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Abstract: A field experiment was carried out to evaluate the effect of various treatment combinations comprising of seed coating and foliar 
application of micro-nutrients and bio-agents on plant growth, seed yield and yield contributing parameters of pea cultivar Punjab-89 during 
2018-19. It was observed that among different treatments, seed coating with  @ 30 g + PSB @ 30 ml kg seed along with two foliar Rhizobium -1 

sprays of ZnSO + FeSO  @ 0.3 per cent each given at the time of 50 per cent flowering and 15 days after the first spray significantly influenced 4 4

nearly all the parameters resulting in maximum field emergence (92.67 %), plant height (91.03 cm), pods plant (27.07), pod length (9.81 cm), -1 

seeds pod (7.93), 100 seed weight (17.11 g), seed yield (13.98 g plant , 1.2 kg plot and 21.33 q ha ) and maximum B: C ratio (2.00). -1 -1 -1 -1

Therefore, it was concluded from the investigation that seed coating with bio-fertilizers i.e. @ 30 g + PSB @ 30 ml kg seed and two Rhizobium -1 

foliar applications of ZnSO  + FeSO  @ 0.3 per cent each is a good treatment for getting higher yield of quality seed in pea.4 4
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Pea (  L.) comes under one of the most Pisum sativum

important legume vegetable crops. It is native to Europe and 

West Asia, but its wild ancestor, , Pisum humile syn. syriacum

originated in Ethiopia (Candolle 1886) and then it moved to 

the Mediterranean region and rest of the world. As 

leguminous crop, it fixes the biological nitrogen and introduce 

large amount of organic matter which increase and maintain 

the soil fertility. In India, pea is cultivated on an area of 

540,000 hectares with 5422, 000 MT production and average 

productivity of 10 MT per hectare having a share of 21 per 

cent in the world production. In India, 60 per cent of the total 

production comes from Uttar Pradesh state only followed by 

Madhya Pradesh (Anonymous 2018). The edible portion of 

100 g fresh pod has appreciable amount of proteins (7.2%), 

carbohydrates (15.9%), fat (0.1%), carotene (83 g), vitamin C 

(9 mg), thiamine (0.25 mg), and riboflavin (0.01 mg). Peas 

also have essential amino acids and minerals such as 

potassium, phosphorus, calcium, magnesium and iron 

(Choudhary 2017).

Seed coating is a quality enhancement treatment in 

which with the help of a special binder (carboxy methyl 

cellulose, gum arabic, etc), an active ingredient in the form of 

microbial inoculants/ chemical is applied on seed surface. 

Due to precise application of active ingredient, this method 

has been used successfully for seed inoculation in different 

crops (Jetiyanon et al 2008, Oliveira et al 2016, Rouphael et 

al 2017, Accinelli et al 2018 and Rocha et al 2018). CMC 

(Carboxy Methyl Cellulose) is a commonly used binder 

because it is easily available, inexpensive and has a low rate 

of application.  culture increases the nitrogen Rhizobium

fixation (about 40 to 50 kg ha ) by enhancing nodulation. It -1

has been seen that culture increases the crop Rhizobium 

yield up to 10 to 15 per cent (Anonymous 2008). Phosphate 

solubilizing bacteria dissolve the insoluble and unavailable 

forms of different phosphates (tricalcium, iron, and aluminum 

phosphates) making them available to plants. Bio-fertilizers 

result in the production of anti-metabolites and hormones 

which promote the root growth. Application of bio-fertilizers to 

seed or soil increases the nutrient availability and enhance 

yield to the tune of 10 to 25 per cent without negatively 

affecting the soil or the environment (Anonymous 2019). 

Hilman (1967) reported that iron is required for initiation of 

flowering. Iron content has been found important for floral 

initiation in  (Gupta and Maheshwari Lemna paucicostata

1970, Khurana and Maheshwari 1983 and Nishioka et al 

1986). Zinc is required for plant reproductive development. 

Zinc deficiency influences different phases of plant 

reproduction, viz., flowering, flower development, anthesis, 

gamete formation, fertilization and resultantly seed set. Zinc 

is essential for nitrogen fixation and root nodule formation 

(Nandwall et al 1990 and Balusamy et al 1996). Considering 

the above facts, the present investigation was carried out to 



study the effect of seed coating and foliar sprays on plant 

development, seed yield and yield characteristics in garden 

pea.

MATERIAL AND METHODS

The field experiment was carried out at Research Farm 

of the Department of Seed Science and Technology, Dr YS 

Parmar UHF, Nauni, Solan (HP) during rabi 2018-19. Soil 

texture of the Research Farm was loam to clay loam with pH 

ranging between 6.85-7.05. The average maximum and 

minimum temperatures, relative humidity and average total 

rainfall during the cropping period were 19.9 C, 5.6 C, 57 per o o

cent and 52.3 mm, respectively. The field experiment was 

laid out using pea cultivar Punjab-89. Seed was sown at 

60×7.5 cm spacing on 15  November 2018 in Randomized th

Complete Block Design. The plot size was 3.0×1.5 m. There 

were seven treatments  T (seed coating with  viz., Rhizobium 1 

@ 30 g kg seed), T (Seed coating with PSB @ 30 ml kg-1 -1 

2 

seed), T  (Seed coating with  @ 30 g + PSB @ 30 3 Rhizobium

ml kg seed), T  (Seed coating with FeSO  @ 3 g kg seed), T  -1 -1 
4 4 5

(Seed coating with ZnSO  @ 3 g kg seed), T  (Seed coating 4 6
-1 

with carbendazim @ 2.5 g kg seed) and T  (control). In -1 
7

addition to seed coating, two foliar sprays of ZnSO + FeSO  4 4

@ 0.3 per cent each were also given at the time of 50 per cent 

flowering and 15 days after the first spray in all treatments 

except control. 

For seed coating, 15 ml Carboxy Methyl Cellulose (2%) 

was mixed with 250 g seeds for each treatment in a plastic 

container and then coating material was added and mixed 

thoroughly by shaking the container manually until there was 

a uniform coating on seeds. Treated seeds were dried in 

shade overnight. The uniformly coated seeds were selected 

for sowing. The crop was grown following standard 

procedure as per the package of practices of the University. 

The foliar application of the nutrients were given after 

preparing the nutrient solutions of given concentration at 

given time period.

Observations on various parameters  field viz.,

emergence (%), plant height (cm), days to maturity, pods 

plant , pod length (cm), seeds pod , 100 seed weight (g) and -1 -1

seed yield (g plant  and q hectare ) were observed as per the -1 -1

standard procedures. For observation of field emergence all 

the emerged seedlings were counted in each plot and 

emergence percentage was worked out on the basis of 

number of seeds sown as per the formula: 

Plant height of the ten randomly selected plants was 

recorded from the soil level to the tip of the plant at the end of 

the crop season with the help of a scale and mean height was 

expressed in centimetres. Days to maturity were counted 

from the date of sowing to fully developed mature pods for 

getting seeds. The number of pods from each harvest of ten 

randomly selected plants were counted and averaged to 

work out mean number of pods plant . Length of ten -1

randomly selected healthy pods was measured from the 

point of attachment to the tip of pod with the help of a scale. 

The pods used for measuring pod length were shelled for 

counting the seeds and the mean value of seeds pod  was -1

determined. In each replication, 100 seeds were counted 

with the help of an electronic counter from the total seed 

produced in each plot and were weighed on electronic 

balance to record the weight. For seed yield per plant, ten 

plants randomly selected from each replication per treatment 

for pod characters were harvested at complete physiological 

maturity stage and thus obtained seeds properly dried in 

shade. The seeds were cleaned properly and weighed with 

the help of an electronic balance and average was worked 

out. Seed yield per hectare was worked out on the basis of 

seed obtained per m  as per the formula:2

while calculating the seed yield per hectare, twenty per 

cent area was considered as depreciation for construction of 

channels in the field.

RESULTS AND DISCUSSION

The results of the experiment obtained w.r.t. various 

growth and yield parameters after statistical analysis are 

presented and discussed hereunder:

Growth parameters: A cursory glance at the data (Table 1) 

revealed that majority of the seed coating treatments 

significantly influenced the field emergence of seed. 

Amongst all the treatments, however, the maximum field 

emergence (92.67 %) was observed in the plots under T  3

(Seed coating with @ 30 g + PSB @ 30 ml kg  Rhizobium -1

seed) followed by T Seed coating with @ 30 g kg1 ( Rhizobium -

1 seed) with 91.67 per cent field emergence. Both the 

treatments were at par with each other w.r.t. this parameter. 

In other seed coating treatments, the emergence recorded 

was between 83 to 85.33 per cent. The uncoated seed 

(control) only showed 82.33 per cent field emergence. This 

enhanced emergence might be due to the action of bio-

fertilizer present on seed coat. These bio-fertilizers might 

have enhanced the microbial activity around the seed in soil 

thus making essential bio molecules available to the plants 

during the early stages of germination. Same mechanisms 

have been suggested by Subba Rao (1986).

While looking the data w.r.t. plant height (Table 1), again 

Emergence (%) =
Germinated seedlings 

Total seeds sown
× 100

Seed yield ha  (q) =-1
Seed yield/m  (kg)×80002

100
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the seed coating treatments significantly influenced the plant 

height as compared to untreated one. The coating treatment 

T  (3 Seed coating with @ 30 g + PSB @ 30 ml kg  Rhizobium -1

seed), which also included two sprays of 4 4ZnSO + FeSO  @ 

0.3 per cent, provided maximum plant height up to 91.03 cm, 

which was at par with treatment T  (Seed coating with 1

Rhizobium @ 30 g kg  seed) and significantly higher as -1

compared to other treatments. Rhizobium enhances plant 

growth through atmospheric fixation of nitrogen, more growth 

hormone and siderophores' production that chelate iron 

making it available to plants besides disease suppression in 

early growth stages (Mabrouk et al 2018). Das (1996) noticed  

a direct role of phosphorus in cell division and development 

which positively favoured plant height. Similar results upon 

seed coating and foliar application of bio-agents and 

nutrients have been observed by various workers in field pea 

(Bhat et al 2013, Mishra et al 2010 and Pandey et al 2017). 

Foliar application of zinc enhanced the cell size and number 

Parameters/ Treatments** *Field emergence (%) Plant height (cm) Days to maturity

T : Seed coating with @ 30 g kg  seed1 Rhizobium -1 91.67 (9.57) 90.40 148.33

T : Seed coating with PSB (Phosphate solubilizing bacteria) @ 30 ml kg  seed2

-1 85.33 (9.24) 88.10 147.00

T : Seed coating with @ 30 g + PSB @ 30 ml kg  seed3 Rhizobium -1 92.67 (9.63) 91.03 147.33

T : Seed coating with FeSO  @ 3 g kg  seed4 4

-1 83.67 (9.15) 86.07 147.67

T : Seed coating with ZnSO  @ 3 g kg  seed5 4

-1 83.00 (9.11) 85.47 148.00

T : Seed coating with Carbendazim @ 2.5 g kg  seed6

-1 84.33 (9.18) 87.77 148.33

T : Control7 82.33 (9.07) 84.57 148.67

Mean 86.14 (9.28) 87.63 147.90

CD (p=0.05) 0.07 0.97 NS

Table 1. Effect of seed coating on field emergence, plant height and days to maturity in garden pea

* Figures in the parenthesis represent square root transformed values
**Foliar application of ZnSO + FeSO  each @ 0.3 % was given at two stages in all treatments except control4 4

by stimulating the production of auxins (Dashadi et al 2013). 

Haleema et al (2018) also noticed increased plant height in  

tomato after Zn application.

Iron results in activation of cell division and elongation 

promoting enzymes that ultimately favour plant height 

(Nadergoli et al 2011). This element is also known to help in  

chlorophyll synthesis (Das 1996), which enhanced the plant 

height and vegetative growth. These findings are also in line 

with Pal (2018) who also observed increased plant height in 

chickpea after seed coating and spray application with bio-

agents and nutrients. Days to maturity were, however, not 

influenced by seed coating treatments and despite of all the 

treatment, the crop took on an average 147.9 days for seed 

maturity (Table 1). 

Seed yield and yield contributing characters: The data 

presented in Table 2 indicated that the seed coating and 

nutrient spray applications significantly influenced the seed 

yield and yield contributing characters as compared to 

Parameters/Treatments* Number 
of pods 
plant-1

Pod 
length 
(cm)

Number 
of seeds 

pod-1

100 seed 
weight 

(g)

Seed 
yield

(g plant )-1

Seed 
yield

(q ha )-1

Gross 
return (₹)

Net 
return (₹)

B: C 
ratio

T : Seed coating with @ 30 g kg  seed1 Rhizobium -1 26.20 9.57 7.82 16.88 13.25 19.56 195556 124613 1.76

T : Seed coating with PSB (Phosphate solubilizing 2

bacteria) @ 30 ml kg  seed-1
25.10 9.11 7.70 16.63 12.55 18.67 186667 117557 1.70

T : Seed coating with @ 30 g + PSB @ 3 Rhizobium 
30 ml kg  seed-1

27.07 9.81 7.93 17.11 13.98 21.33 213333 142273 2.00

T : Seed coating with FeSO  @ 3 g kg  seed4 4

-1 24.90 9.06 7.53 16.30 11.93 17.33 173333 104264 1.51

T : Seed coating with ZnSO  @ 3 g kg  seed5 4

-1 24.57 9.00 7.22 16.12 11.10 16.89 168889 99799 1.44

T : Seed coating with Carbendazim @ 2.5 g kg  6

-1

seed
23.97 8.97 7.27 16.20 11.33 17.04 170370 101231 1.46

T : Control7 23.03 8.58 6.67 15.47 10.41 16.00 160000 94860 1.46

Mean 24.98 9.16 7.45 16.39 12.08 18.12

CD (p=0.05) 0.90 0.34 0.63 0.75 1.11 2.63

Table 2. Effect of seed coating on seed yield, yield contributing characters and economics of seed production in garden pea

*Foliar application of ZnSO + FeSO  each @ 0.3 % was given at two stages in all treatments except control4 4
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control. Amongst various treatments, highest number of pods 

plant  (27.07), pod length (9.81 cm), seeds pod  (7.93) and -1 -1

100 seed weight (17.11 g) were registered in treatment T  3

(Seed coating with @ 30 g + PSB @ 30 ml kg  Rhizobium -1

seed) Seed 1which was resultantly statistically at par with T  (

coating with @ 30 g kg  seed). Rhizobium -1 This improvement 

in seed yield and its contributing characters might be the 

result of combined inoculation of and PSB which Rhizobium 

regulates the supply of essential plant nutrients like nitrogen 

and phosphorus. Nitrogen being an integral part of 

chlorophyll improves vegetative growth of the plant via 

increased rate of photosynthesis (Das 1996). Further, 

Rhizobium has a well established role in the production of 

growth promoting hormones and solubilization of plant 

nutrients which lead to enhanced vegetative growth, pod 

length and pods plant (Mabrouk et al 2018). Bhat et al (2013) -1  

and Sharma et al (2018) also found the same results in field 

pea and soybean, respectively. Microbes' action also 

increased the seeds pod and 100 seed weight through -1 

enhancement of nutrient uptake, vegetative growth and 

photosynthesis resulting in increased plant biomass and 

accumulation of more food reserves in seeds. Consequently, 

more flow of assimilates from source to sink under current 

situation resulted in increased number of seeds pod  and 100 -1

seed weight. Ganie et al (2009) and Pandey et al (2017) also  

obtained higher seeds pod  in pea through bio-fertilizers' -1

inoculation of seed. Furthermore, zinc is directly involved in 

auxin synthesis (Das 1996), which might have enhanced the 

vegetative growth and yield contributing traits in pea. Foliar 

application of iron might have resulted in an increase in the 

chlorophyll content enhancing rate of photosynthates' 

production and accumulation in seed and pod. Bazgalia 

(2017) recorded more number of pods and seeds pod  in -1

chickpea due to foliar application of iron and zinc. Sadeghi 

and Noorhosseini (2014) also reported similar results in lentil.

Benefit: cost (B: C) ratio: The data on the economics of 

garden pea seed production for various treatments is 

presented in Table 2. A deep insight into the data revealed 

maximum net returns (₹ 142273) and B: C ratio (2.00) in 

treatment T [seed coating with @ 30 g + PSB @ 30 3 Rhizobium 

ml kg  seed and two foliar sprays of ZnSO  (0.3 %) + FeSO-1
4 4 

(0.3 %)]. This treatment was closely followed by treatment T1 

[seed coating with @ 30 g kg  seed and two foliar Rhizobium -1

sprays of ZnSO  (0.3 %) + FeSO (0.3 %)] with second best net 4 4 

returns (₹ 124613) and B: C ratio (1.76). However, the lowest 

B: C ratio of 1.44 was obtained in treatment T .5

CONCLUSION

From the present investigation it was concluded that 

treatment, seed coating with @ 30 g + PSB @ 30 Rhizobium 

ml kg  seed and two foliar sprays of ZnSO  (0.3 %) + FeSO  -1

4 4

(0.3 %) at 50 per cent flowering and 15 days later was rated 

best amongst all the treatments tested for growth, yield 

attributes and quality seed production in garden pea under 

mid-hill conditions of Himachal Pradesh.
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