-fertilizer lab of FoA Wadura SKUAST-K. The bio-agents were 
then cultured on PDA and allowed to grow at 25 ± 2 °C for ten days and preserved in refrigerator for in vitro and 
in vivo studies. The bio-control agents were then evaluated against Fusarium spp. through dual culture method16. 
Culture discs (5 mm) of each fungal antagonist and the pathogen were taken from the margin of the actively 
growing cultures and transferred to PDA medium in 90 mm petri plates on opposite side, approximately at 
10 mm from the wall of the plate while bacterial bio agents were streaked on the opposite side of the pathogen. A 
check having the pathogen only was maintained under similar conditions for comparison. The petri plates were 
subsequently incubated at 25 ± 10 °C till mycelial inhibition was observed. Colony diameter of the fungus in the 
dual culture as well as of the test fungus was recorded. Per cent growth inhibition of the pathogen over control 
was calculated according to the formula given by Kipkoech et al.17 as:

where I = % Inhibition; C = Colony diameter in control T = Colony diameter in treatment.

In vitro evaluation of fungicides.  Nine fungicides viz., Carbendazim 50WP, Captan 50WP, Hexacona-
zole 5EC, Difenconazole 25EC, Tebuconazole 75WG, Kresoxim methyl 44.3SC, Pyraclostrobin 60WG, Manco-
zeb 75WP and Metalaxyl 72WP were evaluated against the pathogen by poisoned food technique18. Potato Dex-
trose Agar Medium (PDA) was prepared and sterilized at 121 °C for 20 min. Simultaneously, several fungicide 

(1)I =
C− T

C
× 100
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concentrations were prepared in sterilized distilled water. Before pouring in Petri plates, appropriate volumes of 
fungicide solution were added separately to equal quantities of PDA medium in an aseptic manner. After that, 
the plates were injected with a 7-day-old test pathogen. In addition, a control was kept in which only ordinary 
sterilized water was added to the PDA medium. Each treatment was repeated three times, and inoculation plates 
were incubated in a Bio-Oxygen Demand (BOD) incubator at 25 ± 1 °C. Using the formula above, the percentage 
in inhibition of mycelial growth at different test concentrations in comparison with control treatment.

Management of the disease in field.  In vivo experiment was conducted during Rabi season (October- 
November) at Faculty of Agriculture, SKUAST-K, Wadura. The experiment was laid in Randomized Complete 
Block Design with two factors viz., seed treatment and planting methods. The fungicide (Carbendazim) and 
bio agent (Trichoderma harzianum) that proved most effective in  vitro were used as seed treatments under 
field conditions against root rot of pea. Field was equally divided into raised beds, ridges and flat beds with a 
plot size of 2.1 m × 2.1 m with each plot having 50 plants was maintained and replicated thrice. The pea seeds 
of variety Arkel were treated with carbendazim or T.harzianum before sowing. In case of seed treatment with 
carbendazim, the seeds were slightly moistened with sterile water and carbendazim at the rate of 1 g kg−1 seeds 
was added in a round bottomed plastic vessel. The vessel was shacked vigorously till a thin film of fungicide was 
layered on all seeds. The seeds thus treated were dried in shade before sowing. In case of seed treatment with T. 
harzianum, a spore suspension of the bioagent was prepared and diluted to 109 cfu (50 ml kg−1). The seeds were 
immersed in the suspension for 30 min and later dried in shade. In case of control plots, seeds were treated with 
sterile water only.

Results and discussions
Symptoms.  Detailed symptomatology vis-à-vis underground and above ground sufferings of affected pea 
plants were recorded and the observations are described as under:

Roots.  Roots affected with root rot showed reddish brown lesions as initial symptoms near the soil line and 
below it. As the disease progressed, these lesions became dark brown to black, colleased together and spread 
continuously throughout the roots (Fig. 1a). Lateral roots were reduced with distorted root hairs. Diseased roots 
were sloughed and macerated. When the roots showing initial symptoms were cut longitudinally, no vascular 
discoloration was observed. However, in advanced phase of disease, when there was extensive tissue disintegra-
tion, the discoloration had advanced to the interior of the roots as well. Similar inferences were drawn by Porter 
et al.19.

Above ground symptoms.  Root rot affected plants showed yellowing of the lower leaves which later progressed 
towards the top (Fig. 1b). As the disease became more aggressive, the lower leaves appeared wilted (Fig. 1c). Root 
rot affected plants also showed epinasty (Fig. 1d).

Isolation of pathogen.  In the present investigation, F. solani was isolated from the black-brown, decay-
ing infected roots of pea. The fungus produced scanty aerial mycelium having puff pink cottony growth with 
30–36 mm diameter in 3 days (Fig. 2).

Identification of pathogen.  The morphological characteristics of the fungus on PDA medium is given in 
Table 1, Fig. 3. The study revealed that the mycelium was septate and branched and the colonies appeared white 
to creamy. Macro conidia were 4–5 septate, fusiform and curved measuring 32–41 × 5–7 µm. Micro conidia were 
abundantly present, oval to ellipsoid in shape measuring 12–17.5 × 2.5–4.5 µm. On the basis of morphological 
and colony characters and the monograph by Aksoy et al.14, the fungus was identified as Fusarium solani (Jones). 
Similar morphological characters were reported by Kumari et al.20.

In vitro evaluation of bio agents.  It is evident from the data obtained that all the bio agents proved 
antagonistic against Fusarium solani (Table 2, Fig. 4). Minimum colony diameter of pathogen (14.25 mm) was 
recorded in dual culture with Trichoderma harzianum as compared to control, where a colony diameter of 
82.00 mm was recorded after 7 days. The pathogen showed a colony diameter of 17.75, 23.25 and 28.00 mm in 
dual culture with T. viride, B. subtilis and P. fluorescens, respectively. Thus, T. harzianum was found to be supe-
rior over all treatments with 82.62 per cent growth inhibition followed by T. viride (78.35%), B. subtilis (71.64%) 
and P. fluorescens (65.85%). Similar results were shown by Ahmed et al.21 and Hamid et al.22. The mechanism of 
bio control adopted by bio agents may be lysis, competition, hyper parasitism and possessing some important 
secondary metabolites like viridian, harzianol etc23. Bio control agents are able to survive and consume nutrient 
sources more rapidly by outcompeting the pathogens, thereby declining their population24. Further spp. like 
Trichoderma has been reported to produce iron-binding siderophores that control the Fusarium wilt25.

In vitro evaluation of fungicides.  All the nine fungicides when tested in vitro through poisoned food 
technique were significantly superior over control in inhibiting the mycelial growth of the fungus (Table  3, 
Fig. 5). However, carbendazim 50 WP at the rate of 250 ppm proved most effective with minimum colony diam-
eter (7.33 mm) as compared to check. The pathogen recorded a colony diameter of 10.33, 22.00, 21.33, 22.33, 
22.33, 23.33, 24.66 and 29.00 mm in Petri plates containing captan 50 WP at the rate of 1500 ppm, difenocona-
zole 25 EC at the rate of 250 ppm, metiram + pyraclostrobin 60 WG at the rate of 250 ppm, tebuconazole 75 WG 
at the rate of 250 ppm, kresoxim methyl 44.3 SS at the rate of 250 ppm, mancozeb 75 WP at the rate of 1500 ppm, 
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hexaconazole 5 EC at the rate of 250 ppm and Metalaxyl MZ 72WP at the rate of 250 ppm, respectively. Similar 
inferences were drawn by Sharma and Ratnoo26, Somu et al.27 and Kumar and Mane28. The fungicides can have 
a varied effect on the growth of pathogens. Fungicides can interfere with the membrane system of microbes, 
thereby hindering their growth29. Further, certain fungicides can cause hydrolysis of phospholipids into free 
acids, leading to lysis in fungi30. Carbendazim is well known for its interference with the mycelial growth and 
affecting conidia formation and spore germination by stopping nuclear division31.

Field experiment.  It is evident in Tables 4 and 5, seeds sown in raised beds and treated with carbendazim 
showed the lowest disease incidence (10.97%) and intensity (2.89%) followed by carbendazim treated ridge 
sowing with disease incidence and intensity of 16.29% and 4.89%, respectively. Trichoderma harzianum treated 
seeds and sown in raised beds showed disease incidence (22.14%) and intensity (6.90%) followed by T. harzi-
anum treated seeds sown in ridges showing the disease incidence of 26.33 per cent and intensity (8.00%). Seeds 
sown in flat beds and treated either with carbendazim or T. harzianum showed poor results though significantly 
better from untreated seeds sown in flat beds. Untreated plots recorded the highest disease incidence (65.06%) 
and intensity (33.29%). The reason behind lower disease in raised beds and ridges was the controlled moisture 
levels. The results were in agreement with the results of Singh et al.32 who concluded that the root rot infected pea 
fields exhibited severe disease incidence of 60 per cent. Ketta et al.33 also concluded that the seed treatment with 

Figure 1.   Symptoms of root rot of pea. (a) Blackish to brownish streaks on roots, (b) yellowing of lower leaves, 
(c) wilting and stunting of the lower leaves, (d) epinasty shown by diseased pea plants.
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carbendazim exhibited minimum disease incidence followed by seed treatment with T. harzianum. Habtegebriel 
and Boydom34, reported that sowing on raised beds significantly reduced the incidence of root rot of faba bean 
than sowing on flat beds (cross reference).

As evident in Table 6, the pod yield varied significantly with disease levels which in turn varied with plant-
ing methods and seed treatments. Carbendazim treated seeds in raised beds and ridges supported higher pod 
yield of 89.63 q ha−1 and 81.74 q ha−1, respectively, although, significantly higher than control and flat beds. T. 
harzianum treated seeds in raised beds and ridges recorded pod yield of 73.27 q ha−1 and 71.04 q ha−1, respec-
tively. Flat beds which suffered higher levels of disease had poor yield irrespective of seed treatments. The results 
were in agreement with Pooniya et al.35 who attributed the high yield to the control of disease by using different 
treatments. Du et al.36 also reported higher yields and disease control in plants sown in raised beds, ridges and 
furrows than in flat beds.

Conclusion
Fungicides alone as a disease control option have reduced the disease intensity and incidence to a very great 
extent, but the pathogens are developing resistance against these chemicals. Further, the fungicides can cause 
severe effects like carcinoma in humans if drift hazard happens while spraying. Bio magnification of these 

Figure 2.   Isolation, purification and maintenance of the pathogen.

Table 1.   Morpho-cultural characteristics of isolated pathogen. *Values are means of 15 replications. **values 
in parenthesis are mean values.

Thallus part Shape and physical appearance Colour Size (µm)* Septation

Colony Fast growing and circular Initially dull whitish to creamish, 
later puff pink in growth 80 mm after 7 days of incubation –

Mycellium Hyaline, septate and branched Hyaline Hyphal width 1.5–2.0 Present

Macroconidia Fusiform to curved Brown 32–41 (33.5) × 5–7 (4.0)** 4–5 septate

Microconidia Oval to ellipsoid Brown 12–17 (9.5) × 2.5–4.5 (3.2) Aseptate

Chylamadospores Globuse, single celled Brown 9.0 × 6.60 –
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Figure 3.   Morphological characteristics of the pathogen. (a) Mycelium, (b) micro conidia, (c) macro conidia, 
(d) chlamydospores.

Table 2.   In vitro efficacy of various bio-agents on mycelial growth inhibition of Fusarium solani.  C.D 
(p ≤ 0.05) = 1.48.

S. no. Bio-agent Colony diameter (mm) Mycelial growth of pathogen over check (%)

1 T. harzianum 14.25 82.62

2 T. viride 17.75 78.35

3 B. subtilis 23.25 71.64

4 P. fluorescens 28.00 65.85

5 Control 82.00 –
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chemicals in environment and soil is another threat. So, researchers are exploring other avenues, by which 
diseases can be controlled without having harm on humans, beneficial micro-organisms in soil and also reduc-
ing resistance in pathogens. Biocontrol agents and improved planting technique can be an effective means of 
disease management, owing to their low cost of production and safer approach. A successful merger of cultural, 
prophylactic and protective measures can pave a way for integrated and successful management of diseases. Also 
in nearer future, the chemical fungicides can be completely eliminated and safer approaches can begin a new 
era of plant pathology. As also in our current study, Trichoderma harzianum along with cultural practices have 
reduced disease in pea plants significantly, hence, the disease management module can be prepared by integrat-
ing these two components together successfully.

Figure 4.   In vitro efficacy of bio agents against pathogen mycelial growth. (a) T. harzianum, (b) T. viride, (c) B. 
subtilis, (d) P. fluorescens. 
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Table 3.   In vitro efficacy of fungicides on mycelial growth inhibition of Fusarium solani.  C.D. (p ≤ 0.05) = 2.05.

S. No Fungicide Concentration (ppm) Colony diameter (mm)
Mycelial growth of pathogen over 
check (%)

1 Tebuconazole 75WG 250 22.33 72.76

2 Difenoconazole 25EC 250 22.00 73.17

3 Hexaconazole 5EC 250 24.66 69.92

4 Metalaxyl MZ 72WP 250 29.00 64.63

5 Kresoxim methyl 44.3SS 250 22.33 72.76

6 Carbendazim 50WP 250 7.33 91.06

7 Metiram (55%) + pyraclostrobin(5%) 
60WG 250 21.33 73.98

8 Captan 50WP 1500 10.33 87.40

9 Mancozeb 75WP 1500 23.33 71.54

10 Control – 82.00

Figure 5.   In vitro efficacy of fungicides against pathogen mycelial growth. (a) Captan50WP, (b) Tebuconazole 
25EC, (c) Mancozeb 75WP, (d) Hexaconazole 75EC, (e) Metalaxyl 72WP, (f) Carbendazim 50WP, (g) 
Metiram + pyraclostrobin 60WG, (h) Difenconazole25EC, (i) Kresoximmethyl 44.3 SS.
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