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Abstract: To examined the role of the foliar spraying with seaweed extract, chitosan and Salicylic acid on
growth, seed yield and seed quality of the three pea cultivars Master B, Entsar 1 and Entsar 2 a field experiment
was designed in split plot design with three replicates at the experimental farm of Sadat City University during
the two successive seasons of 2018/2019 and 2019/2020 where the three pea cultivars were allocated in the main
plots and the foliar spray treatments were randomly distributed in the sub-plots. The results confirmed a wide
differ among all tested cultivars in all growth, seed yield traits as well as the severity infections with leaf miner
larvae and adult aphid. Master B cv. expressed the highest plant height, foliage fresh weight, foliage dry weight
and seed yield/plot and fad. in both seasons. Master B cv. also, followed by Entsar 2 showed the lowest
number of leaf larvae and adult aphid in both seasons Data showed that all used treatments significantly
exceeded the control treatment in all growth and seed yield traits. Pea plants that sprayed with seaweed extract
had the highest plant height, foliage fresh weight, foliage dry weight and seed yield/plot and fad in both
seasons, followed by chitosan and salicylic acid in all traits. The lowest leaf miner larvae and adult aphid were
obtained from pea plants that treated with seaweed extract in both seasons, followed by chitosan and salicylic
acid. Results revealed that the three tested cultivars differ in their response to the different used treatments.
The pea cultivar Master B that sprayed with seaweed extract had the highest plant height, foliage fresh weight,
foliage dry weight and seed yield/plot and fad as well as the lowest number of: leaf miner larvae and adult aphid
in both seasons.
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INTRODUCTION is  fifth major cause of diseases and even deaths [1].

Pea (Pisum sativum L.) is one of the important Egypt because of its nutritional value and its acceptance
vegetables in the world and ranks among the top 10 by the Egyptian consumer, especially during the fasting
vegetable crops (Ref./in the world?). Pea is commonly period in Ramadan each year, which leads to a significant
used in human diet throughout the world and it is rich in increase in the price of peas. 
protein (21-25%) [1]. Peas are important for their Since there is a noticeable gap between production
nutritional values as it is constituent of high amount of and consumption, the government resorts to importing as
protein carbohydrates, vitamin A and B and has high a quick solution to bridge that gap. However, the
levels of amino acids lysin and trypophan. Peas are Egyptian plant breeder has taken upon himself to develop
source  of  minerals such as phosphorous, iron and zinc. fundamental solutions to this problem represented in
It is a cheap source of protein and minerals especially many points such as increasing the area planted with the
important in developing countries where zinc deficiency crop  by  planting  it  in  new  or marginal lands, As well as

There is a significant increase in the demand for peas in
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breeding new varieties with high productivity, such as phenolic nature, which participates in regulation of
Entsar 1 and 2, or importing distinctive varieties from several physiological processes in plants, such as
abroad, such as Master B. These steps often coincide stomatal closure, ion uptake, inhibition of ethylene
with improving agricultural practices and processes that biosynthesis and reduce transpiration [10]. SA can
lead to an increase in the yield, such as service increase protein content and reduced adverse effects of
operations, irrigation, control of fungal and insect pests salinity [11].
and Weeds, in addition to developing the composting According to the previous descriptions the main
process using organic and biological alternatives that are objectives of this study were to examined the role of
safe for consumer health, such as seaweed extract, seaweed extract, chitosan and salicylic acid as safe
chitosan and salicylic acid. alternatives for mineral fertilizers on increase growth and

Seaweed extract is a new generation of natural seed yield of the three pea cultivar Entsar 1, Entsar 2 and
organic fertilizer highly nutritious and encourage faster Master B under sand soil conditions.
germination of seeds and enhance yield and resistant Determined the effectiveness of seaweed extract,
ability of several crops [2]. It was found that that seaweed Chitosan and Salicylic acid on reduce the infections of
extract has been found to contain growth stimulators such aphid and leaf miner in pea plants. 
as auxins, gibberellins and cytokinin. The extract also
comprises growth promoting hormones (IAA and IBA), MATERIALS AND METHODS
trace elements (Fe, Cu, Zn, CO2, Mo, Mn and Ni), vitamins
and amino acids [3]. Seaweeds are an important source of To examine the impact of some plant stimulants
organic matter and fertilizer nutrients. Seaweed extracts seaweed extract (20ml/l), chitosan (250ppm) and salicylic
have been used in agriculture as soil conditioners or plant acid (50ppm) compared with control (tab water) on the
stimulators. They are applied as foliar spray and are able growth, seed yield and tolerance to leaf miner and aphid
to enhance plant growth, improving yield and of the three pea cultivars; i.e. Master B, Entsar 1 and
productivity of several crops [4]. Gollan and Wright [5] Entsar 2 under Menofiya Governorate conditions. For this
found an enhancement effect of algae extract on pea plant purpose a field experiment designed in a split plot design
growth characteristics may be attributed to the auxin with three replicates was conducted at the experimental
content of the algae extract which has an effective role in farm of Sadat City University, El-Menofya Governorate,
cell division and enlargement. This leads to increase he Egypt during 2018/2019 and 2019/2020 seasons where the
shoot growth, leaves number and plant dry weight. three pea cultivars were allocated in the main plots and

Chitosan, a common name to a deacetylated form of the three used treatments and the control were randomly
chitin, is natural biodegradable materials derived from distributed  in  the  sub-plots.  This  experiment included
crustaceous shells, whose main attribute s corresponds to 12 treatments which were the combinations between three
its polycationic nature [6]. Chitosan is of keen interest cultivars and four treatments as used as foliar
now a days and used in seed, leaf, fruit and vegetable applications.
coatings, as fertilizer and in controlled agrochemical Seeds of the three pea cultivars were sown on
release, to increase plant productivity [7]. Malerba and November  5   and 4   in  both  seasons,  respectively.
Cerana [8] confirmed that the beneficial effect of Chitosan The plot size was four ridges each ridge was five meters
(CHI) on plant growth may be attributed to the promoting long and 70 cm apart. Seeds were sown on the two side of
effects on nutrients uptake and nutritional status the  ridge  at  20 cm  hill  spacing with one seed per hill.
especially nitrogen, potassium and phosphorous which The plot area was 14 m  (including 196 plants). The wet
are essential for plant growth. Chitosan have insecticidal planting method called (Herati) was used and all the other
and disease preventive actions, also it helps plants to cultural practices (irrigation, fertilization and weed control)
stimulate stress tolerance. were followed as recommended. All treatments were

Salicylic acid (SA) is a plant growth regulator known applied as a foliar spray three times: the first one was in
as an endogenous marking molecule, which is implicated beginning of flowering, the second one was 10 days after
in different physiological processes, like growth the first on and the third was 10 days after the second
regulation, photosynthesis, stomatal behavior, nutrient one. Soil physical and chemical properties of the
uptake and mechanisms of tolerance to abiotic stresses experimental site and analysis of irrigation water are
[9]. Salicylic acid is an endogenous growth regulator with presented in Table 1 and 2.

th th
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Table 1: Soil physical and chemical properties of the experimental site (Average two seasons)

Physical properties

Sand % Silt % Clay % Texture

83 10 7 Sandy loamy

Chemical properties

Soluble salts (mg/100g)

----------------------------------------------------------------------------------------------------------------------------------------------------

pH EC dS/m Na K Ca Mg Cl HCO CO SO O.M CO %+ + ++ ++ - - - - - -
3 3 4 3

8.17 1.114 3.3 0.18 1.2 1.2 7.4 1.9 0 3.4 0.35 1.7

Table 2: Analysis of irrigation water

Fe Zn Mn Cu

pH EC dS/m Ca Mg Na K CO HCO Cl SO SAR TDS ------------------ ppm --------------------++ ++ + + - - - - - -
3 3 4

7.98 1.26 4.2 2.6 6.5 0.2 0 4 7 2.5 3.5 896 0.11 0.18 <0.01 <0.01

Studied Characters Were RESULTS AND DISCUSSIONS
Vegetative Growth Traits: Five random plants from each
experimental plot were randomly taken at 90 days after Plant Growth
seed sowing to determine plant height (m), foliage fresh Cultivars Effects: The obtained data in Table 3 confirmed
weight (g) and foliage dry weight (g) the wide differ among all tested cultivars in all growth

Seed Yield Traits: Seed yield was measured as the total (89.74 and 92.12cm), foliage fresh weight (79.81 and 79.93
harvested seeds over all season and seed yield per faddan g) and foliage dry weight (29.28 and 28.90g) in both
(tons) was calculated by converting the yield of the seasons, respectively followed by Entsar 2 in all previous
experimental plot (kg) to faddan. traits.  In  contrast,  Entsar  1  cv  showed   the  lowest

Number of Leaf Miner (Liromiza congesta) and Aphid (54.45  and  52.98 g)  and foliage dry weight (24.31 and
and  (Aphis  gossypii):  Monitoring  of  L. congesta  and
A. gossypii, numbers was conducted throughout from
three weeks after sowing until the end of the fruiting stage
in the three pea cultivars plots. Sampling was carried out
at weekly interval early in the morning before the insect
pests adults tend to be more active [12]. Number of leaf
miner and aphid were assessed by leaf random sampling.
For sampling, 30 leaves representing top, middle and
bottom canopy were picked from each of the three
cultivars for each treatment were randomly selected per
plot.. Leaf samples were kept in separate paper bags
properly labeled with plot number. The leaves were then
brought to the laboratory on the same day where leaf
miner larvae and adult aphid were counted.

Statistical Analysis: Results were expressed as mean.
The data were analyzed by using two-way ANOVA
followed  by  LSD  test  through  SPSS  16  (version  4).
The treatments means were compared using least
significant difference (LSD) at significant levels of 5% as
described by Gomez and Gomez [13].

traits. Master B cv. expressed the highest plant height

plant height (72.55 and 70.74 cm), foliage fresh weight

22.92 g).
Our results confirmed the presence of the significant

differences among the three pea cultivars in all growth
traits. The wide diversity among pea genotypes in growth
traits were observed before by; Datta and Das [14] in
plant height. 

Treatments Effect: Data in Table 3 showed that all used
treatments  significantly  exceeded  the  control treatment
in  all  growth  traits  i.e.  plant  height, foliage fresh and
dry  weight  in  both  seasons  of this study. Pea plants
that  sprayed  with  seaweed  extract  had  the highest
plant height (94.91 and 99.46 cm), foliage fresh weight
(76.76 and 80.68 g) and foliage dry weight (33.80 and
35.50g) in both seasons, respectively followed by
chitosan and salicylic acid in all growth traits. on the other
side, pea plants under the control treatment had the
lowest plant height (65.40 and 61.48cm), foliage fresh
weight (52.32 and 48.92g) and foliage dry weight with
averages of 20.71 and 18.33g in the first and second
seasons, respectively.
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Table 3: Effect of pea cultivars, foliar application treatments and their interactions in pea plants growth traits during 2018/2019 and 2019/2020 growing seasons
Plant height (cm) Foliage fresh weight (g) Foliage dry weight (g)
---------------------------------------- ---------------------------------------- ----------------------------------------

Factors 1  Season 2  Season 1  Season 2  season 1  Season 2  Seasonst nd st nd st nd

Cultivar
Master B 89.74 92.12 79.81 79.93 29.28 28.90
Entsar 1 72.55 70.74 54.45 52.98 24.31 22.92
Entsar 2 79.75 80.76 60.16 60.41 27.40 27.04
LSD 5% 1.14 1.35 1.32 1.15 0.94 1.01
Treatments
Seaweed extract 94.91 99.46 76.76 80.68 33.80 35.50
Chitosan 85.57 87.27 69.09 70.70 29.34 29.64
Salicylic acid 76.84 76.63 61.05 57.47 24.13 21.69
Control 65.40 61.48 52.32 48.92 20.71 18.33
LSD 5% 2.09 3.79 3.81 4.53 1.83 2.31
Cultivar Treatments
Master B Seaweed extract 99.79 104.44 89.64 94.08 35.47 37.20

Chitosan 93.96 98.59 84.46 88.90 32.28 33.95
Salicylic acid 85.97 90.55 75.12 70.88 25.50 23.03
Control 79.24 74.91 70.01 65.87 23.85 21.42

Entsar 1 Seaweed extract 89.14 93.57 67.82 71.41 31.83 33.48
Chitosan 72.27 68.28 54.01 50.78 23.44 21.02
Salicylic acid 67.02 63.13 50.00 46.84 21.80 19.41
Control 61.76 57.98 45.98 42.90 20.16 17.80

Entsar 2 Seaweed extract 95.80 100.36 72.83 76.54 34.11 35.81
Chitosan 90.48 94.94 68.82 72.44 32.28 33.95
Salicylic acid 77.53 76.22 58.03 54.70 25.09 22.62
Control 55.19 51.53 40.96 37.98 18.11 15.78

LSD 5% 3.61 1.70 1.32 1.32 0.63 0.63

Cultivars X Treatments Effects: Results in Table 3 growth and development of the plant. Our results are in
revealed that the three tested cultivars differ in their the same lines with this of Sivasankari et al. [16] who
response to the different used treatments. The pea showed that aqueous extract of seaweeds promoted the
cultivar Master B that sprayed with seaweed extract had seedling growth including the parameters of shoot length,
the highest plant height (99.79 and 104.44cm), foliage root length, fresh weight and dry weight of Vigna
fresh weight (89.64 and 94.08g) and foliage dry weight sinensis. Similar results were obtained by [16] Sivasankari
(35.47 and 37.20g) in both seasons, respectively followed et al. and Youssef et al. [17] in Cawpea, Rathore et al. [18]
by Entsar 2 under the same treatment and both Master B in  Soybean,  Hamed  [19]   in   Phaseolus  vulgaris,
and Entsar 2 under chitosan. On the other hand, Entsar 2 Oancea et al. [20], Sutharsan et al. [21] in tomato,
under the control treatment expressed the lowest plant Mohammed and Marwa Hamdoon [22], Nawar et al. [23]
height (55.19 and 51.52 cm), foliage fresh weight (40.96 and Elsharkawy et al. [24] in pea and Mafakheri and
and 37.98g) and foliage dry weight (18.11 and 15.78g) in Asghari [25] in Trigonella foenum-graecum.
the first and second seasons, respectively. The increase in pea growth under chitosan may due

Our results indicated that all used treatments to chitosan can improve physiological processes in plant
significantly exceeded the control and the three tested [26]. Khan et al., [27] also, indicated that chitosan
cultivars differ in their response to the different used significantly affected growth attributes of pea. The role of
treatments. The pea cultivar Master B that sprayed with chitosan in promoting plant growth were showed before
seaweed extract had the highest plant height, foliage fresh by Ghoname et al. [28] in sweet pepper, Farouk et al. [26]
weight and foliage dry weight. seaweed extract contain in radish plant, Chookhongkha et al. [29] in chili plant,
several auxins which has an effective role in cell division Fawzy et al. [30] in garlic and Mondal et al. [31] in
and enlargement leads to increase he shoot growth, mungbean.
leaves number and plant dry weight [5]. Also, Attememe In this study salicylic acid also improve all pea
[15] reported that seaweed extract contains growth traits. salicylic acid (SA) is an effective
macronutrients (N, P and K) which are very essential for endogenous plant growth regulator. It plays physiological
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roles  in  plant including growth and development, vitamins, cytokinins, auxins like growth promoting
thermogenesis, flower induction, nutrients uptake, substances affecting cellular metabolism in treated plants
ethylene  biosynthesis,  stomata movement, leading to enhance growth and yield [43]. Our results are
photosynthesis and enzymes activity [32, 33]. In the in agree with those of Mohammed and Hamdoon [22] and
previous studies the foliar treatment with salicylic acid Elsharkawy et al., [24] who showed that spraying pea
significantly   increase    all     vegetative   parameters plants with algae extract at 10 or 15 % increased
(plant height, fresh and dry weights, leaves number and significantly seed yield of pea. 
leaves area) in pea plants [34-37]. Similar results were Also  our  result  indicated  that  chitosan  resulted in
obtained by Nour et al. [38] in snap bean, Sakr et al. [39] a  large increase  in  seed  yield  compared to control.
in soybean and Rady et al. [40] in common bean. Khan et al. [27] and Zakiullah et al. [44] indicated that

chitosan significantly affected seed yield and its
Seed Yield attributes of pea.
Cultivars Effects: Results in table 4 showed a wide differ Salicylic acid also, increase seed yield/fad. of pea
among all tested cultivars in seed yield and yield plant. In this respect Gad El-Hak et al. [34]; Chame et al.
components traits. The pea Master B had the highest [45] and also, EL-Afifi et al. [35] found that the maximum
seed yield per plot (14.40 and 14.59 kg) and fad. (4.32 and increase fresh seeds weight/pod, number of fresh
4.38 ton) in the two studied seasons, respectively seeds/pod, green pod yield and seeds weight/dry pod
followed by Entsar 2. On the other side, Entsar 1 cv was observed in the pea plants treated with SA.
showed the lowest seed yield per plot (11.63 and 11.51 kg)
and fad. (3.49 and 3.45 ton) in both seasons, respectively. Severity of Leaf Miner and Aphid

In this study seed yield/fad differ significant in all Cultivars Effects: The presented data in Table 5 indicated
tested  genotypes  and Master B cv. showed excellent that the severity infections with leaf miner larvae and
seed yield/fad. The differences between pea genotypes adult aphid significantly differ in the three tested
may due to the wide genetic diversity of these genotypes cultivars. Master B was the most tolerant cultivar to both
[41, 42]. leaf miner and aphid where it showed the lowest number

of leaf larvae (5.33 and 5.41) and adult aphid (5.98 and
Treatments Effect: All used treatments significantly 6.06) in both seasons, respectively followed by Entsar 2.
increased seed yield compared to control (Table 4). The In the contrast of this Entsar 1 cultivar was the most
highest seed yield/plot (15.82 and 16.23 kg) and seed susceptible cultivar to both leaf miner and aphid where it
yield/fed (4.75 and 4.87 ton) were obtained under the foliar showed the highest number of leaf larvae (7.35 and 7.21)
spraying with seaweed extract in both seasons, and adult aphid (8.14 and 8.00) in both seasons,
respectively followed by chitosan then salicylic acid. respectively.

Cultivars X Treatments Effects: The response of the leaf miner larvae and adult aphid significantly differ in the
three pea cultivars significantly differed under the three tested cultivars. Master B was the most tolerant
different treatments in all yield traits during the two cultivar to both leaf miner and aphid. Similar results was
growing seasons (Table 4). The pea cultivar Master B that obtained before by Greveniotis et al. [42] who tested five
sprayed with seaweed extract showed the highest seed cultivars of peas and they found a large differ among
yield per plot (17.00 and 17.42 kg) and fad. (5.10 and 5.23 genotypes in their tolerance to common insects and
ton) in both seasons, respectively followed by Master B disease infections and Vermio cultivar was the most
and Entsar 2 that sprayed with chitosan. On the other tolerance genotype to white fly, aphid and leaf miner also,
hand,   Entsar   2  under  the  control treatment expressed the same genotype showed moderate tolerance to rust
the lowest seed yield per plot (7.60 and 7.28 kg) and fad. disease in all tested locations.
(2.28 and 2.18 ton) in both seasons, respectively.

In  the  present study all used treatments significantly Treatments Effects: All used treatments significantly
increased yield and yield components traits compared to decreased infection of both leaf miner and aphid in pea
control. The pea cultivar Master B that sprayed with plants compared with control (Table 5). The lowest leaf
seaweed extract had the highest yield measurements. miner larvae (4.10 and 4.19) and adult aphid (4.59 and 4.69)
Seaweed components consider a great source of macro were obtained from pea plants that treated with seaweed
and micronutrients, essential fatty acids, amino acids, extract in both seasons, respectively followed by chitosan

Our results revealed that, the severity infections with
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Table 4: Effect of pea cultivars, foliar application treatments and their interactions on seed yield/plot and faddan of pea during 2018/2019 and 2019/2020
growing seasons

Seed yield/plot (kg) Seed yield/fad (ton)
---------------------------------------------------- ---------------------------------------------------

Factors 1  Season 2  Season 1  Season 2  Seasonst nd st nd

Cultivar
Master B 14.40 14.59 4.32 4.38
Entsar 1 11.63 11.51 3.49 3.45
Entsar 2 12.89 13.03 3.87 3.91
LSD 5% 0.39 0.71 0.23 0.43
Treatments
Seaweed extract 15.82 16.23 4.75 4.87
Chitosan 14.50 14.72 4.35 4.42
Salicylic acid 11.99 11.93 3.60 3.58
Control 9.58 9.31 2.87 2.79
LSD 5% 0.89 1.03 0.54 0.62
Cultivar Treatments
Master B Seaweed extract 17.00 17.42 5.10 5.23

Chitosan 15.80 16.21 4.74 4.87
Salicylic acid 12.89 12.99 3.86 3.90
Control 11.90 11.75 3.57 3.52

Entsar 1 Seaweed extract 15.20 15.59 4.56 4.68
Chitosan 11.91 11.75 3.57 3.53
Salicylic acid 10.19 9.81 3.05 2.95
Control 9.25 8.90 2.77 2.67

Entsar 2 Seaweed extract 15.27 15.67 4.59 4.70
Chitosan 15.79 16.20 4.74 4.86
Salicylic acid 12.89 12.99 3.87 3.90
Control 7.60 7.28 2.28 2.18

LSD 5% 1.09 1.33 0.66 0.8

and salicylic acid. On the other side pea plants under the diseases. Also, Mafakheri and Asghari [25] showed that
control treatment had the highest number of leaf miner foliar applications of seaweed decrease the infections of
larvae (8.40 and 8.13) and adult aphid (9.30 and 9.02) in the aphid, white fly and leaf miner in Trigonella foenum-
first and second seasons, respectively. graecum under open field conditions.

Cultivars X Treatments Effects: Results in Table 5 and Cerana [8] confirmed that chitosan have insecticidal
indicated that the infection of leaf miner and aphid in the and disease preventive actions, also it helps plants to
three tested cultivars differ significantly according to the stimulate stress tolerance. In the study of Badawy et al.
different used treatments. The pea cultivar Master B that [47] reported that growth and larval vitality of oleander
sprayed with seaweed extract had the lowest number of: aphid (Aphis nerii) and cotton leaf worm (Spodoptera
leaf miner larvae (3.88 and 4.08) and adult aphid (4.37 and littoralis) were severely affected by chitosan. While,
4.57) in both seasons, respectively followed by Master B Sahab et al. [48] reported that chitosan incorporated with
under chitosan and Entsar 1 and 2 under seaweed extract. polyacrylic acid offers excellent potential in managing
On the other hand, Entsar 1 under the control treatment attack of common pests like cotton aphid and beetles in
expressed  the  highest  number  of:  leaf  miner  larvae soybean cultivation.
(9.91 and 9.54) and adult aphid (10.82 and 10.44) in the first In this study salicylic acid reduced the infections of
and second seasons, respectively. leaf  miner  and  aphid in pea plant compared to control

In this study, the lowest infections with leaf miner and this may due to the phenolic nature of salicylic acid
larvae and adult aphid were obtained from pea plants that that repelled the insect pests. Salicylic acid is an
treated with seaweed extract. Sosnowski et al. [46] endogenous growth regulator with phenolic nature, which
showed that use of seaweed extracts increases the participates in regulation of several physiological
tolerance of plants to abiotic stresses (salinity, drought, processes in plants, such as stomatal closure, ion uptake,
or extreme temperatures) and biotic stresses such as inhibition of ethylene biosynthesis and reduce
insect pests (white fly and leaf miner) and fungus transpiration [10].

As for chitosan effect of insect infections Malerba
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Table 5: Effect of pea cultivars, foliar application treatments and their interactions in the severity of pea plants leaf miner and aphid during 2018/2019 and
2019/2020 growing seasons

Number of leaf miner larvae Adult aphid numbers
---------------------------------------------------- ---------------------------------------------------

Factors 1  Season 2  Season 1  Season 2  Seasonst nd st nd

Cultivar

Master B 5.33 5.41 5.98 6.06
Entsar 1 7.35 7.21 8.14 8.00
Entsar 2 5.87 5.81 6.56 6.50
LSD 5% 1.07 0.78 1.16 1.13

Treatments

Seaweed extract 4.10 4.19 4.59 4.69
Chitosan 5.05 5.15 5.67 5.77
Salicylic acid 7.17 7.10 8.01 7.94
Control 8.40 8.13 9.30 9.02
LSD 5% 0.89 0.83 0.93 0.87

Cultivar Treatments

Master B Seaweed extract 3.88 4.08 4.37 4.57
Chitosan 3.99 4.19 4.48 4.68
Salicylic acid 6.27 6.31 7.02 7.06
Control 7.17 7.06 8.05 7.94

Entsar 1 Seaweed extract 4.37 4.57 4.87 5.07
Chitosan 7.17 7.06 8.05 7.94
Salicylic acid 7.94 7.66 8.83 8.54
Control 9.91 9.54 10.82 10.44

Entsar 2 Seaweed extract 4.06 3.93 4.55 4.42
Chitosan 3.99 4.19 4.48 4.68
Salicylic acid 7.30 7.33 8.18 8.21
Control 8.14 7.80 9.02 8.68

LSD 5% 1.39 1.31 1.46 1.37

REFERENCES 5. Gollan J.R. and J.T. Wright, 2006. Limited grazing by

1. Bhat, T.A., M. Gupta, M.A. Ganai, R.A. Ahanger and Taxifolia in a temperate. Australia Estuary Marine
H.A. Bhat, 2013. Yield, soil health and nutrient and Fresh Water Res., 57(7): 685-694.
utilization of field pea (Pisum sativum L.) as affected 6. Bautista-Banos,  S.,  A.N.   Hernandez-Lauzardo,
by phosphorus and Biofertilizers under subtropical M.G. Velazquez-del Valle, M. Hernandez-Lopez, E.
conditions of Jammu, International Journal of AitBarka, E. Bosquez-Molina and C.L. Wilson, 2006.
Modern Plant and Animal Science, 1(1): 1-8. Chitosan as a potential natural compound to control

2. Dhargalkar V.K. and N. Pereira, 2005. Seaweed: pre and postharvest diseases of horticultural
promising   plant    of   the   millennium.   Sci.  Cult., commodities Crop Protection, 25: 108-118
71: 60-66. 7. Nwe, N., S. Chandrkrachang and W. Stevens, 2004.

3. Crouch, I.J. and J. Van Staden, 1992. Effect of Application of chitosan in Myanmar’s agriculture
seaweed  concentrates  on  the  establishment and sector. pp: 23-26. Proceedings of the Sixth Asia
yield of greenhouse tomato plants. Journal of Pacific Chitin and Chitosan Symposium, May.
Applied Phycology, 4: 291-296. 8. Malerba M. and R. Cerana, 2016. Chitosan Effects on

4. Sharma,  H.S.S.,  C.  Fleming,  C.  Selby, J.R. Rao and Plant Systems. International Journal of Molecular
T. Martin, 2014. Plant bio-stimulants: A review on the Sciences, 17: 996. 
processing of macro algae and use of extracts for 9. Hayat, Q., S. Hayat, M. Irfan and A. Ahmad, 2010.
crop management to reduce abiotic and biotic Effect of exogenous salicylic acid under changing
stresses. J. Appl. Phycol., 26: 465-490. environment: A review. Environ. Exp. Bot., 68: 14-25.

native herbivores on the invasive seaweed caulerpa.



Hort. Sci. & Ornamen. Plants, 13 (3): 366-374, 2021

373

10. El-Shraiy A.M. and A.M. Hegazi, 2009. Effect of 21. Sutharsan, S., S. Nishanthi and S. Srikrishnah, 2014.
acetylsalicylic acid, indole-3-bytric acid and
gibberellic acid on plant growth and yield of pea
(Pisum sativum L.).  Aust.  J.  Basic  &  Appl. Sci.,
3(4): 3514-3523. 

11. Hadi, H., A. Najafabadi and R. Amirnia, 2014.
Comparison of different treatment methods of
salicylic acid on some physiological traits of white
bean under salinity stress. Cercetari Agronomice in
Moldova, 47(3): 97-105. 

12. Gameel, O.I., 1973. Field evaluation of insecticides for
jassid, Empoasca lybica De Berg and whitefly,
Bemisiat abaci (Genn.) control on cotton.
Bull.Entomo. Soc. Egypt, Econo. Ser., 7: 113-122.

13. Gomez, K.A. and A.A. Gomez, 1984. Statistical
procedures for Agriculture Research 2  Ed., Willeynd

and Sons. Inc. New York. USA.
14. Datta, S. and K. Das, 2018. Varietal performance of

garden pea (Pisum sativum var. hortense) under
Terai zone of West Bengal. Journal of Applied and
Natural Science, 10(3): 1032-1036 

15. Attememe, J.Y.A., 2009. The effect of humic acid and
seaweed extracts on the growth, chemical
characteristics of Rosmarinus officinalis L. The 6th

scientific conference, Biology Dept., College of
Education, University of Tikrit. Plant Sci., pp: 1-17.

16. Sivasankari, S., V. Venkatesalu, M. Anantharaj and
M.  Chandrasekaran,  2006.  Effect  of seaweed
extracts on  the growth and biochemical constituents
of    Vigna     sinensis.       Bio-resource    Technol.,
97: 1745-1751.

17. Youssef, Fadia A., M.U. El-Segai, Sawsan M. Abou-
Taleb and Khadijah W. Massoud, 2019. Response of
cowpea (Vigna unguiculata l.) Plant to seaweed and
yeast extracts. Plant Archives, 19(2): 2363-2370. 

18. Rathore, S.S.R., G.N. Chaudhary, A. Boricha, B.P.
Ghosh, S.T. Bhatt, J. Zodape and S. Patolia, 2009.
Effect of seaweed extract on the growth, yield and
nutrient uptake of soybean (Glycine max) under
rainfed conditions. South African Journal of Botany,
75: 351-355. 

19. Hamed, E.S., 2012. Effect of seaweed extract and
compost treatments on growth and quality of snap
bean. Ph.D. Agric. Sc. Ain Shams University.

20. Oancea, F., S. Velea, C. Mincea and L. Ilie, 2013.
Micro-algae based plant bio-stimulant and its effect
on water stressed tomato plants. Rom. J. Plant Prot.,
VI, 104-117.

Effects of foliar application of seaweed (Sargassum
crassifolium) liquid extract on the performance of
Lycopersicon esculentum Mill. In Sandy Regosol of
Batticaloa District Sri Lanka. American-Eurasian J.
Agric. & Environ. Sci., 14(12): 1386-1396.

22. Mohammed, A.S. and Marwa Hamdoon, 2014. Effect
of seaweed extract and phosphorous application on
growth and yield of pea plant. Rahmann G and
Aksoy U (Eds.) (2014) Proceedings of the 4  ISOFARth

Scientific Conference. ‘Building Organic Bridges’, at
the Organic World Congress 2014, 13-15 Oct.,
Istanbul, Turkey (eprint ID 23488): 695-696. 

23. Nawar, Dalia A.S. and Sabreen Kh. A. Ibraheim, 2014.
Effect of algae extract and nitrogen fertilizer rates on
growth and productivity of peas. Middle East Journal
of Agriculture Research, 3(4): 1232-1241. 

24. Elsharkawy,  Gehan  A.,  Hanaa  S.   Hassan  and
H.A. Hamdy, 2019. Effect of promoting diazotrophic
bacteria and seaweed extract formula on growth,
yield and quality of pea (Pisum sativum L.) Plants.
Alexandria Science Exchange Journal, 40(1): 203-217.

25. Mafakheri, S. and B. Asghari, 2018. Effect of seaweed
extract, humic acid and chemical fertilizers on
morphological, physiological and biochemical
characteristics of Trigonella foenum-graecum L. J.
Agr. Sci. Tech., 20: 1505-1516.

26. Farouk, S., A.  Mosa,  A.  Taha,  H.M.  Ibrahim  and
A. El-Gahmery, 2011. Protective effect of humic acid
and chitosan on radish (Raphanus sativus, L. var.
sativus) plants subjected to cadmium stress. Journal
of Stress Physiology & Biochemistry, 7: 99-116.

27. Khan,  R.,  N.  Manzoor,  A. Zia, I. Ahmad, A. Ullah,
S.M. Shah, M. Naeem, S. Ali, I.H. Khan, D. Zia and
Sh. Malik, 2018. Exogenous application of chitosan
and humic acid effects on plant growth and yield of
pea (Pisum sativum). Int. J. Biosci., 12(5): 43-50. 

28. Ghoname, A.A., M.A. El-Nemr, A.M.R. Abdel-
Mawgou and W.A. El-Tohamy, 2010. Enhancement
of sweet pepper crop growth and production by
application of biological, organic and nutritional
solutions. Research Journal of Agriculture and
Biological Sciences, 6(3): 349-355. 

29. Chookhongkha, N., S. Miyagawa, Y. Jirakiattikul and
S. Photchanachai, 2012. Chili growth and seed
productivity as affected by chitosan. Proceedings of
the International Conference on Agriculture
Technology and Food Sciences, Manila, Philippines.
Manila, Philippines. 



Hort. Sci. & Ornamen. Plants, 13 (3): 366-374, 2021

374

30. Fawzy,  Z.F.,  Z.S.  El-Shal,  L.  Yunsheng,  O.  Zhu 41. Bozoglu, H., E. Peksen, A. Peksen and A. Gulumser,
and  O.M. Sawan,  2012.  Response   of  Garlic 2007. Determination of the yield performance and
(Allium sativum L.) plants to foliar spraying of some harvesting periods of fifteen pea (Pisum sativum L.)
bio -stimulants under sandy soil condition. Journal of Cultivars sown in autumn and spring. Pak. J. Bot.,
Applied Sciences Research, 8(2): 770-776. 39(6): 2017-2025. 

31. Mondal, M., M. Malek, A. Puteh and M. Ismail, 2013. 42. Greveniotis, V., E. Bouloumpasi, S. Zotis, A.
Foliar application of chitosan on growth and yield Korkovelos and C.G. Ipsilandis, 2021. Yield
attributes of mungbean (Vigna radiata (L.) Wilczek). components stability assessment of peas in
Bangladesh Journal of Botany, 42: 179-183. conventional and low-input cultivation systems.

32. Hayat, S. and A. Ahmad, 2007. Salicylic Acid: A Plant Agriculture, 11(805): 2-22. 
Hormone.  Springer,  Dordrecht,  The  Netherlands, 43. Khan,  W.,  U. Rayirath, S. Subramanian, M. Jithesh,
pp: 1-14. P.  Rayorath,  M.  Hodges,  A.  Critchley,  J.  Craigie,

33. Shafeek,  M.R,  Y.I.  Helmy,  A.A.  Ahmed  and J. Norrie and B. Prithiviraj, 2009. Seaweed extracts as
M.A.F. Shalaby, 2014. Productivity of Snap Bean biostimulants of plant growth and development.
plants by spraying of some antioxidants materials Journal of Plant Growth Regulation, 28(4): 386-399.
under sandy soil conditions in plastic-house. Middle 44. Zakiullah, A., M.F. Khan,T. Irfanullah, M.
East Journal of Agriculture Research, 3(1): 100-105. Najeebullah, A. Khaliq, M. Riaz, T. Razzaq, M. Urooj,

34. Gad El-Hak, S.H., A.M. Ahmed and Y.M.M. H. Kakar, A. Faheemullah and S. Shafique, 2018.
Moustafa, 2012. Effect of foliar application with two Effect of chitosan (growth enhancer) on the growth
antioxidants and humic acid on growth, yield and and yield of different pea (Pisum sativum L.) varieties
yield components of peas (Pisum sativum L.). J. Hort. under arid condition of Bannu Pakistan. Middle East
Sci. & Ornamen. Plants, 4(3): 318-328. J. Agric. Res., 7(4): 1268- 1277.

35. EL-Afifi, S.T., E.E. Metwaly, M.B. Shokr and Madeha 45. Chame, S.K.,  B.  Khalil-Tahmasbi,  P.S.  Mahmoodi,
S.M. Ismail, 2017. Effect of some safe compounds on A. Abdollahi, A. Fathi, S.J.S. Mousavi, M.H. Abadi,
growth and productivity of peas (Pisum sativum L). S. Ghoreishi and S. Bahamin, 2016. Effects of salinity
J. Plant Production, Mansoura Univ., 8(1): 77-82. stress, salicylic acid and Pseudomonas on the

36. Sajid, Z.A., M. Safdar and S.A. Khilji, 2016. physiological characteristics and yield of seed beans
Amelioration of salinity stress tolerance in pea (Phaseolus vulgaris). Sci. Agric., 14(2): 234-238.
(pisum sativum L.) by exogenous application of 46. Sosnowski,  J., E.  Malinowska,  K.  Jankowski  and
salicylic acid. BIOLOGIA, 62(1): 69-78. P. Redzik, 2016. Morpho-chemical diversity in

37. El-Saadony, F.M., Dalia A.S. Nawar and H.G. Zyada, Festuca pratensis and Lolium perenne depending on
2017.  Effect  of  foliar  application   with  salicylic concentrations of Ecklonia maxima extract. Appl.
acid,  garlic  extract  and  proline  on  growth, yield Ecol. Env. Res., 14: 369-379.
and leaf anatomy of pea (Pisum sativum L.) grown 47. Badawy, M.E.I., F. Ahmed and A.F. El-Aswad, 2012.
under  drought  stress.  Middle  East J. Appl. Sci., Insecticidal activity of chitosan of different molecular
7(3): 633-650. weights and chitosan-metal complexes against cotton

38. Nour, K.A.M., N.T.S. Mansour and G.S.A. Eisa, 2012. leaf worm Spodoptera littoralis and oleander aphid
Effect of some antioxidants on some physiological Aphis nerii. Plant Protect. Sci., 48: 131-141. 
and anatomical characters plant under .New of Snap 48. Sahab, A., A. Waly, M. Sabbour and L.S. Nawar,
bean. York Science Journal, 5(5): 231-245. 2015. Synthesis, antifungal and insecticidal potential

39. Sakr,  M.T.,  Heba  M.  Abd El-Salam, Atta Marouah of Chitosan (CS)-g-poly acrylic acid) (PAA)
I. and M.A.A. Abd-El-Aal, 2013. Alleviating the nanoparticles   against   some   seed   borne  fungi
harmful effect of salinity stress on soybean plants by and  insects  of  soybean.  Int.  J.  Chem. Tech. Res.,
using some promoters. J. Plant Production, 8: 589-598.
Mansoura Univ., 4(2): 205-218. 

40. Rady, M.M. and G.F. Mohamed, 2015. Modulation of
salt stress effects on the growth, physiochemical
attributes and yields of Phaseolus vulgaris L. plants
by the combined application of salicylic acid and
Moringa oleifera leaf extract. Scientia Horticulturae,
193: 105-113.


