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ABSTRACT 
 

This study was conducted during the winter seasons of 2012/2013 and 2013/2014 at El-Khattara Experimental 
Farm, Fac. Agric., Zagazig Univ., Sharkia Governorate, Egypt, to select the suitable dose of mineral nitrogen fertilizer 
and the optimum algae extract concentration to minimize the quantity of mineral N fertilizer as well as maximizing yield 
and improving seeds quality of pea plants grown under sandy soil conditions.This experiment included twelve treatments 
which were the combinations between three rates of mineral nitrogen fertilizer (50, 75 and 100% of  recommended 
mineral N rate ) and four concentrations of algae extract (0,5, 10 and 15% W/V). The results showed that spraying pea 
plants with algae extract at 10 or 15 % increased significantly the vegetative growth characters and yield and its 
components as well as seed content of nitrogen, phosphorus and protein  content as well as leaf chlorophyll content 
compared to the other algae extract concentrations. Also, fertilizing pea plants with 75 and 100 % of  the nitrogen 
recommended rate (NRR) enhanced significantly plant growth, yield and its components as well as seeds quality 
compared to fertilizing with 50% of NRR. The recommended 75 and 100 % NRR combined with foliar application  with 
10 or 15% algae extract were the favourable interaction treatments for maximizing yield and improving seeds quality 
without significant differences among them. 
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Introduction 

Pea (Pisum sativum L.) is one of the most important legumes vegetable which being widely consumed in many 
countries and it is a predominant export crop in world trade. It is grown primarily for edible pods owing to its nutritional 
value (Baloch, 1994). 

Nowadays, increasing productivity of pea green pods with high quality is considered an important aim that could 
be achieved through using the foliar application of some natural stimulant materials. 

Nitrogen has many functions in plant life. Being responsible for the biosynthesis of enzymes, nucleoproteins, 
amino acids, protein, sugars, polypeptides, chlorophylls and encourage cell division (Marschner, 1995). In this respect, 
nitrogen fertilizer increased plant growth of pea plants (Achakzai and Bangulzai, 2006; Erman et al., 2009;  El-Desuki et 
al., 2010), leaf chlorophyll content and yield and its components (Ayub et al., 2011 on bean; Danesh et al., 2012 on 
cucumber plants). 

Algae are classified into three groups; namely green, brown and red based on their pigments. Different forms of 
algae have been reported to produce beneficial effects on some vegetable crops (Abdel-Mawgoud et al., 2010). They are 
a natural bio active materials rich in minerals, protein, lipids, carbohydrates, vitamins and microelements (Co, B, Mo, Zn, 
Cu). In addition, seaweed fertilizer aunique combination of N, P, K, trace elements and simple sugar that are in dissolved 
forms that are easily absorbed through roots and leaves besides releasing trace elements bound to the soil (Chapman and 
Chapman, 1980) and it is safe to human, animals and the environment (Sathya et al., 2010). 

The chemical analysis of Spirulina platensis which was used in this study showed that the protein content 
58.2% of its dry weight, carbohydrates represented 23.2-24.5% of its dry weight and essential minerals which 
found in it with range 2.7-3% and may reach 7% of spirulina dry weight, Spirulina platensis is a rich source of 
potassium and contains considerable amount of Ca, Cu, Fe, Mg, Mn, P and Zn( Marrez et al., 2014). 

Algae extract foliar application were recommended for increasing the growth parameters of  potato 
(Awad et al., 2006), tomato( Nour et al., 2010), green gram( Pramanick et al., 2013) and garlic plants ( Shalaby 
and El-Ramady, 2014), Photosynthetic pigments (Hegazi et al., 2010 and Latique et al., 2013 on bean plants; 
Arafa et al., 2011 on potato plants and Abo El-Yazied et al.,2012 on snap bean), number of pods per plant and 
total yield(Zodape et al., 2010 on green gram; Sarhan et al., 2011 on cucumber ; Mohsen, 2012 on garlic plants). 

Reduction of chemical fertilizers became very important due to increasing their prices, also less ground 
water pollution as well as for human health (Gawish et al., 2012). 

The present work was undertaken to minimize the mineral nitrogen fertilizer application rates by using 
foliar application of natural  algae extract for maximizing yield and improving seed quality of pea plants under 
sandy soil conditions. 
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Materials and Methods  

This experiment was carried out during the two successive winter seasons of 2012/2013 and 2013/2014 at 
El-Khattara Experimental Farm, Fac. of Agric., Zagazig Univ., Sharkia Governorate, Egypt, to study the effect 
of foliar spray with different algae extract concentrations and nitrogen fertilizer rates on growth and yield and  
its quality of pea plants. 

The experimental soil was sandy in texture and chemical properties were: organic matter 0.07 and 0.06 %; 
available N 8.80 and 7.72(ppm); available P 3.34  and 3.75(ppm); available K 9.74  and  9.32(ppm); pH 8.09  
and  8.03 and E.C. 2.05 and  2.15 mmhos/cm in the first and second seasons, respectively.  

This experiment included twelve treatments which were the combinations of three levels of nitrogen 
fertilizer rates; i.e., (50, 75 and 100% of recommended N rate of pea plants) and four concentrations of algae 
extract (0, 5,10 and 15% W/V). The treatments were arranged in a split plot design with three replicates. Where, 
nitrogen fertilizer rates were randomly arranged in the main plots and the concentrations of algae extract were 
randomly distributed in the sub plots. Each plot (14.4 m2) contained four dripper lines with 6 m length and 60 
cm between each two dripper lines. Pea seeds (Master B cv.) were  inoculated with root nodules bacteria 
(Rhizobium leguminosarum) and sown on 30th October in both seasons on both sides of dripper lines on hills at 
7 cm between each two hills. 

 
Preparation of Algae Extract 

    The used  algae in the present study Spirulina platensis is a photosynthetic and multicellular blue green 
microalgae which grows in wide range fresh, marine and brackish water (Marrez et al., 2014). The fresh algae 
material (One kg.) was cutted into small pieces and weighted. The sample was extracted using blender. The 
blended material was filtered through a double layered of muslin cloth to remove debris and designated as 100%  
and different used concentrations in this study were prepared by adding tap water and refrigerated between 0 - 4 
ºC until use (Pise and Sabale, 2010). The source of algae fresh (Algal Biotechnology Unit, NRC, Egypt). 

 The plants were sprayed with algae extract after 30 and 45 days from  sowing and the untreated plants 
(check) were sprayed with tap water. 

The nitrogen recommended rate (NRR) for pea plants was 200 kg ammonium sulphate per feddan. The 
three tested rates of nitrogen fertilizer were 50,75 and 100% of  recommended N rate and 100 kg potassium 
sulphate (48-52% K2O) were divided into three equal  portions and added to each plot after sowing. Calcium 
superphosphate (16-18% P2O5) fertilizer was added at a rate of 300 kg/ feddan, half  of the amount was added 
during soil preparation with farmyard manure (at a rate of 20m3/feddan), the rest amount of phosphate fertilizer 
was added in the form of phosphoric acid (22.5 kg P2O5/ feddan) with irrigation water through drip irrigation 
system at the same time of nitrogen and potassium fertilizer application. The normal agricultural practices were 
followed in this district. 

 
Data Recorded 
 
Plant Growth Measurements  

A random sample of five plants from each experimental unit was taken at 60 days after sowing for 
measuring the vegetative growth parameters; i.e., stem length (cm.), number of both leaves and branches/plant. 
After that, the plants from each treatment was dried at 70°Ctill constant weight, then  total dry weight/plant (g) 
was recorded. 

 
Leaf Chlorophyll Content 
    At 60 days after sowing, total chlorophyll was determined in the fourth upper leaf (three readings per leaf at 
different places) using chlorophyll meter (SPAD502, Osaka, Japan) which estimate SPAD value  according to 
the method of  Castelli et al. (1996). 
 
Yield and Its Components 
    A random sample of twenty pods from each experimental unit, from the second harvest, was randomly taken 
to determine average pod weight(g), number of seeds per pod, weight of 100 seeds (g), pod length and pod 
width. 
     Green pods of each plot were continuously harvested at suitable maturity stage, counted and weighted then 
the following data were recorded:    
1. Average number of pods /plant = Number of pods  per plot/ Number of plants per plot. 
2. Green pod yield/ feddan (it was calculated as sum of all harvests per plot, then converted to yield/ feddan). 
    
Seed Chemical Constituents 
     Seeds from the second harvest were dried in an oven at 60°C till constant weight. It finely grinded and 
digested, then nitrogen, phosphorus and potassium percentages were determined (on dry weight basis) according 
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to the methods advocated by Bremner and Mulvaney (1982), Olsen and Sommers (1982), and Jackson (1970), 
respectively. 
Total carbohydrate (%): It was determined (on dry weight basis) according to the methods described by Dubois 
et al. (1956).  
Total protein (%): It was determined as nitrogen content and converted to protein % by multiplying N% by 
6.25. 
Total soluble solids (T.S.S.): A random sample of pea was taken (from the second harvest) from each plot and 
used to determine total soluble solids by Carle Zeis Refractmeter.  
 
Statistical Analysis 

All the obtained data were subjected to statistical analysis of variance according to Snedecor and Cochran 
(1980) and means separation were done  by L.S.D.at 0.05 level of probability.  

 

Results and Discussion  

 Plant Growth 
Effect of nitrogen rates 

It is apparent from data in Table 1 that different nitrogen rates both influenced significantly the plant 
growth characters; i.e., stem length, number of leaves and branches/plant as well as the total dry weight of pea 
plant during the two seasons compared to control, except number of branches/ plant in the second season.  

Application of 100 % nitrogen recommended rate (NRR) recorded the highest values of the 
abovementioned traits and proved superior to 75 and 50 % NRR. The differences in plant growth characters due 
to application of 100 % and 75 % NRR were not significant  in most cases, except number of branches in the 
first season and number of leaves/ plant in the second season. 

The stimulative effect of nitrogen on different plant growth parameters may owe much to that nitrogen is 
an essential element for building up protoplasm, amino acids and protein which promote cell division. Also, 
nitrogen plays a vital contribution in several biochemical processes related to plant growth (Marschner, 1995). 

 
Table1: Effect of nitrogen and algae extract rates on vegetative growth characters of pea plants (at 60 days after sowing) during winter 

seasons of 2012/2013 and 2013/2014 
Total dry 

weight/plant 
(g) 

No. of 
branches / 

plant 

No. of 
leaves / 

plant 

Stem 
length 
(cm) 

Total dry 
weight/ 
plant (g) 

No. of 
branches/ 

plant 

No. of 
leaves / 

plant 

Stem 
length 
(cm) 

             Characters 
 

 
Treatments 

Second season First season   
Nitrogen rates  (NRR)* 

1.14 b 1.08 a 11.47 b 44.56 b 1.05 b 1.08 b 11.12 b 47.73 b 50 % 
1.22 ab 1.35 a 12.14 b 48.54 a 1.18 ab 1.25 b 12.87 ab 48.73 ab 75 % 
1.38 a 1.54 a 13.69 a 48.12 ab 1.37 a 1.86 a 14.45 a 53.60 a 100 % 

Algae extract rates (W/V)** 
0.97 c 1.11 b 9.48 c 41.59 c 0.86 b 1.14 b 10.55 d 42.01 c 0% 
1.22 b 1.22 ab 11.25 b 44.21 bc 1.07 b 1.33 ab 11.72 c 44.64 c 5% 
1.35 a 1.44 ab 14.44 a 48.91 ab 1.41 a 1.33 ab 13.77 b 54.22 b 10% 
1.45 a 1.52 a 14.58 a 53.58 a 1.44 a 1.77 a 15.22 a 59.22 a 15 % 

*(NRR) = Nitrogen recommended rate (200 Kg ammonium sulphate),    **(W/V) = Weight/ volume.  
 Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 

 
These results are in accordance with those obtained by Achakzai and Bangulzai, 2006; Erman et al., 2009; 

El-Desuki  et al., 2010. They concluded that application of nitrogen to pea plants increased significantly 
vegetative growth characters; i.e., stem length, number of leaves/plant and total dry weight. 

 
Effect of algae extract 

Foliar application of algae extract concentrations; i.e., 10 or 15% weight/ volume (W/V) increased 
significantly plant growth characters; i.e., stem length, number of  leaves and total dry weight /plant compared 
to control. (Table 1) 

The maximum values in this respect were recorded with 10 or 15 %  with no significant difference between 
them, except stem length and number of leaves/plant in the first season. Though, the abovementioned growth 
parameters were not significantly affected by foliar application of algae extract up to 5%  in both seasons in 
most cases. 

The use of algae extract increased significantly total dry weight/plant at higher concentrations (10% and 
above) and reached maximum at 15 % algae extract compared to control or 5 % (W/ V). 

The enhancement effect of algae extract on pea plant growth characteristics may be attributed to the auxin 
content of the algae extract which has an effective role in cell division and enlargement. This leads to increase 
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the shoot growth, leaves number, and plant dry weight (Gollan and Wright 2006). Spirulina platensis is a rich 
source of potassium  and contains considerable amounts of Ca, Cu, Fe, Mg, Mn, P and Zn(Marrez et al., 2014), 
which have a great role in cell division and enlargement and induce the photosynthesis and this in turn reflected 
on a great shoot growth (Lopez et al. 2008). It also contains macronutrients (N, P and K) which are very 
essential for growth and development of the plant (Chapman and Chapman, 1980; Attememe, 2009). These 
results may explain the great benefits of algae extract on supplementing pea plants with their requirements from 
organic and mineral nutrients. 

These results are in conformity with those reported by El-Aidy et al., 2002 on sweet pepper; Awad et al., 
2006 on potato; Nour et al., 2010 on tomato ; Sarhan et al., 2011 on cucumber; Latique et al., 2013 on bean ; 
Shalaby and El- Ramady, 2014 on garlic plants. 

 
Effect of the interaction  

Data in Table 2 reveal that the interaction between different nitrogen rates and algae extract reflected 
significant effect on stem length, number of both leaves and branches/ plant as well as total dry weight per plant. 
Application of 100% NRR along with 5,10 and 15 % of algae extract recorded the maximum number of 
branches /plant and total dry weight/ plant, but it found statistically at par with 75% NRR with 10 and 15 % 
algae extract in the two seasons. 

 
Table 2: Effect of the interaction between nitrogen and algae extract rates on vegetative growth characters of pea plants (at 60 days after 

sowing) during winter seasons of 2012/2013 and 2013/ 2014 
Total dry 

weight/plant 
(g) 

No. of 
branches 

/ plant 

No.of 
leaves / 

plant 

Stem 
length(cm) 

Total 
dry 

weight/ 
plant(g) 

No. of 
branchs/ 

plant 

No. of 
leaves / 

plant 

Stem 
length(cm 

                                      
Characters 
 

 
Treatments 

Second season First season   

0.81 f 1.00 b 8.00 g 41.41 cd 0.64 e 1.00 c 8.66 d 38.43 e 0% 

A
lg

ae
 e

xt
ra

ct
 r

at
es

 (
W

/V
)**

 50 % N 

N
it

ro
ge

n 
ra

te
s 

 (
N

R
R

)*  

1.13 de 1.16 ab 10.75 ef 42.83 bcd 0.91 de 1.00 c 10.00 cd 43.83 cde 5% 

1.29 bcd 1.16 ab 14.00 abc 45.41 bcd 1.33 ab 1.33 bc 11.66 c 49.00 bc 10% 

1.35 abc 1.00 b 13.16 bcd 48.58 abcd 1.31 abc 1.00 c 14.16 b 59.66 a 15 % 

0.94 ef 1.00 b 9.33 fg 42.33 bcd 0.83 de 1.00 c 11.50 c 40.61 de 0% 

75 % N 
1.10 de 1.00 b 10.50 ef 44.83 bcd 0.94 cde 1.00 c 9.83 cd 41.66 de 5% 

1.37 ab 1.66 ab 14.00 abc 50.33 abc 1.42 ab 1.00 c 14.00 b 54.66 ab 10% 

1.46 ab 1.75 a 14.75 ab 56.66 a 1.54 a 2.00 ab 16.16 a 58.00 a 15 % 

1.15cd 1.33 ab 11.11 def 41.02 d 1.13 bcd 1.44 bc 11.50 c 47.00 cd 0% 

100%  N 
1.43ab 1.50 ab 12.50 cde 44.97 bcd 1.37 ab 2.00 ab 15.33 ab 48.43 bc 5% 

1.40ab 1.50 ab 15.33 a 51.00 ab 1.48 ab 1.66 abc 15.66 ab 59.00 a 10% 

1.55 a 1.83 a 15.83 a 55.50 a 1.48 ab 2.33 a 15.33 ab 60.00 a 15 % 

*(NRR) = Nitrogen recommended rate (200 Kg ammonium sulphate), **(W/V) = Weight/ volume.   
 Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 

 

The interaction treatment of 100% NRR proved as good as 75% NRR when combined with 10 or 15 % 
algae extract and these interaction treatments found significantly superior to rest of combination treatments 
regarding stem length and number of leaves per plant. These results were similarly of that reported by Gawish et 
al., 2012 on potato. Also, Thirumaran et al., 2009 on okra  and Hegazi et al., 2010  on common bean found that 
using blue green algae extract with low levels of  mineral nitrogen showed positive significant effects on 
vegetative growth. 
 
Yield and Its Components 
Effect of nitrogen rates 

Data in Table 3 show that nitrogen rates caused a significant increase in all yield and yield traits of pea 
plants. 

Application of 100 and 75% NRR increased significantly number of pods, total yield/plant and total yield / 
feddan over 50% NRR, except number of  pods per plant in the first season. The increase in total yield of pea 
plant supplemented with nitrogen fertilizer may be due to the availability of mineral nitrogen to pea plant root, 
which ultimately resulted in better root growth and increased mineral  absorption that lead to increase number of 
pods/plant and this in turn increased total yield.  

These results are in harmony with those obtained by Ngwu, 2005 on cowpea; Achakzai and Bangulzai, 
2006; Erman et al., 2009; El-Desuki et al., 2010 on pea; Ayub et al., 2011.on bean and Danesh et al., 2012 on 
cucumber plants. 
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Effect of algae extract  

Spraying pea plants with algae extract at different concentrations increased significantly all studied yield 
parameters; i.e.,  number of pods, total yield/ plant as well as total yield per feddan, (Table 3). Since pea plants 
received 10 or 15 % algae extract were characterized by the highest values of  number of pods, total yield /plant 
and per feddan as compared to less value of these traits obtained with control plants.  

The increment of pea plant yield may be due to the increase in plant growth parameters (Table 1) which lead 
to increase the number of pods/plant that reflected on yield per plant and total yield /feddan. The increase in the 
number of pods per plant that sprayed with algae extract might be due to its role in increasing leaves and 
branches number per plant and total dry weight per plant (Table 1). 

 
Table 3: Effect of nitrogen and algae extract  rates on total green pod yield and its components of pea plants during winter seasons of 

2012/2013 and 2013/2014 
Number of 
pods/plant 

Yield 
(gm/plant) 

Total yield 
(Ton/feddan) 

Number of 
pods/plant 

Yield 
(gm/plant) 

Total yield 
(Ton/feddan) 

Characters 
Treatments 

Second season First season  
Nitrogen rates  (NRR)* 

4.26 b 29.64 b 2.85 b 5.09 b 32.27 b 3.05 b 50 % 
5.36 a 38.52 a 3.69 a 5.32 ab 36.68 a 3.52 a 75% 
5.58 a 38.40 a 3.73 a 5.76 a 39.13 a 3.73 a 100 % 

Algae extract rates (W/V)** 
4.52 b 29 37 b 2.85 b 4.98 b 29.52 c 2.83 b 0% 
4.64 b 32.75 b 3.17 b 4.82 b 33.75 b 3.20 b 5% 
5.44 a 39. 47 a 3.79 a 5.77 a 39.52 a 3.76 a 10% 
5.67 a 40.48 a 3.90 a 6.01 a 41.32 a 3.93 a 15 % 

*(NRR) = Nitrogen recommended rate(200 Kg ammonium sulphate)     **(W/V) = Weight/ volume.  ) 
Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 

 
Bhonde et al., 1992 on onion; Hamed, 1997 on sweet pepper; Al- Saaberi, 2005 on lettuce ; Awad et al., 2006 
on potato; Nour et al., 2010 on tomato; Zodape et al., 2010;Sarhan et al., 2011 on cucumber; Mohsen, 2012 on 
garlic plants and Paramanick et al., 2013 on green gram, found similar results regarding to algae extract foliar 
application on  improving total yield  in different vegetable crops.  

 The stimulative effect of algae extract might be attributed to that it contains trace elements and plant growth 
hormones (required for plant regulator) and high levels of organic matters and fatty acids available to plant 
which enhances yield parameters (Crouch and Van Staden, 1994;  Erulan et al., 2009). 

 
Effect of the interaction  

It is evident from the data in Table 4 that the interaction between nitrogen rates and algae extract was 
significant in its effect on total yield and yield traits in both seasons of study. 

 The interaction of 75% and100% NRR combined with 10 or 15 % algae extract were the best interaction 
treatments which recorded the highest values of total yield/plant and per feddan with no significant differences 
among them in the two seasons of study. 

Similar results regarding the favourable effect of the interaction between nitrogen fertilizer and algae extract 
on yield and its components were obtained by Riley, 2002; Gholve et al., 2004; Thirumaran et al., 2009; Hegazi 
et al., 2010; Ezzat et al., 2011.They found that algae extract with (33%, 50% or 75% of  the recommended dose 
of nitrogen) or in the absence of chemical fertilizers gave equivalent results of nitrogen full dose in different 
studied crops. 

The favourable effect of the interaction between nitrogen fertilizer and algae extract on yield and its 
components were also obtained by Jeannin et al., 1991;  Ruiz and Romero, 1998; Shafiei, 2005; Mahmoud et 
al., 2009 and Danesh et al., 2012. 

 
Pod Physical Characters 
Effect of nitrogen rates 

 Application of N fertilizer rates (75 and 100 % NRR) enhanced  significantly number of seeds/pod, weight 
of 100 seeds and pod width in the first season and number of seeds/pod in the second season with no significant 
differences between them when compared to application of 50% NRR. On the other hand average pod weight in 
two seasons and weight of 100 seeds, pod length as well as pod width in the second season were not 
significantly affected by different used nitrogen rates (Table 5).  

These results are in agreement with those found by Achakzai and Bangulzai, 2006 and El-Desuki et al., 
2010.They reported that pea pods quality were significantly enhanced by increasing the applied rate of nitrogen. 
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Table 4: Effect of the interaction between nitrogen and algae extract  rates on total green pod yield and its components of pea plants during 

winter seasons of 2012/2013 and 2013/2014 
Number of 
pods / plant 

Yield 
(gm/plant) 

Total yield 
(Ton/feddan) 

Number of 
pods / plant 

Yield 
(gm/plant) 

Total yield 
(Ton/feddan 

              Characters 
Treatments 

Second season First season   

4.11 c 22.98 e 2.30 e 4.72 de 25.38 f 2.43 e 0% 

A
lg

ae
 e

xt
ra

ct
 r

at
es

 (
W

/V
)*

*  50 
% 

N
it

ro
ge

n 
ra

te
s 

 (
N

R
R

)*  

4.01 c 26.97 de 2.59 de 4.69 de 29.93 ef 2.87 de 5% 
4.31 c 33.36 cd 3.20 cd 5.27 cd 37.12 bcd 3.46 cd 10% 
4.60 c 35.23 bc 3.33 bc 5.69 abc 36.67 bcde 3.43 cd 15 % 
4.52 c 33.09 cd 3.17 cd 4. 36 cde 31.32 def 3.00 cde 0% 

75 
% 

4.83 bc 35.91 abc 3.44 bc 4.40 e 34.13 cde 3.27 cd 5% 

5.99 ab 41.35 ab 3.97 ab 5.73 abc 38.19 abc 3.66 abc 10% 
6.10 ab 43.75 a 4.20 a 6.14 ab 43.09 ab 4.13 ab 15 % 
4.92 bc 32.04 cd 3.07 cd 5.19 cde 31.87 cdef 3.06 cde 0% 

100
% 

5.09 abc 35.37bc 3.50 bc 5.37 bcd 37.19 bcd 3.47 bcd 5% 
6.02 ab 43.71 a 4.20 a 6.30 a 43.26 ab 4.15 a 10% 
6.31 a 42.46 ab 4.17 a 6.20 a 44.20 a 4.24 a 15 % 

*(NRR) = Nitrogen recommended rate(200 Kg ammonium sulphate) , **(W/V) = Weight/ volume 
Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 
 
Table 5: Effect of nitrogen and algae extract  rates on physical characters of pea pods during winter seasons of 2012/2013 and 2013/2014 

Pod 
width 
(cm) 

 

Pod 
length 
(cm) 

 

No. of 
seeds / 

pod 
 

Weight 
of 100 

seeds(g) 

Average 
pod 

weight(g
) 

Pod 
width 
(cm) 

 

Pod 
length 
(cm) 

 

No. of 
seeds / 

pod 
 

Weight 
of 100 

seeds(g) 

Average 
pod 

weight(g) 

Characters 
 
 

Treatments 

Second season First season  

Nitrogen rates  (NRR)* 
1.15 a 10.00 a 7.33b 46.70 a 6.39a 1.16 b 10.12 a 7.25 b 49.10 b 5.74 a 50% 
1.22 a 10.04 a 8.04 ab 46.67 a 6.64 a 1.20 ab 10.20 a 8.16 a 52.15 a 6.16 a 75% 
1.19 a 10.20 a 8.58 a 48.29 a 6.36 a 1.24 a 10.29 a 8.33 a 51.53 ab 6.18 a 100% 

Algae extract rates (W/V)** 
1.03 c 9.16 c 6.77 b 42.00 b 5.43 c 1.02 a 9.22 c 6.66 c 44.16 c 5.02 b 0% 
1.21 b 10.11 b 7.77 ab 44.51 b 6.41 b 1.27 a 10.00 b 7.66 bc 48.60 b 6.07 a 5% 
1.24 ab 10.55 a 8.83 a 50.67 a 6.72 ab 1.23 a 11.05 a 8.55 ab 55.82 a 6.39 a 10% 
1.27 a 10.50 

ab 
8.55 a 51.70 a 7.29 a 1.27 a 10.55 ab 8.77 a 55.12 a 6.61 a 15 % 

*(NRR) = Nitrogen recommended rate(200 Kg ammonium sulphate),            **(W/V) = Weight/ volume.  
 Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 
 

Effect of algae extract 
Data in Table 5 reveal that average pod weight, weight of 100 seeds, number of seeds/pod, pod width and 

pod length were significantly increased due to algae extract foliar application, except the pod width in the first 
season. Spraying pea plants with 10 or 15 %, in general, increased average pod weight, weight of 100 seeds, 
number of seeds/pod, pod width as well as pod length with no significant differences between the two tested 
concentration; i.e., 10 and 15 % (W/V). In addition, treating pea plants with all tested algae extract (5,10 and 15 
%)  increased significantly average pod weight in the first season and  number of seeds/pod in the second season 
compared to control.  

These results are in agreement with those reported by Danesh et al. (2012) on cucumber plants. 
 

Effect of the interaction  
Data presented in Table 6 show that the interaction between nitrogen rates and algae extract concentrations 

had a significant effect on all studied pod characters, except pod width which did not significantly affect by the  
interaction treatments in the two seasons. It is obvious from the data that application of 100 ,75 and 50% NRR 
combined with 10 or 15 % algae extract, in general, gave the highest values of 100 seeds weight,  number of 
seeds/pod and pod length in both seasons of study. So, the physiological activities as photosynthesis and 
providing plants by nutrition could be the reasons for increasing pod physical characters. 

Similar results were reported by Waseem et al., 2008; Anicia et al., 2009; Jilani et al., 2009; Mahmoud et 
al., 2009; Eifediyi and Remison 2010 and Danesh et al., 2012. 
 
Seeds Chemical Composition and Total Chlorophyll in Pea Leaves 
Effect of nitrogen rates 

Data in Table 7 show that application of nitrogen fertilizer at 75 or 100% of NRR to pea plants increased 
significantly nitrogen and protein percentage in pea seeds compared to 50 % NRR. Whereas, potassium, 
carbohydrate and TSS in pea seeds were not significantly affected by nitrogen fertilizer at 75 and 100 % of NRR 
compared to 50 % NRR. Application of 100% NRR to pea plant increased significantly phosphorus percentage 
in pea seeds compared to NRR at 75 % or 50 %.  
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Similar results were also obtained with those reported by El-Desuki et al. (2010). They found that the pea 

pod content of N, P and total protein were significantly increased by increasing nitrogen rates. 
Also the same data indicate that application of nitrogen fertilizer at 75 or 100% NRR to pea plants increased 

significantly total chlorophyll content in leaf tissues pea. 
 

Table 6: Effect of the interaction between nitrogen and algae extract rates on physical characters of pea pods during winter seasons of 
2012/2013 and 2013/2014 

Pod 
width 
(cm) 

 

Pod 
length 
(cm) 

 

No. of 
seeds / 

pod 
 

Weight 
of 100 

seeds(g) 

Average 
pod wt.(g) 

Pod 
width 
(cm) 

 

Pod 
length 
(cm) 

 

No. of 
seeds/pod 

 

Weight of 
100 

seeds(g) 

Average 
pod wt.(g) 

    Characters 
 

Treatments 

Second season First season  

1.00 a 8.50 d 6.66 c 42.66 cd 5.29 f 0.96 a 8.83 d 6.33 de 42.83 f 4.96 cd 0% 

A
lg

ae
 e

xt
ra

ct
 r

at
es

 (
W

/V
)*

*  

50% 

N
it

ro
ge

n 
ra

te
s 

 (
N

R
R

)*  1.13 a 10.33 abc 7.33 abc 44.26 cd 5.76 cdef 1.20 a 10.16 abc 7.00 cde 47.00 def 5.72 bcd 5% 
1.26 a 10.83 a 7.66 abc 49.30 ab 6.78 abcd 1.20 a 11.16 a 8.00 abcd 53.33abcd 6.07 abcd 10% 
1.23 a 10.33 abc 7.66 abc 50.56 a 7.73 a 1.30 a 10.33 ab 7.66 bcde 53.23 abcd 6.20 abcd 15 % 
1.05 a 9.00 d 6.66 c 40.33 d 5.48 ef 1.00 a 9.16 cd 6.00 e 44.33 ef 5.20 bcd 0% 

75% 
1.32 a 10.16 abc 7.33 abc 43.86  cd 6.86 abc 1.36 a 10.16 abc 8.00 abcd 50.16 bcde 6.39 abc 5% 
1.26 a 10.33 abc 9.50 a 51.16 a 7.11 ab 1.23 a 10.83 a 9.00 ab 57.46 a 6.57 ab 10% 
1.25 a 10.66 ab 8.66 abc 51.33 a 7.10 ab 1.20 a 10.66 ab 9.66 a 56.63 ab 6.47 ab 15 % 
1.05 a 10.00 bc 7.00 bc 43.00 cd 5.53 def 1.10 a 9.66 bcd 7.66 bcde 45.33 ef 4.90 d 0% 

100
% 

1.20 a 9.83 c 8.66 abc 45.40 bc 6.61 abcde 1.26 a 9.66 bcd 8.00 abcd 48.63 cdef 6.11 abcd 5% 
1.20 a 10.50 abc 9.33 ab 51.56 a 6.27 bcdef 1.26 a 11.16 a 8.66 abc 56.66 ab 6.53 ab 10% 
1.33 a 10.50 abc 9.33 ab 53.20 a 7.05 ab 1.33 a 10.66 ab 9.00 ab 55.50 abc 7.18 a 15 % 

*(NRR) = Nitrogen recommended rate(200 Kg ammonium sulphate) ,     **(W/V) = Weight/ volume .  
Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 
References 
 
Table7: Effect of nitrogen and algae extract rates on the chemical constituents of seeds and total chlorophyll content in pea leaves during 

winter seasons of 2013/2014 

Total chlorophyll 
SPAD value 

T.S.S% Carbohydrate % Protein% K% P% N% 

             Characters 

Treatments 

Nitrogen rates  (NRR)* 
46.51 c 14.08 a 48.87 a 22.31 b 2.97 a 0.36 b 3.57 b 50% 

49.68 ab 14.25 a 50.24 a 23.75 a 3.00 a 0.37 b 3.80 a 75% 
50.99 a 14.66 a 50.42 a 24.39 a 2.98 a 0.44 a 3.90 a 100% 

Algae extract rates (W/V)** 
43.03 c 13.55 b 50.83 a 22.10 c 3.04 a 0.30 c 3.53 c 0% 
48.82 b 14.77 a 50.18 a 22.80 bc 2.99 a 0.39 b 3.65 bc 5% 
51.81 a 14.55 a 51.04 a 24.49 ab 2.87 a 0.41 ab 3.92 ab 10% 
52.58 a 14.44 ab 47.33 a 24.55 a 3.02 a 0.46 a 3.92 a 15 % 

*(NRR) = Nitrogen recommended rate (200 Kg ammonium sulphate) ,               **(W/V) = Weight/ volume.   
Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 

 
Effect of algae extract 

Foliar application of 10 or 15 % algae extract increased significantly nitrogen, phosphorus, protein and T.S.S 
percentages in pea seeds. On the other hand, application of different algae extract concentrations to pea plants 
did not reflect any significant effect on potassium and carbohydrate percentages in pea seeds (Table 7). 

These results are in harmony with those reported by Awad et al., 2006 on potato; Abou El-Khair et al., 2010 
on garlic and Hegazi et al., 2010 on bean. They found that spraying plants with blue green algae extract showed 
increases in N and P percentages. The effect of algae extract on improving biochemical characters of seed  
protein content was reported by (Jagannath et al., 2002 on chick pea;  Zodape et al., 2010 on green gram and 
Latique et al., 2013 on bean plants. It is obvious from the same data in Table 7 that the foliar application of 10 
or 15 %  algae extract increased significantly total chlorophyll content in pea leaf tissues with no significant 
difference between them.  

The obtained results are in good accordance with that previously recorded by Arafa et al., 2011 on potato; 
Abo El-Yazied et al., 2012 and Latique et al., 2013 on bean plants . 

This increase in chlorophyll content seemed to be a result of reduction in chlorophyll degradation, which 
might be caused in part by betaines in the seaweed extract (Whapham et al., 1993). Also Thomas(1996) reported 
that algae extract contains cytokines which induce the physiological activities and increase total chlorophyll in 
plants. This will positively reflect in the activity of  photosynthesis and the synthesized materials which will 
positively reflect on shoots characteristics 
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Effect of the interaction 

Data presented in Table 8 show that  nitrogen, phosphorus, protein and T.S.S percentages in pea seeds were 
significantly influenced by the interaction between N rates and algae extract concentrations. While, potassium 
and carbohydrate percentage of pea seeds were not affected by such interaction treatments.  

It is obvious from the same data that application of 100% NRR to pea plants combined with 5, 10 or 15 % 
algae extract recorded  the highest nitrogen and protein percentages in pea seeds, followed by fertilizing plants 
with 75 % NRR combined with algae extract at 10 or 15 %. Application of 100%  NRR combined with 5, 10 
and 15 % algae extract gave the higher percentages of  P  percentage in pea seeds, but remained at par with the 
75% NRR combined with10 or 15 % algae extract. In addition, application of 50% NRR combined with 15% 
algae extract gave also the same value which recorded with the highest levels of  both nitrogen and algae 
extract. 

Also data presented in Table 8 show that total chlorophyll content in leaf tissues of  pea plants was 
significantly influenced by the interaction between N rates and algae extract foliar application. It is obvious 
from the same data that application of 75 or 100 NRR combined with 10 or 15 % algae extract, in general, gave 
the highest values of total chlorophyll. Also, application of 100%  NRR combined with 5 %  algae extract gave 
the higher total chlorophyll in leaf tissues. These results are in agreement with those reported by Prasanna et al., 
2008 and Thirumaran et al., 2009.They found that using algae extract with nitrogen chemical fertilizers gave 
maximum values of chlorophyll. 
 
Table 8: Effect of the interaction between nitrogen and algae extract rates on chemical constituents of seeds and total chlorophyll content in 

pea leaves during winter seasons of 2013/2014 
Total 

chlorophyll 
SPAD value 

T.S.S% 
Carbohydra

te % 
Protein% K% P% N% 

                                       Characters 
 
Treatments 

40.30 e 13.00 c 51.08 a 21.39 d 3.00 a 0.30 ef 3.42 d 0% 

A
lg

ae
 e

xt
ra

ct
 r

at
es

 (
W

/V
)**

 50 % 

N
it

ro
ge

n 
ra

te
s 

 (
N

R
R

)*  

49.16 bc 14.00abc 47.00 a 22.72 bcd 3.05 a 0.37 bcde 3.63 bcd 5% 
47.73cd 15.00 ab 52.92 a 22.34 cd 2.86 a 0.38 bcde 3.57 cd 10% 
48.86 bc 14.33 abc 44.48 a 22.80 bcd 2.97 a 0.40 abcd 3. 65 bcd 15 % 
44.13 de 13.66 bc 50.31 a 22.31 cd 2.99 a 0.27 f 3.57 cd 0% 

75 % 
44.23 de 15.33 a 53.73 a 22.31 cd 2.97 a 0.33 def 3.57 cd 5% 
54.43 a 14.00 abc 50.46 a 25.28 abc 2.87 a 0.41 abcd 4.04 abc 10% 
55.93 a 14.00 abc 46.47 a 25.12 abc 3.15 a 0.46 ab 4.02 abc 15 % 

44.66 cde 14.00 abc 51.12 a 22.60 cd 3.14 a 0.35 cdef 3.61 cd 0% 

100 % 
53.06 ab 15.00 ab 49. 80 a 23.39 abcd 2.94 a 0.47 ab 3.74 abcd 5% 
53.26 ab 14.66 ab 49.74 a 25.85 a 2.89 a 0.44 abc 4.13 a 10% 

52.96 ab 15.00 ab 51.05 a 25.72 ab 2.95 a 0.50 a 4.11 ab 15 % 
*(NRR) = Nitrogen recommended rate(200 Kg ammonium sulphate),           **(W/V) = Weight/ volume.   

Values having the same alphabetical letter(s) in each column did not significantly different  according to L.S.D at 0.05 of  probability. 
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