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ABSTRACT 
 

Field experiments were carried out during 2015 and 2016 seasons at the Agricultural 
Experimental Station of Desert Research Center, Toshka Region. The main objected was to study the 
effect of different sowing dates (A1=15th April, A2=15th May and A3=15th June), two sowing methods 
(B1=broadcasting method and B2=drilling method), phosphorus fertilizer at three levels (C1=0 
(untreated), C2=30 and C3=60 kg P2O5 fed-1) and their interaction on the vegetative growth, production 
of forage yield, quality attributes and phosphorus agronomic efficiency (PAE) of clitoria Clitoria 
ternatea plants.  
The obtained results can be summarized as follows: 
1- The results indicated that the sowing of clitoria on 15th May gave the highest values for all 

characters of vegetative growth, forage yield and quality. It recorded 6.30 ton fed-1 and 2.05 ton 
fed-1 for total fresh forage and dry forage yields, respectively. 

2- Drilling sowing method surpassed in plant height (87.22 and 91.51 cm), No. of leaves plant-1 (64.29 
and 83.31), leaf: stem ratio (1.70 and 1.15), No. of branches plant-1 (8.91 and 11.08 plant-1), No. of 
plants m-2 (93.70 and 102.71 plant), total fresh forage yield (5.97 ton fed-1) and quality in both 
cuttings compared with broadcasting sowing method. 

3- Application of phosphorus level at 30 kg P2O5 fed-1 gave the highest values for all studied 
characters, except the leaf: stem ratio, crude protein and fiber content in both cuttings. Phosphorus 
agronomic efficiency (PAE), application of 30 kg P2O5 fed-1 was significantly more efficient than 
60 kg P2O5 fed-1.  

4- The interaction effect among the three studied factors A x B x C recorded significant effect on No. 
of plants m-2 in the 2nd cut and dry forage yield in the 1st cut. 

 
Key words: Clitoria ternatea, sowing date, sowing method, phosphorus levels.  

 
Introduction 
 

In Egypt, animal production is suffering scarcity, due to the competition between the production 
of human food and animal feed, thus increasing food and feed productivity enhancement is the main 
target of national plans in addition to the improvement of agricultural production and quality at 
reasonable alternative sustainable agronomic practices. In this respect, the lack severity of forage 
leguminous crops production all year round and especially during summer seasons where there is a 
severe shortage of crude protein sources of satisfy the requirements of ruminant animal feeding, clitoria 
is a summer forage crop which can be cultivated in the newly reclaimed lands to get a solution to this 
problem. Clitoria ternatea L. belongs to the family Fabaceae, known as Butterfly pea (Australia), 
Kordofan pea (Sudan), is one of the most important forage legumes in tropical Asia, South and Central 
America, East and West Indies, China and Sudan. The crop is originally selected as a cover crop and 
widely planted as an ornamental on fence rows. It is adapted to a wide range of soils from sandy to 
deep loams, temperature and rainfall. It grows well in the drier areas of Kordofan in Sudan. 

Clitoria is long-lived perennial herb, can climb tall grasses, highly palatable forage legume which 
make it ideal for forage and hay making. It has vigorous growth, tolerant to frost, pressures of dry 
periods and heavy grazing. This makes it suitable for animal production and will reduce grazing 
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pressure on natural ranges. It increases soil fertility and enhances subsequent crops yields (maize, 
sorghum and wheat) when grown as green manure or ley-pasture.  

Temperature, being an index of sensible heat of the atmosphere, is the most essential parameter 
influencing the growth of the plant.  The sowing date specified for production of the crop′s success or 
failure is determined by the date of suitable agricultural factors such as temperature air and soil, bright 
sunshine and relative humidity duration differ with planting time of the crop, which ultimately 
influences the growth and forage yield of the crop. Abd El-Lattief (2011) who found that date of sowing 
was significant for growth parameters with 15 May planting and it gave the highest values compared 
to sowing dates on 15 April and 15 June. Khater (2016) noticed in a field experiment conducted on 
cluster bean (Cyamopsis tetragonloba L.) in Egypt with three dates of sowing (1st May, 15th May and 
1st June), revealed that vegetative growth, yield and chemical components in Guar plant, were 
maximum when the plants are cultivated on 1st May compared to 1st June.  

Among the modern culture practices sowing methods is imperative for boosting the growth and 
forage yield of clitoria. Sowing methods have a great role to play in increasing clitoria yield. The many 
our farmers use the old broadcast methods of sowing that had so many disadvantages that is uneven 
distribution of seeds, depth and seed lying scattered being picked up by birds. Using drilling sowing 
method encourages forage yield and its attributes as well as forage quality than broadcasting method 
(Kandil and Sharief, 2016). Sowing on ridges had a significant effect on plant density, No. of racemes 
plant-1 and No. of flowers plant-1 compared to sowing on flat (Abu elgasim and Abusuwar, 2011). 
Hanan (2004) reported that sowing on flat gave the higher forage fresh yield and slightly increased dry 
matter yield. 

Phosphorus is the essential nutrient for successful foundation of legumes as it increases growth 
and improve crop productivity. Moreover, even when P fertilizers are applied to replenish soil fertility, 
about 70 to 90 % of the P fertilizers are in their unavailable form comparing with the relatively high 
pH of the soil, P fertilizer as phosphorus phosphate with its various P2O5 levels (powder or granulated) 
are of low availability without giving any immediate consideration to crop production (Holford, 1997). 
The addition of P to Clitoria resulted in growth improvement, productivity and forage quality 
(Mohamed and Abu Suwar, 1996). So, acquisition of P fertilizer by crops depends on soil and plant 
properties. Farooq et al. (2016) showed that the result of the study revealed that the P applied to forage 
maize plants showed increased stem diameter, plant height, forage yield and forage quality like crude 
protein and crude fiber.  

The future plan of the country is to limit growing water demanding forage crops due to depleted 
ground water reservoirs. Selecting persistent less water demanding plants may be the options. Clitoria 
could be one of the species to meet such requirements. 

 Cultivation of clitoria in Egypt is relatively limited and research on the crop was limited. 
Therefore more studies are needed. In addition, farmers are not aware of most of its cultural practices 
such as date and method sowing and fertilizer requirements.  

Hence the aim of this study is to investigate the effect of dates and methods of sowing and 
phosphorus levels application on Clitoria ternatea forage yield and quality.  

 
Materials and Methods 

 
Field experiments: 

 
Tow field experiments were carried out at the agricultural experimental station of the desert 

research center, located in Toshka region. It is laying out in the part of the south valley of Egypt, about 
1300 and 280 Km. south from Cairo and Aswan, respectively on latitude 22-25° north, 31 longitude 
east and elevation 181m above the sea level. 

The treatments used in the experimental (included 54 plots) composed of three sowing dates viz.; 
A1=15 April, A2=15 May and A3=15 June, two sowing methods (B1=broadcasting and B2=drilling) and 
three levels of phosphorous fertilizer (C1=0, C2=30 and C3=60 Kg P2O5 fed-1) as a test forage legume 
(Clitoria ternatea L.). The treatments were arranged in split-split plot design with three replications. 
The sowing dates were put in the main-plots, sowing methods in the sub-plots and the levels of 
phosphorous fertilizer in sub-sub plots. 
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The preceding crop was wheat (Triticum aestivum L.) in both seasons. Plot size was 10 m2 (3m 
length × 3.5m width). Seeds were sown by first method B1 (soil preparation then clitoria seeds were 
broadcasting and compacting was done and irrigation was followed) and second method B2 (soil 
preparation then seeds were hand drilled in rows 15 cm apart rows and irrigation was followed) at a 
seed rate 15 kg fed-1. The phosphorous application {in the form of triple superphosphate (37.5%)} was 
applied to the soil in two equal splits, the first was added before the sowing irrigation and the second 
was applied before the 2nd irrigation (21 days from planting). Other fertilizer applications were based 
on soil analysis recommendations. Weeding was done three times during the growing season. Plants 
were cut after 80 days from sowing and the second cut was after 50 days later. A representative soil 
sample (0-20), (20-40) and (40-60 cm) were taken before sowing to determine some physical and 
chemical properties (Table 1). 
 
Table 1: Mechanical and chemical properties of the experimental soil site. 

Depth  
(cm) 

Particle size distribution (%) OM 
(%) 

CaCo3 

(%) 
pH 1:1 

EC 
ds m-1 

TDS 
Mg l-1 Sand Silt Clay Texture class 

0 - 20 89.36 4.42 6.23 Sandy 0.51 8.7 7.58 0.46 256 
20 - 40 91.19 4.16 4.64 Sandy  0.37 10.0 7.30 0.36 230 
40 - 60 93.76 3.04 3.20 Sandy 0.45 9.6 7.25 0.40 301 

Depth  
(cm) 

Soluble ions (meq L-1) K 
Available 

(ppm) 
Cations Anions 

Na+ K+ Ca++ Mg++ Cl- CO3
-- HCO3

- SO4
-- 

0 - 20 1.5 0.2 1.9 1.1 1.8 - 1.9 1 40 
20 - 40 1.4 0.2 1.4 0.5 1.5 - 1.7 0.4 40 
40 - 60 1.4 0.2 1.7 0.7 1.4 - 1.6 1 40 

Source: WSR&CIU south valley, Toshka. 
 

The information about the weather during the growth season of clitoria plants the two seasons 
were obtained from Laboratories unit in Toshka and presented in (Table 2). 
 
Table 2: Monthly accumulative air temperature ͦ C, soil temperature ͦ C and relative humidity (%) during 2015 

and 2016 seasons. 
Seasons Summer 2015 Summer 2016 

Months 
Air 

Temperature 
Soil 

Temperature 
Relative 
Humidity 

Air 
Temperature 

Soil 
Temperature 

Relative 
humidity 

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. 
April 40.0 10.4 31.9 26.8 44.5 8.3 44.9 13.2 32.8 27.4 41.4 9.7 
May 45.6 16.7 34.6 30.3 46.5 8.4 47.1 17.0 35.0 30.9 40.0 8.1 
June 45.5 19.2 35.7 32.9 39.3 8.0 46.9 20.0 37.8 30.2 37.3 9.2 
July 44.3 21.0 37.3 33.9 39.2 9.2 45.5 21.4 39.2 30.0 40.2 8.9 
August 47.5 24.5 38.1 35.4 37.0 10.1 45.3 21.0 39.8 31.7 41.1 10.3 
September 44.1 22.1 37.1 34.8 38.8 11.2 43.4 19.5 38.5 29.6 42.6 10.8 
October 42.7 14.7 36.0 30.8 48.2 14.3 41.2 16.1 36.2 26.3 49.2 16.2 
November 33.3 12.5 31.8 27.0 55.4 16.6 35.5 11.2 32.8 22.2 58.3 17.7 
December 27.2 6.5 28.9 22.7 66.8 25.5 30.4 5.3 28.1 17.1 67.5 24.6 

 Source: Laboratories unit in Toshka. 
 

Studied parameters:  
 
 

A- Vegetative growth attributes:  
 

Ten plants were randomly selected from the inter center of each experimental plots and during 
each of the two growing seasons right before cutting for studying the following traits : plant height 
(cm), number of leaves plant-1, number of branches plant-1, leaf: Stem ratio (which estimated on fresh 
weight basis) and number of plants m-2. 
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B- Fresh and dry forage yield:  
 

One square meter from each experimental unit was randomly chosen to get fresh forage yield in 
kilogram and then converted to ton fed-1, whereas a sample was taken from the same area, oven dried 
at 70   ͦC until constant weight to obtain dry forage yield. 

 

C- Phosphorus agronomic efficiency (PAE): was calculated according to Haruna and Usman (2013): 
 

PAE =
Accumulated dry yield of F − Accumulated dry yield of C  

Fertilizer P appleid 
 kg dry forage/kg P 

 
Where, the indices of F and C denote "Fertilized crop" and "Unfertilized crop" accumulated dry 

forage yield, respectively. 
 

D- Quality of attributes:  
 

 The chemical analysis of forage quality components (on dry matter basis) included the following: 
1- Crude protein content (CP): total nitrogen percentage was determined according to the modified 

micro Kjeldahl method. Crude protein content was estimated by the following equation: 
     Crude protein (%) = N % X 6.25 (A.O.A.C., 1995). 
2- Crude fiber content(CF): was determined according to (A.O.A.C., 1995) 
 

Statistical analysis: 
 

The collected data from each experimental unit was subjected to analysis of variance (ANOVA) 
appropriate for a split-split plot design was used according to Gomez and Gomez (1984). Means 
separation was carried out using the least significance difference (LSD) range test values (p ≤ 0.05) to 
test for significant differences among treatment means of combined analysis of the two growing seasons 
2015 and 2016. 

 

Results and Discussion 
 

A- Sowing date: 
 

Effect of sowing date on growth study: 
 

The growth parameters viz., plant height, No. of leaves plant-1, leaf: stem ratio, No. of branches 
plant-1 and No. of plants m-2 were influenced significantly by dates of sowing (Table 3). Sowing date 
at A2 (15 May) gave significantly highest values of all the growth parameters followed by sowing at A1 
(15 April) and A3 (15 June). In the 1st and 2nd cuts, A2 increased plant height by (5.07 and 6.76%) and 
(5.28 and 7.58%), No. of leaves plant-1 by (6.24 and 7.97%) and (5.25 and 7.50%), leaf: stem ratio by 
(5.33 and 11.95%) and (33.01 and 44.21%), No. of branches plant-1 by (10.79 and 19.32%) and (13.73 
and 19.78%) and No. of plants m-2 by (6.62 and 8.74%) and (8.63 and 11.90%) over A1 and A3, 
respectively. Under A2 (15 May) sowing date, a favorable temperature and sunshine hour resulted in 
better growth parameters of the crop plants. The increase in temperature usually increase photosynthetic 
rates until photosystem destruction begin. Khajehpour and Naeni (2002) conducted an experiment on 
field bean in isfashan with four dates of sowing (28th April, 13th May, 28th May and 13th June) and 
observed significant increase in plant height, No. of branches in late sowing compared to early sowing. 
The results are in accordance with the findings of Yusufali (2005) on Dolichos lablab L.,Yusufali et al 
(2007) on Field bean, Abd El-lattief (2011) on Pearl millet, Deka et al. (2015) on cluster bean and 
Khater (2016) on Cyamopsis tetragonoloba L.  

 

Effect of sowing date on forage yield: 
 

Fresh forage and dry forage yield data are given is (Table 3). The statistical analysis of the data 
revealed that sowing date had significant effect on fresh and dry forage yield. Sowing at 15 May (A2) 
and 15 April (A1), recorded an increase in fresh forage yield by 23.93 and 8.55% in the first cut, 14.12 
and 4.71% in the second cut and 16.24 and 5.54% in the accumulated fresh yield compared to sowing 
at 15 June (A3), respectively. The same treatment significantly increased dry forage yield by 25.58 and 
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6.98% in the first cut, 17.05 and 3.88% in the second cut and 19.19 and 4.65% in the accumulated dry 
yield compared to A3, respectively. Higher forage yield recorded by sowing at 15 May (A2) can be 
related to significantly higher plant height (89.85 and 94.23 cm), No. of leaves plant-1 (66.22 and 84.96 
plant-1), No. of branches plant-1 (9.45 and 11.93 plant-1) and No. of plant m-2 (97.17 and 107.51 m-2). 
Since the net photosynthesis is dependent on higher amounts of photosynthates might be have been 
produced and attributed for higher forage yield in A2 sowing date. Shehu et al. (2001) concluded that 
sowing of lablab crop in August recorded significantly lower yield attributes compared to the crop sown 
in July. These results is conformity with Mass et al. (2007), Yusufali et al. (2007) and Abd El-Lattief 
(2011). 
 

Table 3: Some growth characters, forage yield and quality of clitoria (Clitoria ternatea) as influenced by sowing 
dates (Combined analysis of 2015 and 2016 seasons). 

Traits Cuttings 
Sowing date (A) 

15th April 
(A1) 

15th May 
(A2) 

15th June 
(A3) 

LSD at  
5% 

Plant height ( cm) 
First cut 85.51 89.85 84.16 0.32 
Second cut 89.50 94.23 87.59 0.22 

No. of leaves plant-1 
First cut 62.33 66.22 61.33 0.31 
Second cut 80.72 84.96 79.03 0.24 

Leaf : Stem ratio 
First cut 1.69 1.78 1.59 0.02 
Second cut 1.03 1.37 0.95 0.03 

No. of branches Plant-1 
First cut 8.53 9.45 7.92 0.11 
Second cut 10.49 11.93 9.96 0.11 

No. of  Plants m-2 
First cut 91.14 97.17 89.36 0.67 
Second cut 98.97 107.51 96.08 0.28 

Fresh forage yield  
(ton fed-1) 

First cut 1.27 1.45 1.17 0.03 
Second cut 4.45 4.85 4.25 0.06 

Accumulated fresh yield (ton fed-1) 5.72 6.30 5.42 0.07 
Dry forage yield  
(ton fed-1) 

First cut 0.46 0.54 0.43 0.01 
Second cut 1.34 1.51 1.29 0.02 

Accumulated dry yield (ton fed-1) 1.80 2.05 1.72 0.02 

Crude protein % 
First cut 20.46 20.91 20.67 0.06 
Second cut 18.99 20.11 19.69 0.02 

Crude fiber % 
First cut 21.91 23.32 22.19 0.08 
Second cut 23.95 25.32 24.42 0.11 

 

Effect of sowing date on crude protein (CP) and fiber content (CF):  
 
Date of sowing had significant influence on crude protein content. May 15th (A2) sown crop 

recorded highest crude protein content (20.91 and 20.11%) compared to A1 (20.46 and 18.99%) and A3 
(20.67 and 19.69%) sown crop in the 1st and 2nd cuts (Table 3). Similarly, effect of dates of sowing 
showed significant influence on crude fiber content, higher crude fiber content was recorded (23.32 and 
25.32%) with A2 compared to A1 (21.91 and 23.95%) and A3 (22.19 and 24.92%) in the first and second 
cuts. Higher, protein and fiber content in A2 sown crop could be attributed to higher N content and dry 
matter yield production in the plant at 1st and 2nd cutting compared to A1 sowing date. Shehu et al. 
(2001) showed that late sowing resulted in increased crude protein and reduced modified acid detergent 
fiber concentration, but ash concentrations were higher in plants sown later. On the contrary, Yusufali 
(2005) showed that crude protein and fiber content were not affected by sowing date in all cutting. 
Similar results were reported by Abd El-Lattief (2011). 
 
B- Sowing methods: 
 

Effect of sowing methods on growth study: 
 

Data in Table 4 showed that sowing methods were significant on growth parameters, except Leaf: 
Stem ratio in the 1st cut. Sowing clitoria on B2 (drilling) gave the highest values of plant height by 
(87.22 and 91.51 cm), No. of leaves plant-1 by (64.29 and 83.31 plant-1), No. of branches plant-1 by 
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(8.91 and 11.08 plant-1) and No. of plants m-2 by (93.70 and 102.71 plant m-2) in the 1st and 2nd cuts, 
respectively compared to sowing on B1 (broadcasting). These results in contrast with (Abusuwar and 
Abdella, 2004) sowing in ridges relatively improved growth parameters of clitoria. In fact, B2 provides 
loose fertile soil with more aeration and moisture availability, therefore improved soil condition along 
with better uptake of nutrients might have provided a better environment to crop resulting in improved 
growth parameters. These results are in line with those of Abdella (1999) on clitoria, Absuruwar and 
Abdella (2001) on Clitoria ternatea L. and Bahaeldeen et al. (2009) on alfalfa and Kandil and Sharief 
(2016) on Egyptian clover. 

 
Table 4: Some growth characters, forage yield and quality of clitoria (Clitoria ternatea) as influenced by sowing 

methods (Combined analysis of 2015 and 2016 seasons). 

Traits Cuttings 
Sowing methods (B) 

Broadcasting 
(B1) 

Drilling 
(B2) 

LSD at  
5% 

Plant height ( cm) 
First cut 85.79 87.22 0.22 
Second cut 89.37 91.51 0.36 

No. of leaves plant-1 
First cut 62.30 64.29 0.37 
Second cut 79.82 83.31 0.45 

Leaf : Stem ratio 
First cut 1.67 1.70 NS 
Second cut 1.08 1.15 0.04 

No. of branches Plant-1 
First cut 8.35 8.91 0.18 
Second cut 10.51 11.08 0.20 

No. of  Plants m-2 
First cut 91.40 93.70 0.53 
Second cut 98.99 102.71 0.80 

Fresh forage yield (ton fed-1) 
First cut 1.25 1.34 0.03 
Second cut 4.41 4.63 0.16 

Accumulated fresh yield (ton fed-1) 5.66 5.97 0.16 

Dry forage yield (ton fed-1) 
First cut 0.46 0.49 0.009 
Second cut 1.36 1.40 0.01 

Accumulated dry yield (ton fed-1) 1.82 1.89 0.009 

Crude protein % 
First cut 20.55 20.81 0.09 
Second cut 19.30 19.90 0.09 

Crude fiber % 
First cut 22.21 22.73 0.18 
Second cut 24.34 24.79 0.23 

 

Effect of sowing methods on forage yield:      
 
Table 4 showed that the effect of sowing methods on forage yield (fresh and dry) was significant 

at all cuttings. The maximum fresh forage yield (1.34 and 4.63 ton fed-1) was observed in the sowing 
method B2 compared to the sowing methods B1 (1.25 and 4.41 ton fed-1) in the 1st and 2nd cuts, 
respectively. These indicate that drill interface offered an optimum niche for germination, later on 
nutrients uptake and consequently vegetative and generative growth and development. The decrease in 
fresh yield in the sowing method B1 can be attributed to greater competition among crop plants. Ahmed 
(1978) reported that sowing by drilling method increased growth and yield of clitoria in heavy clay 
soils. In contrast with the findings of Hanan (2004) on maize, Bahaeldeen et al. (2009) on alfalfa and 
Ahmad et al. (2012) on maize. The result of dry yield gave similar trend as in fresh yield. A significant 
difference in dry yield among sowing methods was observed at both cuttings. The maximum dry yield 
(0.49 and 1.40 ton fed-1) was obtained by sowing methods B2 as compared to sowing methods B1 that 
was (0.46 and 1.36 ton fed-1) in both cuttings, respectively. The variation in dry yield among sowing 
methods might be attributed to efficient utilization of resources by crop plants. Bahaeldeen et al. (2009) 
on alfalfa, Ahmad et al. (2012) on maize and Kandil and Sharief (2016) on Egyptian clover supported 
these results.  
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Effect of sowing methods on crude protein (CP %) and fiber content (CF %): 
 
The reading of crude protein content (CP %) and crude fiber content (CF %) showed in Table 4 

significant differences among the sowing methods. Sowing methods B2 gave the higher CP (20.81 and 
19.90 %) and CF (22.73 and 24.79%) in the 1st and 2nd cuttings, respectively. This results might be due 
to the better plant distribution in the field which reflected on best condition of space, light, air and high. 
Ahmad et al. (2012) on forage maize and Kandil and Sharief (2016) on Egyptian clover supported these 
trends. On the contrary, Hanan (2004) reported that crude protein and fiber content no significant 
response to sowing methods. 
 
C- Phosphorus fertilizer: 
 
Effect of phosphorus levels on growth study: 

 
Table 5 show the effect of phosphorus on growth parameters of clitoria. Addition of 30 kg P2O5 

fed-1 (C2) produced significantly higher plant height (88.14 and 91.95 cm), No. of leaves plant-1 (64.46 
and 83.83), No. of branches plant-1 (9.11 and 11.31 plant-1) and No. of plants m-2 (94.77 and 103.67 
plant m-2) compared with the control treatment (C1) and 60 kg P2O5 fed-1 (C3) in the 1st and 2nd cut, 
respectively. While the highest value of Leaf to stem ratio resulted from control treatment (C1). Ibrahim 
et al. (1996) found that addition phosphorus up to 200 kg P2O5 result in a significant increase in No. of 
plant m-2, No. of branches plant-1 and weight of leaves in clitoria. Phosphorus enhances the root and 
cell elongation, leaf extension and photosynthesis efficiency per unit of chlorophyll and helps in cell 
division, translocation and respiration process. These results supported by the findings of EL-saidy and 
Nassar (2003) on Clitoria ternatea, Abusuwar and Abdella (2004) on clitoria, Singh et al. (2007) on 
cowpea, Saad (2012) on berseem and Farooq et al. (2016) on forage maize. On the contrary Nawal 
(2001) and Manal (2009) who showed that the effect of phosphorus application on all growth attribute 
in clitoria was not significant. 
 
Table 5: Some growth characters, forage yield and quality of clitoria (Clitoria ternatea) as influenced by 

phosphorus levels (Combined analysis of 2015 and 2016 seasons). 

Traits Cuttings 
Phosphorus levels  Kg fed-1 ( C ) 

0.0 
(C1) 

30 
(C2) 

60 
(C3) 

LSD at  
5% 

Plant height ( cm) 
First cut 84.72 88.14 86.65 0.23 
Second cut 88.77 91.95 90.61 0.23 

No. of leaves plant-1 
First cut 62.34 64.46 63.08 0.26 
Second cut 79.83 83.83 81.04 0.35 

Leaf : Stem ratio 
First cut 1.77 1.67 1.61 0.03 
Second cut 1.20 1.11 1.03 0.02 

No. of branches Plant-1 
First cut 7.99 9.11 8.80 0.08 
Second cut 10.17 11.31 10.91 0.11 

No. of  Plants m-2 
First cut 89.98 94.77 92.91 0.25 
Second cut 97.34 103.67 101.54 0.34 

Fresh forage yield (ton fed-1) 
First cut 1.23 1.37 1.28 0.02 
Second cut 4.34 4.75 4.46 0.03 

Accumulated fresh yield (ton fed-1) 5.57 6.12 5.74 0.05 

Dry forage yield (ton fed-1) 
First cut 0.45 0.51 0.47 0.003 
Second cut 1.33 1.45 1.36 0.006 

Accumulated dry yield (kg fed-1) 1780 1960 1830 9.0 
PAE (kg kg-1) - 6.00 0.92 0.82 

Crude protein % 
First cut 20.37 20.64 21.03 0.07 
Second cut 17.82 20.35 20.62 0.05 

Crude fiber % 
First cut 24.64 21.70 21.08 0.10 
Second cut 25.77 25.30 22.63 0.09 
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Effect of phosphorus levels on forage yield:   
 
Application of phosphorus fertilizer showed significant effect on fresh forage yield. Treatment 

with 30 kg P2O5 fed-1 significantly increased fresh forage yield by 11.38 and 7.03% in the 1st cut, 9.45 
and 6.50% in the 2nd cut compared to application C1 and C3, respectively. Clitoria being a leguminous 
crop is expected to respond positively to phosphorus fertilization. The addition of phosphorus fertilizer 
significantly increase fresh forage yield in clitoria 19.38% compared to the control (Bakhashwain and 
Elfeel, 2012). Abdalla (1999) who reported that phosphorus application increased fresh forage yield in 
clitoria. The high performance of phosphorus addition, increase the availability of phosphorus in the 
soil, resulting in better growth and forage yield. Mohammed (1997) on clitoria, Ibrahim et al. (1996) 
on Lubia and Phillipisara, Roy and Khandaker (2010) on sorghum and Saad (2012) on berseem. Table 
5 clarified that the effect of applied phosphorus fertilization levels was significant on dry forage yield. 
Increasing phosphorus level from 0 (untreated) to 30 kg P2O5 fed-1 increased dry yield by 13.33 and 
9.02% in the 1st and 2nd cuttings, respectively. Meanwhile, increasing phosphorus level 30 to 60 kg 
P2O5 fed-1 caused significant decrease in dry forage yield by 7.84 and 6.21% in first and second cuttings, 
respectively. These results might be the role of phosphorus is involved in basic plant processes which 
increase growth and dry matter. EL-Saidy and Nassar (2003) who found that phosphorus level 30 kg 
P2O5 fed-1 as soil application significant increase in growth and dry matter. Roy and Khandaker (2010), 
Saad (2012) and Farooq et al. (2016) support these trends. 
 

Effect of phosphorus levels on phosphorus agronomic efficiency, crude protein (CP %) and fiber 
content (CF %): 

 
Agronomic efficiency of P fertilizer which applied to clitoria indicated that application of 30 kg 

P2O5 fed-1 was more efficient (with an efficiency values of 6.00 kg kg-1) compared to any other applied 
levels of phosphorus (Table 5). Use of 30 kg P2O5 fed-1 resulted in the highest PAE and decreased as P 
level increased to 60 kg P fed-1 which indicate that no more P fertilizer is needed to raise the maximum 
efficiency of P fertilization. Haruna and Usman (2013) reported that PAE in cowpea decreased as level 
of fertilizer P increased up to 60 kg P ha-1. EL-Ghamry et al. (2009) on cowpea support these results. 
Crude protein (CP) content was influenced significantly by the application of P fertilizer. There was 
significant different for CP of clitoria at difference P levels and a dose of 60 kg P2O5 fed-1 gave the 
maximum CP (21.03 and 20.62) in 1st and 2nd cuttings, respectively, followed by treatment of 30 kg 
P2O5 fed-1. This might be attributed to increase CP due to higher P fertilizer addition. Improved contents 
of CP may be due to the enhanced early growth rate and improved N uptake by plants with higher level 
P application. The results are in contrast with the findings of Kundu et al. (2015) who found that 
application of P at the rate of 90 kg ha-1 on fodder ricebean gave the maximum CP (12.94%). 
Bakhashwain and Elfeel (2012) on clitoria, Roy et al. (2015) on sorghum, Seif and saad (2015) on 
summer forage legumes and Farooq et al. (2016) on forage maize. Crude fiber (CF) content was 
decreased significantly with the increased level of P up to 60 kg fed-1 in both cuttings. Previous works 
also indicated a significant effect on CF of fodder cuttings with the application of 80 kg P ha-1 (Virender 
and Narwal, 2001). Similar results were reported by EL-Houssini and Abd-Alla (2004) who reported 
that CF content was significantly decreased from 16.01 to 14.55% with the increasing P application 
rates (Table 5). 

 
D- Significant interaction effects: 

 
Data presented in Table (6) showed that the plant height in the 1st cut and No. of plants m-2 in the 

2nd cut of clitoria were significantly by the interaction between sowing dates and sowing method. 
Clitoria sown by drill method at 15th May gave the highest plant height (90.84 cm) in the first cut and 
No. of  plants m-2 (110.29 plant) in the second cut compared to those sown as broadcast. Significant 
interaction occurred between sowing date and sowing method tested in two cuttings. Table (6) indicated 
that the highest values for dry forage yield (0.55 and 1.52 ton fed-1) in two cuttings and accumulated 
dry yield (ADY) (2.07 ton fed-1) were obtained for A2B2 and lowest from A3B1. 
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Table 6: Effect of interaction between sowing date and sowing method on plant height (1st cut), No. of plants m2 
(2nd cut), dry forage yield (1st and 2nd cuttings) and accumulated dry yield of clitoria plants (combined 
analysis of 2015 and 2016 seasons). 

Treatment Plant 
height (cm) 

No. of 
plants m-2 

Dry forage 
Yield(ton fed-1) Accumulated dry 

yield(ton fed-1) A x B 

Sowing date Sowing method 1st cut 2nd cut 1st cut 2nd cut 

A1: 15st April 
B1:Broadcasting 84.83 97.48 0.44 1.32 1.76 
B2: Drilling 86.18 100.47 0.49 1.36 1.85 

A2: 15st May 
B1:Broadcasting 88.86 104.72 0.53 1.50 2.03 
B2: Drilling 90.84 110.29 0.55 1.52 2.07 

A3: 15st June 
B1:Broadcasting 83.67 94.78 0.41 1.27 1.68 
B2: Drilling 84.64 97.38 0.44 1.31 1.75 

L.S.D at 5% 0.16 0.57 0.007 0.008 0.009 
 
Data in Table (7) showed that the growth parameters and crude protein (CP) of clitoria were 

significantly affected by interaction among sowing date and applied phosphorus. The sowing date of 
15st May (A2) with the application of 30 kg P2O5 fed-1 (C2) gave the highest values of growth parameters 
such as plant height (92.05 cm) in the 1st cut and No. of plants m-2 (100.05 and 111.53 plants) in two 
cuttings, respectively. The result of crude protein (CP) gave similar trend as in growth parameters.  The 
sowing date 15th May (A2) and C1 untreated (0 kg p2O5 fed-1) gave the highest values for leaf to stem 
ratio (1.57) and CF (26.02 and 26.65%) in the 1st and 2nd cuttings, respectively. The combined effect of 
sowing date and phosphorus levels had a significant effect on dry forage yield and (ADY) in two 
cuttings. The highest values of dry forage yield (0.58 and 1.56 ton fed-1) and ADY (2.14 ton fed-1) were 
recorded by A2C2 and the lowest for A3C1.       

 
Table 7: Effect of interaction between sowing date and phosphorus levels on plant height (1st cut), leaf: stem ratio 

(2nd cut), No. of plants m-2 (1st and 2nd cuttings), crude protein (2nd cut), crude fiber (1st and 2nd cuttings), 
dry forage yield (1st and 2nd cuttings) and accumulated dry yield of clitoria plants (combined analysis of 
2015 and 2016 seasons).  

Treatment Plant 
height 
(cm) 

Leaf
: 

Ste
m 

ratio 

No. of plants 
m-2 

Crude 
protei

n 

Crude 
Fiber 

Dry forage 
Yield(ton 

fed-1) 

Accumula
ted dry 
yield 

(ton fed-1) 
A x C 

Sowing date 
P-levels 
(kg fed-1) 

1st 
Cut 

2nd 
cut 

1st 
cut 

2nd 
Cut 

2nd 
Cut 

1st 
Cut 

2nd 
Cut 

1st 
Cut 

2nd 
cut 

A1: 15th April 
C1: 0.0 83.90 1.07 89.02 95.92 17.60 23.85 25.17 0.44 1.29 1.73 
C2: 30 85.63 0.98 91.45 99.97 19.55 21.27 24.60 0.50 1.41 1.91 
C3: 60 86.98 1.03 92.95 101.03 19.83 20.62 22.10 0.45 1.32 1.77 

A2: 15th May 
C1: 0.0 87.06 1.57 93.90 102.85 17.70 26.02 26.65 0.52 1.48 2.00 
C2: 30 92.05 1.20 100.05 111.53 21.18 22.27 26.17 0.58 1.56 2.14 
C3: 60 90.43 1.33 97.55 108.13 21.45 21.68 23.13 0.53 1.50 2.03 

A3: 15th June 
C1: 0.0 83.18 0.97 87.03 93.27 18.15 24.05 25.48 0.41 1.22 1.63 
C2: 30 83.88 0.93 89.72 96.53 20.32 21.57 25.13 0.46 1.38 1.83 
C3: 60 85.40 0.96 91.32 98.43 20.58 20.95 22.65 0.42 1.27 1.69 

L.S.D  at 5% 0.40 0.03 0.43 0.59 0.12 0.17 0.15 0.005 0.01 0.03 
 

As presented in Table (8) it is clear that plant height, No. of leaves plant-1 and No. of plants m-2 of 
both sowing methods responded to 30 kg P2O5 fed-1. On the other hand direction sowing method drilling 
had more plant height, No. of leaves plant-1 and No. of plants m-2 than that of sowing method 
broadcasting under all P levels. Sowing clitoria in drilling with 30 kg P2O5 fed-1 recorded the highest 
plant height ( 93.37 cm), No. of leaves plant-1 (65.82) and No. of plants m-2 (105.00 plants), the lowest 
values were achieved with sowing clitoria in broadcasting and no P fertilization. The interaction effect 
of sowing method and phosphorus levels had a significant effect on dry forage yield and ADY in two 
cuttings. The highest values for dry forage yield (0.53 and 1.46 ton fed-1) and ADY (1.99 ton fed-1) 
were recorded by B2C2 and the lowest from B1C1.   
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Table 8: Effect of interaction between sowing method and phosphorus levels on plant height (2st cut), No. of 
leaves plant-1 (1st cut), No. of plants m-2 (2nd cut), dry forage yield (1st and 2nd cuttings) and accumulated 
dry yield of clitoria plants (combined analysis of 2015 and 2016 seasons).   

Treatment 
Plant 
height 
(cm) 

No. of 
leaves 
plant-1 

No. of 
plants 

m-2 

Dry forage 
Yield(ton fed-1) 

Accumulate
d dry yield 
(ton fed-1) 

B x C 

Sowing method 
P-levels 
(kg fed-1) 

2nd 
Cut 

1st 
Cut 

2nd 
cut 

1st 
cut 

2nd 
Cut 

B1: Broadcast 
C1: 0.0 88.08 61.62 95.14 0.44 1.32 1.76 
C2: 30 90.53 63.10 102.33 0.50 1.43 1.93 
C3: 60 89.50 62.18 99.50 0.45 1.35 1.80 

B2: Drill 
C1: 0.0 89.44 63.06 99.54 0.47 1.34 1.81 
C2: 30 93.37 65.82 105.00 0.53 1.46 1.99 
C3: 60 91.72 63.99 103.59 0.49 1.38 1.87 

L.S.D at 5% 0.32 0.44 0.48 0.004 0.009 0.03 
 

Regarding the interaction effect among sowing dates and sowing methods and applied P levels 
had significant effect on No. of plants m-2, Fig.(1). The greatest value of  No. of plants m-2 ( 112.97 
plants), was obtained from sowing clitoria at 15th May (A2) and by drilling method (B2) with 30 kg P2O5 
fed-1 (C2). Meanwhile, the lowest value of  No. of plants m-2 (91.33 plants), resulted from A3B1C1.     

 
Fig. 1: The effect interaction between sowing dates, sowing method and phosphorus levels on No. of plants m-2 

of clitoria in the 2nd cut (combined analysis of 2015 and 2016 seasons). 
  
The interaction among three factors showed significant effect on dry forage yield illustrated in 

Fig. (2). The highest value of dry forage yield (0.59 ton fed-1) resulted from clitoria planted at 15th May 
(A2) by drilling method (B2) and fertilized by 30 kg P2O5 fed-1 (C2). Whereas, the lowest value of dry 
forage yield was obtained from of A3B1C1.  

Finally, it could be recommended that sowing clitoria at 15th May with drilling method with 30 kg 
P2O5 fed-1 is appropriate and best under Upper Egypt conditions (Toshka). 
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Fig. 2: The effect interaction between sowing dates, sowing method and phosphorus levels on dry forage yield of 

clitoria in the 1st cut (combined analysis of 2015 and 2016 seasons).  
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