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ABSTRACT 
 
Phosphorus is vital to plant growth and its functions cannot be performed by any other nutrients. The 
adequate supply of P is required for optimum growth and reproduction. Phosphorus is classified as a major 
nutrient meaning that it is frequently deficient for crop production and is required by crop in relatively large 
amount. Field experiments were conducted during 2 seasons (summer 2016-2017) to investigate the effect 
of P level on growth of purslane throughout 3 stages (vegetative, flowering and fruiting). The results of this 
study revealed that, in the first season, the mean values of total leaves, axis length, leaf area, fresh weight 
of leaves and flowers number were significantly increased with increased of the level of P. In the second 
season for the three stages (vegetative, flowering and fruiting) the results revealed that numbers of 
branches, leaves in each branch and total leaves were significantly decreased when P level increased, while 
axis length, leaves area, flowers number fresh and dry weights of leaves were significantly increased with 
increasing in P level. 
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INTRODUCTION 
 
Purslane (Portulaca oleracea L.) deserves special 
attention from agriculturalists and nutritionists alike. It is a 
common weed in turf grass areas as well as in field crops 
(Uddin et al., 2009, 2010). Purslane has been studied in 
details as a prolific weed, but very little is known about its 
production as a food crop and the effects of cultural 
conditions on its nutritional value, although there have 
been some studies carried out to determine the best 
cultural conditions to obtain higher levels of fatty acids 
(Palaniswamy et al., 2001). The stems and leaves of the 
plant are succulent and edible with slightly acidic and 
salty taste similar to spinach. In this regard, purslane is 
responsible choice due to its high nutritive and 
antioxidant properties as human food, animal feed and 
medical utilization (Chu et al., 2002). Recent research 
has shown that P. oleracea is a rich source of omega-3 
fatty acids which is important in preventing heart attack 
and strengthening the immune system (Simopoulos, 
2004). Many varieties of purslane under many names 
grow in a wide range of climates and regions (Alam et al., 

2014). The life cycle of this plant completed in 2 to 4 
months (Chauhan and Johnson, 2007).  

Phosphorus is an essential component of nucleic acids, 
phospholipids and energy rich phosphate compounds, 
thus it plays crucial role in root growth, fruit and seed 
development and disease resistance. Phosphorus 
deficiency can stunt plant growth and reduce yield and 
quality. Over application of P fertilizers at rates that 
exceed crop demand will increase risk of losses from soil 
to water resources and impair water quality through 
eutrophication (Von wandruszka, 2006). Consequently, 
appropriate P management is required to maintain crop 
yield and minimize environmental impacts. Many 
previous studies have clarified different mechanisms 
involved in Pi acquisition by plants and explained the 
related mechanisms that mediate the control of P 
allocation and distribution in the plant organs (Hammond 
et al., 2004; Lambers et al., 2006; Abdolzadeh et al., 
2009). P uptake in plants like other processes occurs 
under  the   control   of   several   genes   that   eventually  
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regulate Pi homeostasis needed for chains of reactions 
involved in plant metabolism, growth and development 
(Vance et al., 2003; Franco-Zorrilla et al., 2004). 
Phosphorus participates in transferring of cellular energy, 
it is critical in plant metabolism, respiration and 
photosynthesis (Grant et al., 2001). A lack of this element 
is serious since it may prevent plants from absorbing 
other nutrients (Mengel and Kirkby, 2001). Therefore, the 
objective of this study was to evaluate the effect of 
phosphorus on Purslane growth parameters at different 
growth stages. 
 
 
MATERIALS AND METHODS 
 
The seeds of P. oleracea were selected from agricultural research 
center of Egypt and cultivated in agricultural land which situated 2 
km west of Zagazig City, Sharkia, Egypt. The agriculture was done 
in the time for the plant growth during 2 seasons (summer 2016 and 
2017). Before cultivation, land was equipped by plowing and 
leveling. 

By following the land, germination occurred after 15 days of 
sowing where one pair of leaves appeared then consequently 
growth occurred. The land was cleaned from weeds weekly. 

 Land was divided into 16 stands involving control, the area of 
each  stand  (1 m × 1 m).  Two types of plant powder (A and B), soil  
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soluble salts (100 % dissolved in water) were added to soil with 3 
weights (5, 7.5 and 10 g). The first extract (A) was from pollen grain 
of Poa annua L. carried on the seed, while the second (B) was from 
germinated pollen grain of Bubleurum lancifolium Hornem (Khedr 
and Hend, 2009).  

Each stand applied with one treatment of extracts, making 
combinations from different weights of these extracts to give 15 
treatments represent P concentrations, soil without P called control 
as shown in Table 1. Treatments were added 5 times with irrigation 
of soil during the first season and 3 times during the second, the 
concentration of P in the extract was calculated according to Khedr 
and Hend (2009). Experiment carried out in triplicate for each 
treatment of P and control. 

Plant growth parameters including number of leaves in each 
branch, number of total leaves, axis length, fresh weight of leaves, 
dry weight of leaves, leaf area and number of flowers were 
investigated weekly. 
 
 
Data analysis 
 
Data analysis was done for determination of significant effect of 
phosphorus on the growth parameters. Means and Standard 
Deviation (SD) values of variables were calculated. One-way 
ANOVA test were used for comparison between different P 
concentrations. The p-value < 0.05 was considered statistically 
significant using a mastat-c statistical analysis package (Steel et al., 
1997). 

 
 
 

 Table 1. Classification of stands with phosphorus concentrations. 
 

Stands no. Treatment P added (g) in 1st season P added (g) in 2nd season 
1 A1 (5 g of A) 4.04 6.47 
2 A2 (7.5 g of A) 6.06 9.71 
3 A3 (10 g of A) 8.09 12.94 
4 A1 + B1 (5 g of A + 5 g of B) 9.82 15.70 
5 A1 + B2 (5 g of A + 7.5 g of B) 12.70 20.33 
6 A1 + B3 (5 g of A + 10 g of B)  15.59 24.95 
7 A2 + B1 (7.5 g of A + 5 g of B) 11.84 18.95 
8 A2 + B2 (7.5 g of A + 7.5 g of B) 14.73 23.56 
9 A2 + B3 (7.5 g of A + 10 g of B) 17.69 28.16 
10 A3 + B1 (10 g of A + 5 g of B) 13.86 22.18 
11 A3 + B2 (10 g of A + 7.5 g of B) 16.75 26.80 
12 A3 + B3 (10 g of A + 10 g of B) 19.64 31.42 
13 B1 (5 g of B) 5.77 9.24 
14 B2 (7.5 g of B) 8.66 13.85 
15 B3 (10 g of B) 11.55 18.48 
16 - 0 0 

 
 
 
RESULTS  
 
Plant growth is one of the essential integral indicators of 
the plant physiological condition. Growth rates of 
purslane (P. oleracea) plants in the two seasons were 
dependent on the concentrations of P added to soil. 
Purslane parts did not exhibit any visual symptoms of P 
toxicity. Results showed that P frequently had stimulatory 
effect on plant growth. 

First season 
 
In vegetative stage, the average of the plant parameters 
of the sampled stands are presented in Table 2, the 
results showed that the lowest mean value of branches 
number (8) is attained at P concentration (14.73 g) while 
the highest mean value (19) at control. The lowest mean 
value of leaves number in each branch (7) is estimated at 
P    concentration    (4.04 g)    while   the   highest   mean  
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 Table 2. Mean values of the plant parameters in the sampled stands representing the different concentrations of P at vegetative stage during 1st season. 
 

Stand no. Branch no. Leaves in each branch no. Total leaves no. Axis length (cm) Fresh wt of leaves (g) Leaves area (cm2) Dry wt of leaves (g) 
1 15 ± 1.73 18 ± 5.560 182 ± 10.40 24 ± 2.242 0.1 ± 0 1.877 ± 0.635 0.0525 ± 0.0125 
2 15 ± 3.94 17 ± 4.760 172 ± 17.07 19.25 ± 2.217 0.05 ± 0.0163 6.302 ± 0.863 0.0287 ± 0.0103 
3 10 ± 2.16 13 ± 1.258 131 ± 6.37 21.25 ± 1.5 0.131 ± 0.1249 3.615 ± 0.683 0.0467 ± 0.03123 
4 12 ± 3.78 13 ± 6.218 140 ± 26.96 17.25 ± 3.593 0.1 ± 0 3.65 ± 0.888 0.05 ± 0.00816 
5 13 ± 2.06 8 ± 1.258 108 ± 13.30 21.75 ± 2.362 0.1 ± 0.0469 3.66 ± 1.180 0.0587 ± 0.03424 
6 13 ± 2.160 8 ± 1.258 128 ± 23.21 23.25 ± 4.645 0.0487 ± 0.0319 2.86 ± 1.070 0.0245 ± 0.0179 
7 14 ± 0.957 12 ± 1.707 144 ± 25.54 23.5 ± 4.358 0.075 ± 0 2.825 ± 0.767 0.037 ± 0.00678 
8 8 ± 3.109 7 ± 1 99 ± 49.08 13.25 ± 3.095 0.05 ± 0.0163 4.67 ± 0.537 0.0282 ± 0.0184 
9 12 ± 3.109 8 ± 2.380 135 ± 51.99 22.75 ± 3.304 0.075 ± 0 4.45 ± 0.806 0.03375 ± 0.00478 
10 13 ± 1.707 9 ± 1.707 152 ± 50.96 26 ± 4.830 0.076 ± 0.0295 5.20 ± 0.648 0.0505 ± 0.03078 
11 10 ± 3.415 11 ± 6.55 127 ± 57.789 20.75 ± 9.945 0.1 ± 0.0469 6.642 ± 0.745 0.0657 ± 0.0283 
12 13 ± 4.35 15 ± 6.601 194 ± 31.45 27.25 ± 4.787 0.1 ± 0 6.475 ± 0.727 0.06225 ± 0.0135 
13 13 ± 5.477 10 ± 4.242 149 ± 93.27 19.5 ± 3.415 0.1 ± 0.0469 4.275 ± 0.607 0.06325 ± 0.0282 
14 15 ± 7.588 9 ± 1.707 129 ± 64.76 21.25 ± 8.539 0.1 ± 0 4.69 ± 0.779 0.0525 ± 0.0104 
15 11 ± 2.986 10 ± 1.914 118 ± 38.664 23.5 ± 3.109 0.05 ± 0 4.082 ± 1.301 0.02625 ± 0.0045 
16 19 ± 9.32 12 ± 3.774 207 ± 107.509 22 ± 7.615 0.125 ± 0.0208 3 ± 1.080 0.0837 ± 0.011 
F-test Ns ** Ns * * *** ** 
P-value 0.1390 0.0023 0.1340 0.0386 0.0500 000 0.0033 
L.S.D 5.804 5.095 70.117 6.7611 0.0548 0.750 0.0285 

 
 
 
value (18) at P concentration (14.73 g).The lowest 
mean value of total leaves number (99) is attained 
at P concentration (14.73 g) while the highest 
mean value (207) at control. The lowest mean 
value of axis length (13.25 cm) is attained at P 
concentration (14.73 g) while the highest mean 
value (27.25 cm) at P concentration (19.64 g). 
The lowest mean value of fresh weight of leaves 
(0.087 g) is attained at P concentration (8.09 g) 
while the highest mean value (0.131g) at P 
concentration (15.59 g). The lowest mean value of 
leaf area (1.877 cm2) is attained at P 
concentration (4.04 g) while the highest mean 
value (6.475 cm2) at P concentration (19.64 g). 
The lowest mean value of dry weight of leaves 
(0.0245 g) is attained at P concentration (12.59 g) 
while the highest mean value (0.0837 g) at 

control. The average of the plant parameters of 
the sampled stands during flowering stage are 
presented in Table 3, the results showed that the 
lowest mean value of branches number (13) is 
attained at control while the highest mean value 
(24) at P concentration (9.82 g). The lowest mean 
value of number of leaves in each branch (8) is 
estimated at P concentration (13.86 g) while the 
highest mean value (22) at P concentration (4.04 
g).The lowest mean value of total leaves number 
(125) is attained at P concentration (11.84 g) 
while the highest mean value (322) at P 
concentration (4.04 g). The lowest mean value of 
axis length (24.5 cm) is attained at P 
concentration (14.73 g) while the highest mean 
value (33.75 cm) at P concentration (9.82 g). The 
lowest mean value of fresh weight of leaves 

(0.075 g) is attained at P concentration (15.59 g) 
while the highest mean value (0.175 g) at P 
concentrations (8.66, 9.82, 11.55 and 19.64 g). 
The lowest mean value of leaf area (1.7 cm2) is 
attained at P concentration (9.82 g) while the 
highest mean value (7.325 cm2) at P 
concentration (11.55 g). The lowest mean value of 
dry weight of leaves (0.0327 g) is attained at P 
concentration (15.59 g) while the highest mean 
value (0.0945 g) at P concentration (9.82 g). The 
lowest mean value of flowers number (15) is 
attained at P concentration (11.84 g) while the 
highest mean value (32) at P concentration (17.69 
g). The average of the plant parameters of the 
sampled stands during fruiting stage are 
presented in Table 4, the results showed that the 
lowest mean value of branches number (7) is
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Table 3. Mean values of the plant parameters in the sampled stands representing the different concentrations of P at flowering stage during 1st season. 
 
Stand 
no. 

Branches 
no. 

Leaves in each branch 
no. 

Total leaves 
no. 

Axis length 
(cm) 

Fresh wt of leaves 
(g) 

Leaves area 
(cm2) 

Dry wt of leaves 
(g) 

Flowers 
no. 

1 15 ± 3.862 22 ± 2.629 322 ± 57.56 30.5 ± 2.516 0.1 ± 0.0469 2.207 ± 0.713 0.06425 ± 0.0367 16 ± 2.986 
2 16 ± 2.986 19 ± 4.242 300 ± 90.64 31.25 ± 3.5 0.15 ± 0 1.95 ± 0.420 0.089 ± 0.0045 17 ± 2.217 
3 14 ± 3.5 14 ± 2.081 203 ± 71.43 31.5 ± 3.109 0.165 ± 0.0208 3.15 ± 1.3 0.0897 ± 0.0041 16 ± 3.774 
4 24 ± 2.645 12 ± 1.632 294 ± 57.76 33.75 ± 2.629 0.175 ± 0.0182 1.7 ± 0.571 0.0945 ± 0.0034 28 ± 2.5 
5 20 ± 2.943 15 ± 6 309 ± 156.200 28.25 ± 2.0615 0.15 ± 0.0182 2 ± 0.244 0.0797 ± 0.0038 27 ± 2.160 
6 20 ± 3.316 14 ± 3.774 291 ± 122.97 26.25 ± 1.5 0.075 ± 0 4.275 ± 0.660 0.0327 ± 0.0033 27 ± 2.986 
7 14 ± 2.160 9 ± 2.5 125 ± 50.46 28 ± 2.160 0.125 ± 0.0208 2.35 ± 0.550 0.07 ± 0.0108 15 ± 3.774 
8 19 ± 2.986 10 ± 2.645 200 ± 75.21 24.5 ± 3.415 0.15 ± 0.0182 5.025 ± 0.932 0.073 ± 0.0068 20 ± 3.696 
9 19 ± 1.825 11 ± 1.825 205 ± 30.17 32.75 ± 5.25 0.125 ± 0.0129 5.75 ± 0.7 0.0727 ± 0.0067 32 ± 4.203 
10 18 ± 1.825 8 ± 3.5 143 ± 74.36 28.25 ± 2.5 0.125 ± 0.0129 4.8 ± 0.783 0.0642 ± 0.0059 21 ± 1.914 
11 16 ± 3.366 11 ± 3.304 180 ± 89.33 29.25 ± 2.986 0.15 ± 0.0182 4.225 ± 0.865 0.0687 ± 0.0048 21 ± 3.366 
12 17 ± 4.991 13 ± 4.320 234 ± 126.43 28.5 ± 2.380 0.175 ± 0.0129 6.525 ± 0.427 0.08 ± 0.0040 18 ± 3.872 
13 15 ± 3.316 14 ± 3.415 233 ± 105.38 24.75 ± 3.403 0.15 ± 0.018 7.075 ± 0.457 0.0757 ± 0.00434 16 ± 4.349 
14 14 ± 2.581 14 ± 1.50 185 ± 27.57 29.25 ± 2.986 0.175 ± 0.0129 5.085 ± 0.638 0.0792 ± 0.0099 19 ± 2.943 
15 14 ± 2.217 12 ± 2.5 144 ± 56.93 31.25 ± 2.986 0.175 ± 0.012 7.325 ± 0.537 0.0715 ± 0.0126 24 ± 3.5 
16 13 ± 2.217 11 ± 2.943 159 ± 64.58 30.25 ± 2.629 0.1 ± 0.046 6.85 ± 0.754 0.057 ± 0.029 24 ± 2.645 
F-test *** *** *** ** *** *** *** *** 
P-value 000 000 000 0.0015 000 000 000 000 
L.S.D 3.730 3.008 85.930 4.239 0.0294 0.819 0.0183 4.077 
 
 
 
attained at P concentration (11.84 and 14.73 g) 
while the highest mean value (13) at P 
concentration (13.86 and 15.59 g). The lowest 
mean value of number of leaves in each branch 
(4) is estimated at P concentration (6.06, 11.84, 
13.86, 14.73 g and control) while the highest 
mean value (6) at P concentration (8.09, 9.82, 
16.75 and 17.69 g).The lowest mean value of total 
leaves number (29) is attained at P concentration 
(14.73 g) while the highest mean value (72) at P 
concentration (8.09 g). The lowest mean value of 
axis length (25 cm) is attained at P concentration 
(11.84 g) while the highest mean value (33 cm) at 
P concentration (12.70 g). The lowest mean value 
of fresh weight of leaves (0.0325 g) is attained at 

P concentration (12.70 g) while the highest mean 
value (0.135 g) at P concentration (8.66 g). The 
lowest mean value of leaf area (1 cm2) is attained 
at P concentration (4.04 and 15.59 g) while the 
highest mean value (2.332 cm2) at P 
concentration (12.70 g). The lowest mean value of 
dry weight of leaves (0.090 g) is attained at P 
concentration (8.66 g) while the highest mean 
value (0.12 g) at P concentration (12.70 g). 
 
 
During second season 
 
In vegetative stage, the average of the plant 
parameters of the sampled stands are presented 

in Table 5, the results showed that the lowest 
mean value of branches number (8) is attained at 
P concentration (26.80 g) while the highest mean 
value (18) at 22.18 g. The lowest mean value of 
number of leaves in each branch (2) is estimated 
at P concentration (9.71 g) while the highest mean 
value (8) at control. The lowest mean value of 
total leaves number (21) is attained at P 
concentration (9.71 g) while the highest mean 
value (134) at control. The lowest mean value of 
axis length (33.6 cm) is attained at P 
concentration (20.33 g) while the highest mean 
value (53.3 cm) at P concentration (22.18 g). The 
lowest mean value of fresh weight of leaves 
(0.115 g)  is  attained  at P concentration (23.56 g) 
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Table 4. Mean values of the plant parameters in the sampled stands representing the different concentrations of P at fruiting stage during 1st season. 
 

Stand no. Branches no. Leaves in each branch no. Total leaves no. Axis length (cm) Fresh wt of leaves (g) Dry wt of leaves (g) Leaves area (cm2) 
1 10 ± 1.258 5 ± 1.414 50 ± 19.602 29.25 ± 3.304 0.0925 ± 0.015 0.067 ± 0.012 1 ± 0 
2 10 ± 2.362 4 ± 1 45 ± 17.23 29.5 ± 3.304 0.05 ± 0 0.020 ± 0.001 1.667 ± 0 
3 12 ± 1.414 6 ± 0.816 72 ± 15.107 27.5 ± 2.0816 0.075 ± 0 0.043 ± 0.002 2.332 ± 0 
4 11 ± 1.825 6 ± 1.5 63 ± 20.98 29.25 ± 0.957 0.05 ± 0 0.0195 ± 0.001 2 ± 0 
5 12 ± 2.581 5 ± 1.258 62 ± 16.152 33 ± 4.966 0.0325 ± 0.005 0.012 ± 0.001 2 ± 0 
6 13 ± 2.986 5 ± 1.2909 69 ± 20.05 31 ± 1.825 0.095 ± 0.010 0.079 ± 0.011 1 ± 0 
7 7 ± 1.290 4 ± 0.5 32 ± 9.105 25 ± 2.943 0.0625 ± 0.005 0.042 ± 0.004 1.33 ± 0 
8 7 ± 0.957 4 ± 0.816 29 ± 8.539 26.75 ± 2.629 0.07 ± 0.00186 0.043 ± 0.009 1.33 ± 0 
9 8 ± 1.707 6 ± 0.957 47 ± 12.038 29.25 ± 3.593 0.097 ± 0.005 0.079 ± 0.010 2 ± 0 
10 13 ± 1.707 4 ± 1.414 52 ± 4.966 30.25 ± 2.629 0.075 ± 0.0129 0.043 ± 0.015 1.33 ± 0 
11 10 ± 2.081 6 ± 0.957 60 ± 15.416 25.75 ± 2.5 0.057 ± 0.0095 0.026 ± 0.006 1.667 ± 0 
12 9 ± 2.449 5 ± 1.414 43 ± 6.683 27.25 ± 1.707 0.05 ± 0 0.021 ± 9.57 1.33 ± 0 
13 11 ± 1.258 5 ± 0.957 53 ± 9.309 27.25 ± 5.560 0.0925 ± 0.015 0.076 ± 0.014 2 ± 0 
14 12 ± 3.304 5 ± 0.816 60 ± 15.695 27.5 ± 4.795 0.135 ± 0.01 0.090 ± 0.001 2.223 ± 0 
15 9 ± 1.707 5 ± 1.707 48 ± 14.545 28.25 ± 1.707 0.05 ± 0 0.021 ± 9.57 1.335 ± 0 
16 12 ± 3.109 4 ± 0.5 52 ± 8.640 31.5 ± 2.645 0.087 ± 0.0144 0.071 ± 0.017 1.33 ± 0 
F-test *** Ns *** * *** *** *** 
P-value 0.0001 0.1712 0.001 0.0382 000 000 000 
L.S.D 2.765 1.677 18.865 4.329 0.0126 0.012 0.171 

 
 
 
while the highest mean value (0.696 g) at P 
concentration (18.48 g). The lowest mean value of 
leaf area (5.14cm2) is attained at P concentration 
(12.94 g) while the highest mean value (25.53 
cm2) at P concentration (13.85 g). The lowest 
mean value of dry weight of leaves (0.051 g) is 
attained at P concentration (12.94 g) while the 
highest mean value (0.333 g) at 18.48 g.  

The average of the plant parameters of the 
sampled stands during flowering stage are 
presented in Table 6, the results showed that the 
lowest mean value of branches number (7) is 
attained at P concentration (9.71 g) while the 
highest mean value (17) at control. The lowest 
mean value of number of leaves in each branch 
(3) is estimated at P concentration (6.47, 9.71 and 

24.95 g) while the highest mean value (9) at 
control. The lowest mean value of total leaves 
number (23) is attained at P concentration (9.71 
g) whiles the highest mean value (149) at control. 
The lowest mean value of axis length (33.33 cm) 
is attained at P concentration (20.33 g and 
control) while the highest mean value (51.33 cm) 
at P concentration (22.18 g). The lowest mean 
value of fresh weight of leaves (0.12 g) is attained 
at P concentration (26.80 g) while the highest 
mean value (0.63 g) at P concentration (18.48 g). 
The lowest mean value of leaf area (6.88 cm2) is 
attained at P concentration (6.47 g) while the 
highest mean value (33.8 cm2) at P concentration 
(13.85 g). The lowest mean value of dry weight of 
leaves (0.05 g) is attained at P concentrations 

(6.47 and 12.94 g) while the highest mean value 
(0.3 g) at P concentration (13.85 g). The lowest 
mean value of flowers number (14) is attained at 
P concentration (12.94 g) while the highest mean 
value (26) at control.  

The average of the plant parameters of the 
sampled stands during fruiting stage are 
presented in Table 7, the results showed that the 
lowest mean value of branches number (6) is 
attained at P concentration (9.71 g) while the 
highest mean value (16) at control. The lowest 
mean value of number of leaves in each branch 
(2) is estimated at P concentrations (6.47, 9.71, 
15.70, 20.33 and 24.95 g) while the highest mean 
value (6) at control. The lowest mean value of 
total leaves number (12) is attained at P
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Table 5. Mean values of the plant parameters in the sampled stands representing the different concentrations of P at vegetative stage during 2nd season. 
 
Stand no. Branches no. Leaves in each branch no. Total leaves Axis length (cm) Fresh wt of leaves (g) Dry wt of leaves (g) Leaves area (cm2) 
1 10  ± 2.516 5 ± 1 48 ± 12.50 41.6 ± 2.0816 0.137 ± 0.053 0.069 ± 0.025 6.29 ± 0.864 
2 9  ± 2 2 ± 0.577 21 ± 6.55 41.6 ± 1.527 0.293 ± 0.040 0.126 ± 0.040 11.3 ± 0.665 
3 12 ± 1.527 6 ± 1 74 ± 16.74 46.6 ± 1.527 0.149 ± 0.053 0.051 ± 0.019 5.14 ± 1.031 
4 17 ± 1.527 6 ± 1 100 ± 16.74 41 ± 1 0.32 ± 0.052 0.079 ± 0.019 8.31 ± 1.069 
5 16 ± 1.527 4 ± 0.577 58 ± 14 33.6 ± 2.516 0.343 ± 0.051 0.095 ± 0.013 11.55 ± 0.698 
6 13 ± 2.0816 3 ± 0.577 34 ± 10.53 35.3 ± 2.516 0.145 ± 0.044 0.084 ± 0.009 10.8 ± 2.029 
7 14 ± 2.516 3 ± 1.527 43 ± 11.54 39.3 ± 2.0816 0.133 ± 0.049 0.082 ± 0.003 10.64 ± 1.584 
8 17 ± 1.527 3 ± 1 49 ± 12.12 47.3 ± 1.527 0.115 ± 0.022 0.073 ± 0.015 7.42 ± 0.613 
9 12 ± 1 4 ± 1.527 45 ± 20.03 41 ± 1 0.117 ± 0.024 0.059 ± 0.005 7.80 ± 1.239 
10 18 ± 1.527 6 ± 1.527 102 ± 20.10 53.3 ± 3.511 0.126 ± 0.025 0.066 ± 0.009 6.80 ± 0.694 
11 8 ± 1 5 ± 1.527 37 ± 10.59 35.6 ± 3.511 0.143 ± 0.015 0.086 ± 0.004 9.64 ± 1.611 
12 10 ± 2 6 ± 1.527 59 ± 26.02 43 ± 2 0.31 ± 0.095 0.129 ± 0.052 12.57 ± 0.597 
13 11 ± 2 3 ± 1 32 ± 5.13 48.6 ± 1.527 0.233 ± 0.056 0.097 ± 0.012 11.66 ± 1.267 
14 10 ± 1.527 7 ± 1 73 ± 16.28 49.6 ± 1.527 0.623 ± 0.161 0.296 ± 0.070 25.53 ± 3.611 
15 10 ± 1.527 4 ± 1.527 40 ± 7.50 41.3 ± 2.0816 0.696 ± 0.137 0.333 ± 0.135 25 ± 1.480 
16 17 ± 3.511 8 ± 1 134 ± 40.25 34 ± 4.582 0.433 ± 0.097 0.135 ± 0.048 13.77 ± 1.240 
F-test *** *** *** *** *** *** *** 
P-value 000 000 000 000 000 000 000 
L.S.D 3.202 1.910 29.42 3.90 0.121 0.072 2.48 

 
 
 
concentration (9.71 g) while the highest mean 
value (52) at P concentration (31.42 g). The 
lowest mean value of axis length (32 cm) is 
attained at P concentration (24.95 g) while the 
highest mean value (44 cm) at P concentration 
(22.18 g). The lowest mean value of fresh weight 
of leaves (0.067 g) is attained at P concentration 
(6.47 g) while the highest mean value (0.416 g) at 
P concentration (18.48 g). The lowest mean value 
of leaf area (7.31 cm2) is attained at control while 
the highest mean value (31.94 cm2) at P 
concentration (13.85 g). The lowest mean value of 
dry weight of leaves (0.031 g) is attained at P 
concentration (6.47 g) while the highest mean 
value (0.22 g) at P concentration (18.48 g).  

At  the  end  of  the  second season for the three  

stages (vegetative, flowering and fruiting) as 
shown in Tables 5, 6 and 7, the results revealed 
that numbers of branches, leaves in each branch 
and total leaves were significantly decreased 
when P level increased while, axis length, leaves 
area, flowers number, fresh and dry weights of 
leaves were significantly increased with increasing 
in P level. 
 
 
DISCUSSION 
 
During the vegetative stage of the first season, all 
growth indices including number of leaves in each 
branch, axis length, fresh weight of leaves and 
leaf area were significantly increased when P 

increased while, number of branches and total 
leaves were not significant (Table 2). It is well 
known that all plants exposed to different P 
concentrations showed correlated responses to 
internal P status (Lynch and Brown, 2001; 
Marschner et al., 2010). Phosphorus improves the 
root growth which has a great effect on the overall 
plant growth parameters; therefore promotion 
effect of high P level on plant growth was probably 
due to better development of root system and 
nutrient absorption (Hussain et al., 2006). 
Phosphorus is a key component of energy 
generation in plants. It is conceivable that 
increase in cell division due to P application 
results from increase in the amount of ATP growth 
centers  (Chiera et al., 2004)  which  affect growth  
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Table 6. Mean values of the plant parameters in the sampled stands representing the different concentrations of P at flowering stage during 2nd season. 
 
Stand 
no. 

Branches 
no. 

Leaves in each branch 
no. 

Total 
leaves 

Axis length 
(cm) 

Fresh wt of leaves 
(g) 

Dry wt of leaves 
(g) 

Leaves area 
(cm2) 

Flowers 
no. 

1 9 ± 1.53 3 ± 0.58 29 ± 7.55 40.67 ± 2.08 0.18 ± 0 0.05 ± 0.01 6.88 ± 0.96 15 ± 3.06 
2 7 ± 1.53 3 ± 1.53 23 ± 6.24 39.00 ± 1 0.32 ± 0.05 0.14 ± 0.04 12.55 ± 1.08 18 ± 2.65 
3 12 ± 2.08 4 ± 1.53 44 ± 18.88 43.00 ± 3 0.18 ± 0 0.05 ± 0.01 7.36 ± 1.03 14 ± 4.04 
4 16 ± 1.53 4 ± 0.58 57 ± 10.07 38.33 ± 2.08 0.3 ± 0.05 0.09 ± 0.01 11.18 ± 0.63 21 ± 4.04 
5 14 ± 1.53 4 ± 1 54 ± 7.77 33.33 ± 1.53 0.35 ± 0.06 0.14 ± 0.06 12.41 ± 0.64 25 ± 3.21 
6 13 ± 1.53 3 ± 1.15 33 ± 9.87 34.67 ± 2.08 0.17 ± 0.02 0.08 ± 0.01 7.67 ± 0.98 23 ± 3.06 
7 15 ± 1.53 4 ± 2.08 66 ± 31.47 36.67 ± 3.06 0.18 ± 0.06 0.09 ± 0.01 9.5 ± 0.5 19 ± 2.65 
8 14 ± 1.53 5 ± 1.53 66 ± 18.01 46.33 ± 1.53 0.14 ± 0.04 0.08 ± 0.01 7.66 ± 0.88 20 ± 1.53 
9 11 ± 1.53 4 ± 1 46 ± 13.65 39.00 ± 1 0.14 ± 0.04 0.06 ± 0.01 7.19 ± 0.51 24 ± 3.61 
10 16 ± 1.53 5 ± 1 78 ± 11.85 51.33 ± 3.21 0.14 ± 0.04 0.07 ± 0.01 8.07 ± 0.56 20 ± 2.52 
11 10 ± 1.53 6 ± 1.53 56 ± 22.72 38.33 ± 1.53 0.12 ± 0.02 0.09 ± 0.01 10.72 ± 0.75 21 ± 3.21 
12 11 ± 2 6 ± 1 67 ± 18.77 42.33 ± 2.08 0.29 ± 0.04 0.13 ± 0.04 11.58 ± 0.52 20 ± 2.52 
13 10 ± 1.53 5 ± 0.58 45 ± 5.03 48.67 ± 1.15 0.21 ± 0.05 0.12 ± 0.03 11.21 ± 1.09 20 ± 3.61 
14 11 ± 2.08 5 ± 0.58 60 ± 5.51 47.33 ± 1.53 0.59 ± 0.08 0.3 ± 0.03 33.8 ± 3.24 23 ± 3.06 
15 12 ± 2.08 5 ± 2.08 68 ± 33.38 43.67 ± 1.53 0.63 ± 0.08 0.27 ± 0.09 24.62 ± 1.81 22 ± 2.65 
16 17 ± 1.53 9 ± 1 149 ± 13.01 33.33 ± 2.89 0.37 ± 0.07 0.11 ± 0.04 10.09 ± 0.54 26 ± 2.08 
F-test *** *** *** *** *** *** *** ** 
P-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 
L.S.D 2.88 1.94 26.36 3.30 0.07 0.05 1.91 5.13 
 
 
 
characteristics. Zafar et al. (2011) reported that 
primary whole plant response to P addition was 
enhancement in shoot growth caused by 
increases in leaf expansion. 

The growth parameters of flowering stage of 
first season including numbers of branches, 
leaves of each branch and total leaves, axis 
length, fresh and dry weights of leaves, leaf area 
and flowers number were significantly increased 
when P increased, Table 3. The increase of P 
level in the flowering stage has vital role in cell 
division, cell elongation and stimulate early 
flowering (Singh, 2003) while, the deficiency of P 
is associated with restricted growth and 
development (Havlin et al., 2007). In this study 

increased P concentration well increased all 
growth parameters including flowers number. 
Jones (2005) indicated that the commonly 
recommended P concentration for growing plants 
in hydroponic system is 31 to 62 mg/L. Several 
investigators reported that P may act directly as a 
signal and regulate some aspects of plant P-
starvation responses such as root meristem 
activity and root hair development (Pearse et al., 
2006). The fine balance between auxin, ethylene 
and local cytokinin concentrations, their transport 
from the shoot to the root were related to P 
starvation (Hammond and White, 2008). Thus, the 
availability of phosphate ions causes resistance of 
plants to lodging, early maturity of product, higher 

quality, increase of plant growth from emergence 
to the beginning of flowering and pollination 
(Hosseinzadeh, 2005).  

The results of fruiting stage in Table 4 showed 
that numbers of branches and total leaves, axis 
length, leaf area, fresh and dry weights of leaves 
were significantly increased with increased P 
concentration while, the change in the number of 
leaves in each branch was not significant. The 
increase P content and uptake by plant (shoot and 
seeds) due to P supply compared to the control is 
associated with greater and extensive root system 
developed by Purslane. A large root system 
provides greater root-soil contact and thereby 
higher  uptake  of  soluble  P  in  the  vicinity of the  
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Table 7. Mean values of the plant parameters in the sampled stands representing the different concentrations of P at fruiting stage during 2nd season. 
 
Stand no. Branches no. Leaves in each branch no. Total leaves Axis length (cm) Fresh wt of leaves (g) Dry wt of leaves (g) Leaves area (cm2) 
1 7 ± 1.527 2 ± 0.577 18 ± 8.144 38.3 ± 1.527 0.067 ± 0.006 0.031 ± 0.010 8.58 ± 0.660 
2 6 ± 1.527 2 ± 1 12 ± 5.29 33 ± 3.605 0.210 ± 0.036 0.120 ± 0.026 22.3 ± 2.0816 
3 10 ± 1 3 ± 1.527 27 ± 16.25 39.6 ± 0.577 0.074 ± 0.005 0.052 ± 0.010 10.51 ± 1.030 
4 13 ± 2.0816 2 ± 1.154 23 ± 18.82 38 ± 2 0.19 ± 0.0435 0.107 ± 0.014 17.48 ± 1.021 
5 12 ± 1 2 ± 1.154 27 ± 12.50 32.3 ± 3.21 0.216 ± 0.076 0.133 ± 0.047 18.40 ± 1.509 
6 12 ± 1 2 ± 0.577 27 ± 5.56 32 ± 2.645 0.075 ± 0.015 0.043 ± 0.014 9.5 ± 1.802 
7 12 ± 1.154 3 ± 2.0816 37 ± 21.38 36.3 ± 3.511 0.100 ± 0.009 0.072 ± 0.014 12.34 ± 1.461 
8 13 ± 1 4 ± 0.577 47 ± 5.03 42.6 ± 3.055 0.089 ± 0.009 0.049 ± 0.005 9.75 ± 0.806 
9 10 ± 1 3 ± 0.577 23 ± 8.50 35.3 ± 2.516 0.079 ± 0.013 0.037 ± 0.010 8.39 ± 0.948 
10 12 ± 1.527 4 ± 0.577 43 ± 8.66 44 ± 3.605 0.073 ± 0.013 0.039 ± 0.005 8.51 ± 0.500 
11 9 ± 1 4 ± 2.0816 40 ± 22.36 39.3 ± 2.0816 0.085 ± 0.005 0.055 ± 0.005 10.62 ± 0.600 
12 10 ± 1.154 5 ± 1 52 ± 15.17 39.3 ± 3.055 0.183 ± 0.030 0.116 ± 0.037 22 ± 2 
13 7 ± 0.577 3 ± 1.547 22 ± 7.21 42.3 ± 2.0816 0.107 ± 0.014 0.073 ± 0.013 13.21 ± 0.968 
14 8 ± 0.577 4 ± 1.547 30 ± 8.50 42 ± 2.645 0.293 ± 0.011 0.153 ± 0.037 31.94 ± 4.724 
15 11 ± 1.154 4 ± 0.577 41 ± 1.527 41.3 ± 1.527 0.416 ± 0.028 0.220 ± 0.036 23.63 ± 1.660 
16 16 ± 1 6 ± 1.154 34 ± 4 34 ± 4 0.313 ± 0.032 0.060 ± 0.012 7.31 ± 0.928 
F-test *** ** * *** *** *** ** 
P-value 000 0.0028 0.0172 000 000 000 000 
L.S.D 2.030 1.921 20.56 4.434 0.0451 0.039 2.918 

 
 
roots and such larger contact is especially 
important for uptake of P. These results are in 
accordance with the previous studies such as 
(Abbasi et al., 2008; Chiezey and Odunze, 2009) 
indicating that P supply is important in attaining 
high yields in beans. Phosphorus being 
responsible for good root growth directly affects all 
other growth parameters. A good and optimum 
supply of P is associated with increase in root 
growth due to which plant explore more soil 
nutrients and moisture this lead to increase all the 
growth parameters of purslane. These results are 
in accordance with the previous studies such as Li 
et al. (2010) and  Johnston et al. (2006) indicating 
that celery above-ground fresh weight, dry shoot 
biomass and leaf area were  significantly  reduced  

at low P treatments as a result of P deficiencies. 
 
 
Conclusion  
 
Phosphorus is vital to plant growth and is found in 
every living plant cell. It is involved in several key 
plant functions, including energy transfer, 
photosynthesis, nutrient movement within the 
plant and transformation of sugars and starches. It 
was concluded that phosphorus has stimulatory 
effect on the growth of purslane, the increase in 
the level of P during different growth stages 
(vegetative, flowering and fruiting) resulted in a 
significant increase in leaf area, axis length, and 
number of flowers, fresh and dry weights of 

leaves. Phosphorus was very important factor for 
the growth of purslane in all growth stages. 
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