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ABSTRACT 
A field experiment study was carried out during two successive seasons during 2018 and 2019 in El-
shamia cactus pear orchard about eight years old grown in sandy soil under drip irrigation system 
from well at Abu Ghaleb area, "Cairo-Alexandria desert" road about 50km from Cairo, Egypt. The 
study was a factorial experiment with two factors i.e. the first factor consisted of 3 rates of nitrogen 
(120, 140 and 160g/plant/year) and the second one involved 3 rates of potassium (100, 120 and 140 
g/plant/year) arranged in a randomized complete block design with four replicates for each treatment 
and each replicate was represented by one plant. Obtained results showed that nitrogen fertilization 
rates and potassium fertilization rates and their interactions improved yield and fruit quality traits. 
Obtained results indicate that nitrogen and potassium fertilization rates and their combinations had no 
effect on juice volume per fruit. Generally, nitrogen fertilizer at 160g/plant combined with potassium 
at 140g /plant proved to be the most efficient treatment in enhancing the previously mentioned studied 
traits. However, nitrogen fertilization rates and potassium fertilization rates as well as their 
combination had a significant effect on net profit and investment ratio. Shortly, 160g/plant combined 
with potassium at 140g/plant attained the highest value of total revenue per feddan, net profit per 
feddan and investment ratio. Besides, this treatment is raising the net income farmer under this 
condition 
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1. Introduction 

Cactus pear (Opuntia ficus-indica L.) is commonly known as prickly pear. It belong the 
cactaceae family. It used as food and as sources of antioxidants. It has an excellent nutritional value 
(Kuti, 2004; Feugang et al., 2006 and Asma et al., 2017). It plays an important role in feeding 
ruminant species. Moreover, it is moisture source for animals during drought periods in arid and semi-
arid areas (Arba et al., 2002). Cactus pear fruit has medicinal properties especially in traditional 
systems from time immemorial (Leem et al., 2016 and Gouws et al., 2019). Furthermore, cactus pear 
has high adaptability to versatile conditions especially stress conditions (Nefzaoui & Ben Salem 2002 
and Nobel 1994). Cactus pear cultivation is one of the crops with a high economic return and low 
production cost. It is also used as a barrier fence or as a windbreak and sand dune stabilization. It 
plays a decisive ecological role in slowing down the rate of soil degradation; combating erosion and 
desertification. These differentiations make it as a favorable fruit for marginal land. It is 
recommended for resource limited farmers and can grow in poor soil conditions in a way that is not 
suitable for other types of fruit trees (Nobel and Zutta, 2007). Therefore, its cultivation is successful in 
sandy lands with limited water resources. The most widely grown cultivar of cactus pear in Egypt is 
El-shamia and Farola. Cactus pear is different in its nutritional requirements than other fruit trees. It is 
cultivated in the intensive cultivation system about 300-500 plants/feddan. There is no information on 
ways to produce optimal fruit yield in cactus pear (Zegbe et al., 2014). Currently, there is expansion 
of cultivation in the new reclamation areas, and cactus pear needs more studies, especially nutrition 
with nitrogen and potassium to enhanced productivity and fruit quality. Thus, in order to reach the 
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maximum production potential, it needs adequate techniques of fertilization management, indicated as 
significant factor to obtain high yields. Cactus pear has great potential of absorption of soil nutrients. 
Also, the decrease in farm productivity over time is due to reduced soil fertility (Dubeux et al., 2006). 
Furthermore, cactus pear deserves further research for suggesting mineral fertilization programs to the 
cactus pear growers. Furthermore, Stewart et al., (2005) mentioned that fertilizers with N, P and K 
alone or in combination improved yield by 30-50%. Moreover, minerals fertilization increased yield 
and fruit quality (Silva et al., 2012). In this respect, Claassens and Wessels (1997) reported that 
fertilization with nitrogen and phosphorus improved fruit yield and fruit quality of cactus pear plants. 
On the other hand, Arba et al., (2017) pointed out that nitrogen and phosphorus fertilizers 
significantly induced positive effects on yield and fruit quality, mainly the fruit size which is an 
important criterion in the marketing of fruit of cactus pear. Furthermore, Mimouni et al., (2013) 
illustrated that nitrogen, phosphorus and potassium fertilizer increased yield of cactus pear. In 
addition, Zegbe et al., (2014) mentioned that fertilization with NPK improved yield and it enhanced 
fruit size. And the application of (90 N–30P–30K kg/ ha) and (90N–60 P–60K kg/ha) enhanced fruit 
quality, mainly fruit size of cactus pear. It really important to know the quantities of nitrogen and 
potassium for cactus pear plant to improvement fertilization program to induced better yield. In 
addition, cactus pear needs an appropriate fertilization program for obtaining the maximum yield of 
cactus pear. Therefore, the purpose of this work is to evaluate the effect of nitrogen rates and 
potassium rates as well as their interaction on fruit yield and fruit quality as well as on net profit and 
investment ratio of El-shamia cactus pear. 
 

2. Materials and Methods 
 

Following a prior trial in 2017, an experiment was established during two successive seasons of 
2018 and 2019 in the cactus pear orchard located on Abu Ghaleb area, "Cairo-Alexandria desert" road 
about 50 km from Cairo, Egypt. Eight years old cactus pear plants (Opuntia ficus-indica L.) cv. El-
shamia cv. grown in sandy soil and spaced 3.5 x 4.0 m apart (about 300 plants/feddan) ) subjected to 
drip irrigation system from well. Physical and chemical analyses of the experimental soil are shown in 
Table 1. However, the chemical analysis of the used water for irrigation is recorded in Table 2. In this 
study, thirty six plants healthy were chosen, nearly in shape and size and productivity and plants 
received the same horticultural practices. The present study was a factorial experiment with two 
factors. The first factor included of 3 rates of nitrogen fertilizer (120, 140 and 160 g N/plant) and the 
second one consisted of 3 rates of potassium fertilizer (100, 120 and140 g K/plant). This factorial 
experiment was designed as randomized complete block design with four replicates for each treatment 
and each replicate was represented by one plant.  

 
Table 1: Analysis of experimental soil. 

Soil 
Depth 
(cm) 

Texture 
Class 

pH 
Soil 
past 

E.Ce 
(dSm-1) 

Organic 
matter 

% 

Soluble cations (meq/l) Soluble anions (meq/l) 

Ca++ K+ Na+ Mg++ Cl- SO4
= HCO3

- CO3
= 

0-30 Sand 7.0 1.6 0.19 7 0.4 5 3.6 6 7 3 - 
30-60 Sand 7.5 1.3 0.18 1.2 0.2 7 0.9 0.6 1.9 0.5 - 

 
Table 2: Chemical analysis of water used for irrigation.  

pH E.C. 
dSm-1 

O.M 
% 

Soluble cations (meq/l) Soluble anions (meq/l) 
Ca++ Mg++ Na+ K+ CO3

= HCO3
- Cl- SO4

= 
7.1 0.93 0.7 1.60 1.21 6.30 0.28 0 0.20 8.21 0.93 

 
Nitrogen applications were 120,140 and 160g N/plant, its equivalent 585.3, 682.9 and 

780.4g/plant from ammonium sulfate (20.5%) as a source of nitrogen, respectively. Nitrogen fertilizer 
was divided in two equal doses and added at two times, first (50% of nitrogen fertilizer was added at 
the last week of February), and the second (50% nitrogen fertilizer was added after 3 weeks of full 
blooming, at the first week of May) in both seasons. However, potassium applications were 100, 120 
and140 g K/plant, its equivalent to 208.3, 250.0 and 291.6g/plant from potassium sulfate (48% 
K2SO4) as a source of potassium, respectively. Potassium fertilizer was divided in two equal doses 
and added as soil application at the same times adding nitrogen fertilizer. Nitrogen and/or potassium 
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fertilizers were added as soil application in 15 cm depth and 1 m from the trunk. The ordinary 
fertilization program which used in the district was 15kg/plant of cattle manure with 0.5 kg/plant of 
triple calcium super phosphate (45 % P2O5) added in the first week of January in trench. Response of 
cactus pear plants to the two factors and their interaction were evaluated through the following 
determinations 

 
2.1. Number of fruits/plant and yield kg/tree  

At harvest time the number of fruits per each treated plant was counted and reported then yield 
(kg) per plant was weighed and recorded.  

 
2.2. Fruit physical and chemical properties 

Ten fruits were taken at harvest time from each treated plant for determination of the following 
physical and chemical properties. Fruit weight (g), pulp weight (g), peel weight (g), fruit volume 
(cm3), number of seed/fruit, seeds weight/fruit (g), fruit length (cm), fruit diameter (cm) and juice 
volume (cm3) per fruit was determined by separating pulp from the peel and the juice is extracted 
from the pulp by centrifugation. Furthermore, total soluble solids (T.S.S.) was determined by Hand 
refractometer, total acidity in fruit juice (expressed as citric acid per 100 ml juice), T.S.S./Acid ratio 
and ascorbic acid (mg ascorbic acid/100 ml juice) according to according to A.O.A.C. (1995). 

 
2.3. Economic analysis 

Economic data contained cost items, selling price, total production, amount of treatments and 
its price. Fixed annual cost Egyptian pound (EGP) per year, variable costs (EGP/year) were calculated 
in each treatment.  

Note: The cactus pear yield are not sold per ton per feddan, but is sold from the farm on the 
basis of the number of packages filled with fruits per feddan. It is sold to the consumer as a single 
fruit. Beside, yield per feddan per each treatment was calculated on the basis of (feddan with 300 
plants).  

The cost of experimental treatments based on feddan (cactus pear spaced 3.5 x 4.0 m apart, 300 
plant/ feddan). Sale price of cactus pear at harvest time depend on total number of the packages filled 
with fruits for sale and the package weight of fruits almost 12 kg.  

Total number of package filled with fruits for one ton (1000 kg) = 1000 kg fruits (yield) / the 
package weight filled with fruits (12kg) = 83.3 packages filled with fruits in each one ton of fruits 
yield. 

Total number of package for yield tons/feddan = yield (tons/feddan) x Total number of package 
for one ton (83.3 packages/one ton). and from this we can get the price of total cactus pear fruits 
production/feddan. 

Total revenue (EGP)/feddan= (Total number of package for total yield tons/feddan X sale price 
the fruits package), the price of each package was (35 EGP) in the first season and (40 EGP) in the 
second season. 

For comparison between treatments, approximately net profit (EGP/feddan./year) was 
calculated according to Heady and Jensen (1961). Income was calculated as:  
Total costs (EGP) = total variable costs + total fixed costs 
Net profit /feddan = (total revenue from fruits yield sale, EGP/feddan) – (total costs, EGP/feddan). 
Thus, it can calculated the investment ratio,  
Investment Ratio = (total revenue, EGP/ total costs, EGP) according to Johnston (1984) and Heady 
(1963). 
 
2.4. Statistical Analysis 

The obtained data in 2018 and 2019 seasons were subjected to analysis of variance according to 
Clarke and Kempson (1997). Means were differentiated using Range test at the 0.05 level (Duncan, 
1955). 
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3. Results and Discussion  
 
3.1. Yield kg/tree and No. of fruits/plant 
I. Number of fruits/plant 

Table, 3 illustrates that nitrogen fertilization at 160 g/plant increased number of fruits/plant 
significantly than 140 and 120 g/plant, respectively. Moreover, 160 g nitrogen /plant proved 
superiority in both seasons of study. Moreover, potassium fertilization at 140 g/plant increased 
number of fruits/plant significantly followed by 120 and 100 g/plant respectively in both seasons. 
Furthermore, the interaction between nitrogen and potassium fertilization rates showed that in the first 
season, nitrogen at 160g/plant combined with potassium at 140g/plant and in the second season, 
nitrogen at 160g/plant combined with potassium at 120g/plant and/or 140g/plant proved to be the 
most effect combination in increasing number of fruits/plant significantly of cactus pear plants. On the 
contrary, nitrogen at 120g/plant combined with potassium at 100g /plant gave the lowest values of 
number of fruits/plant during both seasons of study. 
 
Table 3: Effect of nitrogen and potassium fertilization rates and their interactions on number of 

fruits/plant of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100  120  140  Mean 100  120  140  Mean 
120 106.67 i 122.67 h 136.00 g 121.78C 120.67 h 137.67 g 150.00 f 136.11C 
140  158.33 f 184.67 e 213.00 d 185.33B 163.00 e 190.00 d 219.00 c 190.67B 
160  253.33 c 263.33 b 270.00 a 262.22A 250.00 b 283.00 a 294.00 a 275.66A 

Mean 172.78C 190.22B 206.33A  177.89C 203.56B 221.00A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
II. Yield (kg)/plant 

Table, 4 indicates that nitrogen fertilizer rates succeeded in improving fruit yield in both 
seasons. Generally, nitrogen fertilizer at 160g/plant scored (44.0 and 47.89 kg/plant) as compared 
with (16.55 and 19.46 kg/plant) for nitrogen at 120g/plant in both seasons, respectively. Moreover, 
potassium fertilizer rates enhanced fruit yield in both seasons of study. Shortly, potassium at 140g 
/plant treatment scored (33.33 and 37.08 kg/plant) against (26.34 and 28.17 kg/plant) for potassium at 
100g /plant in both seasons, respectively. However, the interaction between nitrogen and potassium 
rates induced high positive effect on fruit yield in both seasons. Briefly, nitrogen at 160g/plant 
combined with potassium at 140g/plant surpassed other combinations. 
 
Table 4: Effect of nitrogen and potassium fertilization rates and their interactions on fruit yield 

(kg)/plant of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates(g) 

100  120  140  Mean 100  120  140  Mean 
120  13.22 i 16.72 h 19.72 g 16.55 C 15.81 i 19.75 h 22.82 g 19.46 C 
140  23.80 f 28.25 e 34.57 d 28.87 B 25.71 f 30.49 e 37.07 d 31.09 B 
160  41.97 c 44.33 b 45.72 a 44.00 A 43.00 c 49.34 b 51.35 a 47.89 A 

Mean 26.34 C 29.76 B 33.33 A  28.17 C 33.19 B 37.08 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
The enhancement of nitrogen rates on number of fruits per plant and yield may be attributed 

that nitrogen fertilization is considered an important and limiting factor for fruiting of fruit plants 
(Nijjar, 1985). Nitrogen fertilizer contributed in building new chlorophyll molecule primary which led 
in increasing total chlorophyll content. So that, it reflected and induced a positive effect in increased 
number of fruits per plant and yield. The obtained results regarding the effect of nitrogen fertilizer 
rates on number of fruits per plant and yield go in line with those mentioned by Stewart et al., (2005) 
and Inglese (2010) on cactus pear. Furthermore, Claassens and Wessels (1997) indicated that N 
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application at 60 kg ha-1 year-1 gave the optimum yield of cactus pear plants. In addition, Dubeux et 
al., (2006) reported that N fertilization increased productivity of cactus pear plants. On the other hand, 
Arba et al., (2017) mentioned that nitrogen fertilization at 60 kg ha-1 resulted in increased fruit 
number per plant and yield (14.9 kg plant-1) of cactus pear plants. Moreover, N fertilization from 0 to 
600 kg N ha-1 year-1 improved productivity of cactus pear plant (Souza et al., 2017). The enhancement 
of potassium rates on number of fruits /plant and yield of cactus pear may be attributed that the 
physiological role of potassium in enhancing many metabolic processes such as carbohydrate 
formation, translocation and accumulation (Ganeshamurthy et al., 2011). It led to improve yield 
parameters. The results of fruits per plant and yield induced by potassium fertilization rates are 
emphasized by the findings of Stewart et al., (2005); Mimouni et al., (2013) and Zegbe et al., (2014) 
on cactus pear. However, the results of the interaction between nitrogen and potassium rates in 
enhancing number of fruits /plant and yield are confirmed by the findings of of Stewart et al., (2005) 
and Mimouni et al., (2013) on cactus pear. Moreover, Silva et al., (2012) concluded that cactus pear 
plants fertilized with NPK increased production. Zegbe et al., (2014) reported that NPK fertilization 
improved yield of ‘Cristalina’ cactus pear in the second and third seasons. The maximum fruit yield 
was estimated at 30.3 t ha−1 using application rates of 90 and 30 kg ha−1 N and P, respectively. 
 
3.2. Fruit quality 
I.  Fruit weight (g)  

Table, 5 demonstrates that increasing in nitrogen fertilization rates increased fruit weight in 
both season. Generally, nitrogen at 160g/plant proved to be the superior rates and scored (167.78 and 
173.67 g) followed by 140g nitrogen/plant (155.22 and 162.51 g) and nitrogen at 120g/plant (135.11 
and 142.25 g) in both seasons. However, potassium at 140g /plant scored (158.88 and 165.37 g) 
against (146.67 and 153.61 g) for potassium at 100g/plant in both seasons. Furthermore, interaction 
between nitrogen rates and potassium rates showed that nitrogen at 160g/plant combined with 
potassium at 140g/plant increased fruit weight and scored (169.33 and 174.67 g) against (124.00 and 
131.10 g) for nitrogen at 120g/plant combined with potassium at 100g/plant in both seasons. Other 
combination gave an intermediate values in this concern. 

 
Table 5: Effect of nitrogen and potassium fertilization rates and their interactions on fruit weight (g) 

of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100  120  140  Mean 100  120  140  Mean 
120  124.00 i 136.33 h 145.00 g 135.11 C 131.10 h 143.53 g 152.12 f 142.25 C 
140  150.33 f 153.00 e 162.32 d 155.22 B 157.73e 160.50 d 169.31 c 162.51 B 
160  165.67 c 168.33 b 169.33 a 167.78 A 172.00 b 174.33 a 174.67 a 173.67 A 

Mean 146.67 C 152.55 B 158.88 A  153.61 C 159.45 B 165.37 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 
 

II. Peel weight (g)  
Table, 6 illustrates that nitrogen at 160g/plant produced the highest values of peel weight 

followed by nitrogen at 140g and 120g/plant, respectively in both seasons. Moreover, potassium at 
140g/plant exerted high positive effect on peel weight and surpassed other tested rates in both seasons 
On the other hand, interaction between nitrogen and potassium fertilization showed that nitrogen at 
160g/plant combined with potassium at 140g/plant gave the highest values of peel weight and 
surpassed other combinations in both seasons. Other combination gave an intermediate values in this 
concern. 

 
III. Pulp weight (g)  

Table, 7 indicates that nitrogen at 160g/plant induced high pulp weight than two rates of 
nitrogen in both seasons. Moreover, potassium at 140g/plant exerted the highest values of pulp weight 
than other two tested rates in both seasons. Moreover, the interaction between nitrogen and potassium 
fertilization rate gave a pronounced effect on pulp weight in both seasons. Generally, in the first 
season, nitrogen at 160g/plant combined with potassium at 120g and/or 140g /plant and in the second 
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season, nitrogen at 160g/plant combined with potassium at 140g /plant surpassed other combinations. 
Other tested combinations gave an intermediate values in this concern. 
 
Table 6: Effect of nitrogen and potassium fertilization rates and their interactions on peel weight (g) 

of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100  120  140  Mean 100  120  140  Mean 
120  56.65 i 57.47 h 58.53 f 57.55 C 56.88 i 57.70 h 58.79 g 57.79 C 
140  58.00 g 61.01 e 62.80 d 60.60 B 60.08 f 61.30 e 63.12 d 61.50 B 
160  64.06 c 64.84 b 65.73 a 64.87 A 64.34 c 65.22 b 66.11 a 65.22 A 

Mean 59.57 C 61.12 B 62.35 A  60.43 C 61.40 B 62.67 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
Table 7: Effect of nitrogen and potassium fertilization rates and their interactions on pulp weight (g) 

of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates(g) Potassium rates(g) 

100  120 140  Mean 100  120  140  Mean 
120  67.33 g 78.86 f 86.47 e 77.55 C 74.21 h 85.83 g 93.33 f 84.46 C 
140  92.33 d 91.99 d 99.52c 94.61 B 97.65 e 99.20 d 106.19 c 101.01 B 
160  101.61 b 103.49 a 103.60 a 102.90 A 107.66 bc 108.56 ab 109.11 a 108.44 A 

Mean 87.08 C 91.44 B 96.53 A  93.17 C 98.86 B 102.87 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
IV. Fruit volume (cm3)  

Table, 8 demonstrates that nitrogen at 160g/plant improved fruit volume and surpassed other 
two tested rates both seasons. Moreover, potassium at 140g/plant improved fruit volume and 
surpassed other rates in both seasons Furthermore, interaction between nitrogen and potassium 
fertilization rates exerted high values of fruit volume in both seasons. Generally, combination of 
nitrogen at 160g/plant combined with potassium at 140g/plant surpassed other tested combinations in 
this respect. On the contrary, nitrogen at 120g/plant combined with potassium at 100g/plant gave the 
lowest values in this concern. 
 
Table 8: Effect of nitrogen and potassium fertilization rates and their interactions on fruit volume 

(cm3) of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100  120  140  Mean 100  120  140  Mean 
120  42.67 i 51.00 h 56.00 g 49.88 C 58.30 g 53.20 h 44.70 i 52.08 C 
140  61.00 f 70.00 e 75.00 d 68.66 B 63.40 f 72.50 e 77.60 d 71.16 B 
160  82.67c 92.00 b 100.67 a 91.77 A 85.37 c 94.80 b 103.57a 94.57 A 

Mean 62.11 C 71.00 B 77.22 A  69.02 C 73.50 B 75.29 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
V. Number of seeds/fruit  

Table, 9 indicates that nitrogen at 160g/plant produced higher number of seeds/fruit than 
nitrogen at 140g and 120g/plant in both seasons, respectively. Besides, nitrogen at 120g/plant gave the 
lowest values in this respect. Moreover, potassium at 140g/plant induced high positive effect on 
number of seeds/fruit followed by potassium at 120 and 100g/plant in both seasons, respectively. 
However, the interaction between nitrogen and potassium exerted high positive effect on number of 
seeds/fruit in both seasons. Generally, combinations of nitrogen at 160g/plant combined with 
potassium at 140g/plant showed superiority in this concern. 
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Table 9: Effect of nitrogen and potassium fertilization rates and their interactions on number of seeds/ 
fruit of El-shamia cactus pear plants (2018 and 2019 seasons). 

Nitrogen 
rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100  120  140  Mean 100  120  140  Mean 
120  163.00 i 173.00 h 182.00 g 172.67 C 165.00 i 175.00 h 184.00 g 174.67 C 
140  192.00 f 204.33 e 211.67 d 202.67 B 195.00 f 207.33 e 214.67 d 205.67 B 
160  221.33 c 232.33 b 241.33 a 231.67 A 224.33 c 235.33 b 244.33 a 234.67 A 

Mean 192.11 C 203.22 B 211.67 A  194.78 C 205.89 B 214.33 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
VI. Seeds weight/fruit (g)  

Table, 10 demonstrates that increasing nitrogen rates increased seeds weight/fruit in both 
season. Generally, nitrogen at 160g/plant proved to be the superior rate in both seasons. Moreover, 
potassium at 140g/plant improved seeds weight/fruit and surpassed other rates in both seasons. 
Furthermore, interaction between nitrogen and potassium fertilization rates showed that nitrogen at 
160g/plant combined with potassium at 140g/plant increased seeds weight/fruit in both seasons. Other 
combination gave an intermediate values in this concern. 
 
Table 10: Effect of nitrogen and potassium fertilization rates and their interactions on seeds 

weight/fruit (g) of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100  120  140  Mean 100  120  140  Mean 
120  10.33 f 11.33 de 11.33 de 11.00 B 11.43 f 12.53 e 12.63 de 12.20 B 
140  11.00 ef 11.33 def 12.00 cd 11.44 B 12.40 ef 12.83 de 13.60 cd 12.94 B 
160  12.66 c 14.00 b 15.33 a 14.00 A 14.36 c 15.80 b 17.23 a 15.80 A 

Mean 11.33 C 12.22 B 12.88 A  12.73 C 13.72 B 14.48 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 
 

VII. Fruit length (cm)  
Table, 11 indicates that nitrogen at 160g /plant produced longer fruit than nitrogen at 140 and 

120g/plant in both seasons. However, potassium at 140g/plant gave higher value of fruit length than 
other rates in both seasons. The interaction between nitrogen and potassium fertilization rates showed 
that in the first, season nitrogen at 160g/plant combined with potassium at 140g/plant and/or nitrogen 
at 160g/plant combined with potassium at 120g/plant exerted similar and high significant values of 
fruit length as well as surpassed other tested combinations in this respect. Whereas, in the second 
season, nitrogen at 160g/plant combined with potassium at 140g/plant gave high significant values 
than other combination. 
 
Table 11: Effect of nitrogen and potassium fertilization rates and their interactions on fruit length 

(cm) of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates(g) Potassium rates(g) 

100 120 140 Mean 100 120 140 Mean 
120 6.50 f 6.90 e 7.00 e 6.80 C 7.60 i 8.10 h 8.30 g 8.00 C 
140 7.30 b 7.50 c 7.70 d 7.50 B 8.70 f 9.00 e 9.30 d 9.00 B 
160 7.85 b 8.03 a 8.13 a 8.00 A 9.55 c 9.83 b 10.03 a 9.80 A 

Mean 7.22 C 7.47B 7.61 A  8.61 C 8.97 B 9.21 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
VIII. Fruit diameter (cm)  

Table, 12 reveals that nitrogen at 160g/plant gave wider fruits than nitrogen at 140 and 
120g/plant in both seasons. However, nitrogen at 120g/plant showed the lowest values of fruit 
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diameter values. However, potassium at 140g/plant gave a high positive effect on fruit diameter than 
treatments in both seasons. Moreover, the combination of nitrogen at 160g/plant plus potassium at 
140g/plant gave high values and surpassed other tested combinations in this respect. 
 
Table 12: Effect of nitrogen and potassium fertilization rates and their interactions on fruit diameter 

(cm) of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100 120 140 Mean 100 g 120 g 140 g Mean 
120 4.14 i 4.25h 4.35 g 4.25 C 5.24 i 5.45 h 5.65g 5.45 C 
140 4.45 f 4.61 d 4.75 d 4.60 B 5.85 f 6.11 e 6.35 d 6.10 B 
160 4.85 c 5.02 b 5.17 a 5.01 A 6.55 c 6.82 b 7.07 a 6.81 A 

Mean 4. 48 C 4.63 B 4.75 A  5.88 C 6.13 B 6.35 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
IX. Juice volume/fruit (cm3) 

Table, 13 demonstrates that nitrogen rates and potassium rates also their interaction showed no 
remarkable positive effect on fruit juice volume in both seasons of study.  
 
Table 13: Effect of nitrogen and potassium fertilization rates and their interactions on juice 

volume/fruit per fruit (cm3) of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100 120 140 Mean 100 120 140 Mean 
120 65.63 a 65.70 a 65.72 a 65.68 A 70.13 a 70.17 a 70.58 a 70.29 A 
140 65.75 a 65.81 a 65.86 a 65.81 A 70.26 a 70.32 a 70.35 a 70.31 A 
160 65.89 a 65.94 a 65.97 a 65.93 A 70.33 a 70.41 a 70.44 a 70.41 A 

Mean 65.75 A 65.81 A 65. 85 A  70.25 A 70.30 A 70.45 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
IX. Fruit T.S.S. (%) 

Table, 14 demonstrates that nitrogen at 160g/plant rates gave the highest value of TSS as 
compared with nitrogen at 120 and 140g/plant. Furthermore, potassium rates increased TSS. 
Potassium at 140g /plant surpassed other tested rates in both seasons. Moreover, combination of 
nitrogen at 160g/plant plus potassium at 140g/plant gave similar and high values of TSS and 
surpassed other combinations. 
 
Table 14: Effect of nitrogen and potassium fertilization rates and their interactions on Fruit T.S.S. 

(%) of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100 120 140 Mean 100 120 140 Mean 
120 9.47 h 9.50 g 9.52 fg 9.49 C 9.60 h 9.63 g 9.65 fg 9.62 C 
140 9.53 ef 9.55 de 9.56 cd 9.54 B 9.66 ef 9.68 de 9.69 cd 9.67 B 
160 9.58 bc 9.59 b 9.62 a 9.59 A 9.71 bc 9.72 b 9.75 a 9.72 A 

Mean 9.52 C 9.54 B 9.56 A  9.65 C 9.67 B 9.69 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
X. Fruit total acidity content (%) 

Table, 15 illustrates that in the first season; nitrogen rates had no effect on fruit total acidity 
content. However, in the second season, nitrogen rates induced a pronounced reductive effect on fruit 
total acidity content and nitrogen at 160g/plant proved to be the most efficient treatment in reducing 
fruit total acidity content. However, in the first season, potassium at 120g and 140g/plant and in the 
second season, potassium at 140g/plant proved to be the superior treatments in reducing fruit total 
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acidity content in both seasons. However, interaction between nitrogen and potassium fertilization 
rates showed that in the first season, nitrogen at 120,140 and 160g/plant combination with potassium 
at 120 and/or 140g/plant gave similar and high positive effect on reducing fruit total acidity content. 
However, in the second season, nitrogen at 160g/plant combined with potassium at 140g/plant proved 
to be the superior treatment in reducing fruit total acidity content 
 
Table 15: Effect of nitrogen and potassium fertilization rates and their interactions on fruit total 

acidity (%) content of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100 120 140 Mean 100 120 140 Mean 
120 0.53 a 0.51 b 0.50 b 0.51 A 0.59 a 0.56 cd 0.54 ef 0.56 A 
140 0.53 a 0.51 b 0.50 b 0.51 A 0.58 ab 0.55 de 0.53 fg 0.55 B 
160 0.53 a 0.51 b 0.50 b 0.51 A 0.57 bc 0.54 ef 0.52 g 0.54 C 

Mean 0.53 A 0.51 B 0.50 B  0.58 A 0.55 B 0.53 C  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
XI. Fruit T.S.S. / Acid ratio 

Table, 16 reveals that in the first season nitrogen rates showed no remarkable positive effect on 
fruit TSS/Acid ratio besides, in the second season nitrogen at 160g/plant showed superiority in this 
respect. Moreover, potassium rates gave high positive effect on TSS/Acid ratio in both seasons. 
Shortly, potassium fertilization at 140g/plant proved to be the superior rate in this concern. On the 
other hand, the interaction between two factors produced a pronounced effect on TSS/acidity in both 
seasons. Generally nitrogen at 160g/plant combined with potassium at 140g/plant gave high positive 
effect on TSS/Acid ratio than other combinations.  

 
Table 16: Effect of nitrogen and potassium fertilization rates and their interactions on TSS/acid ratio 

of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates (g) Potassium rates (g) 

100 120 140 Mean 100 120 140 Mean 
120 17.87 d 18.63 bc 19.04 ab 18.51 A 16.27 g 17.20 de 17.87 bc 17.12 C 
140 17.98 d 18.73 ab 19.12 ab 18.61 A 16.65 fg 17.60 cd 18.28 b 17.52 B 
160 18.08 cd 18.80 ab 19.24 a 18.70 A 17.03 ef 18.00 bc 18.75 a 17.93 A 

Mean 17.97 C 18.72 B 19.13 A  16.65 C 17.60 B 18.30 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
XII. Ascorbic acid (mg ascorbic acid/100 ml juice) 

Table 17, indicates that nitrogen fertilizer rates gave high positive effect on fruit ascorbic acid 
content in both seasons. Generally, nitrogen at 160g/plant proved to be the superior treatment in this 
respect. Moreover, potassium fertilizer rates induced high positive effect on ascorbic acid in both 
season. Moreover potassium at 140g/plant proved to be the superior treatment in this respect. 
However, the interaction between the two tested factors showed that nitrogen combined with 
potassium succeeded in increasing ascorbic acid in both seasons. Generally, in the first season, 
nitrogen at 140g/plant combined with potassium at 120 and /or 140g/plant as well as nitrogen at 
160g/plant combined with potassium at 100 and /or 120 and /or 140g/plant gave similar and high 
positive effect on fruit ascorbic acid content than other combinations. However in the second season, 
nitrogen at 160g/plant combined with potassium at 140g/plant induced high positive effect than other 
combinations. 

The improvement in fruit quality, resulted due to nitrogen rates may be attributed that nitrogen 
is major constituent of many compounds of great physiological importance in metabolism (Mengel et 
al., 2001). Furthermore, nitrogen improved chlorophyll production and photosynthesis processes led 
to more carbohydrate production which reflected on fruit quality. The results of fruit quality induced 
by nitrogen rates were emphasized by the findings of Stewart et al., (2005) and Inglese (2010) on 
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cactus pear. Moreover, Zegbe et al., (2014) reported that NPK fertilization improved fruit size and 
pulp weight of ‘Cristalina’ cactus pear in the second and third seasons. Furthermore, 00N–30P–30K 
and 30N–30P–30K treatments had the highest mean TSSC in the 2005 and 2006 seasons. Also, Arba 
et al., (2017) reported that cactus pear plants fertilization with nitrogen induced positive effect on fruit 
size and didn't affected on total acidity, total sugars and soluble solids. The enhancement of potassium 
rates on fruit quality of cactus pear fruits may be attributed that the physiological role of potassium in 
enhancing many metabolic processes such as carbohydrate formation, translocation and accumulation 
(Ganeshamurthy et al., 2011). Moreover, it plays an important role in, enzyme activation, protein 
synthesis, photosynthesis, and cell extension (Erner et al., 2001), these led in improved fruit quality. 
The obtained results regarding the effect of potassium application rates on fruit quality go in line with 
those mentioned by Stewart et al., (2005); Mimouni et al., (2013) and Zegbe et al., (2014) on cactus 
pear. The results of the interaction between nitrogen and potassium rates in enhancing fruit quality are 
confirmed by the findings of Mimouni et al., (2013) and Zegbe et al., (2014) on cactus pear. 
 
Table 17: Effect of nitrogen and potassium fertilization rates and their interactions on fruit ascorbic 

content of El-shamia cactus pear plants (2018 and 2019 seasons). 
Nitrogen 

rates 
(g) 

2018 2019 
Potassium rates(g) Potassium rates(g) 

100 120 140 Mean 100 120 140 Mean 
120 15.35 d 15.44 c 15.70 b 15.50 C 16.17 g 16.22 f 16.23 f 16.20 C 
140 15.80 b 16.21 a 16.24 a 16.08 B 16.26 e 16.29 d 16.23 c 16.29 B 
160 16.25 a 16.27 a 16.31 a 16.27 A 16.35 b 16.37 b 16.40 a 16.37 A 

Mean 15.08 C 15.97 B 16.09 A  16.26 C 16.29 B 16.13 A  
Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% 
level. 

 
3.3. Economic analysis 

The final aim of any Horticulture practices is to get profitable from the invested cost. 
The agricultural process is mainly economic if the net gain of each EGP gave the highest rate of 

revenue. Table, 18 indicates that the calculation of fixed costs for one feddan for all treatments of 
cactus pear plants were 18420 EGP in the first seasons and 18480 EGP in the second season.  

Table, 19 indicates that nitrogen fertilizer rates increased total variable costs in both seasons of 
study. Generally, nitrogen fertilizer at 160g/plant gave higher variable costs were (19590 and 19884 
EGP) followed by nitrogen fertilizer at 140g/plant were (19445 and 19710 EGP) then nitrogen 
fertilizer at 120g/plant were (19300 and 19536 EGP) in both seasons respectively. Moreover, 140g 
K/plant gave the highest total variable costs in both seasons. Furthermore, interaction between 
nitrogen and potassium rates showed that 160g N/plant plus140g K/plant increased total variable costs 
and scored (20470 and 20852 EGP) against (19930 and 20229 EGP) for 120g N/plant plus100g 
K/plant in both seasons, respectively.  

Table, 20 indicates that nitrogen fertilizer rates increased total number of fruits packages for 
sale which induced high total revenue in both seasons of study. Generally, nitrogen fertilizer at 
160g/plant gave higher total number of fruits packages that increased total revenue and scored (37960 
and 47814 EGP) followed by nitrogen fertilizer at 140g/plant were (25248 and 31054 EGP) then 
nitrogen fertilizer at 120g/plant were (14461 and 19459 EGP) in both seasons respectively. Moreover, 
140g K/plant increased total number of fruits packages sale and it gave the highest total revenue in 
both seasons. Furthermore, interaction between nitrogen and potassium rates showed that 160g 
N/plant plus140g K/plant increased total number of fruits packages sale that increased total revenue 
and scored (20470 and 51313 EGP) against (11545 and15794 EGP) for 120g N/plant plus100g 
K/plant in both seasons, respectively.  

Obtained results in table, 21 illustrates that the 160g N/plant gave the highest value of net profit 
and investment ratio more than two rates of nitrogen in both season. While, nitrogen at 120g/plant 
showed the total net profit was reduced and it looser in both seasons. Moreover, potassium at 
140g/plant increased net profit and investment ratio than two rates in both season. The interaction 
between nitrogen and potassium rates showed that nitrogen at 160 g/plant combined with potassium at 
140 g/plant gave the highest value of net profit and investment ratio. Besides, nitrogen at 120 g/plant 
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combined with potassium at 100g/plant and or 120g/plant and/or 140g/plant showed that the total net 
profit was reduced and it looser in first seasons. 
 
Table 18: Fixed costs (EGP)/feddan for El-shamia cactus pear production (2018 and 2019 seasons). 

Items Unit Counts 
2018 2019 

Unit cost 
EGP 

Total 
EGP 

Unit cost 
EGP 

Total 
EGP 

Organic fertilizer M3 15 350 5250 350 5250 

Calcium Super phosphate  50 Kg 4 100 400 100 400 

Sulfur agriculture 45 Kg 3 50 150 60 180 

Ammonium sulfate 50 2 250 500 275 550 

Land prepared after add fertilizers   450 540  500 

Pesticides Liter 1 130 130 140 140 

Foliar nutrients Liter 2 35 70 40 80 

Gasoline for Irrigation  Liter /season 80 7.25 580 7.25 580 

Labor cost       

Fertilizers add  Worker/day 4 150 600 150 600 

Seasonal labor Worker/day 4 150 600 150 600 

Pesticides and foliar nutrients Worker/day 2 150 300 150 300 

Plants pruning  Worker/day 2 150 300 150 300 

Labor for irrigation and guard 
orchard 

Salary/ season 12 month 700 8400 700 8400 

Harvest  Worker/day 4 150 600 150 600 

Total    18420  18480 

 
Table 19: The total variable costs and total costs (fixed and variable) for all treatments of El-shamia 

cactus pear plants (2018 and 2019 seasons). 

2019 2018 
Unit 
cost 

(EGP) 

Unit Counts Treatments Total 
costs 

(EGP) 

Total 
variable 
(EGP) 

Total 
costs 

(EGP) 

Total 
variable 
(EGP) 

       Specific effect of N rates 

19536 1056 19300 880 5 176 Kg/fed. 120 g N 

19710 1230 19445 1025 5 205 Kg/fed. 140 g N 

19884 1404 19590 1170 5 234 Kg/fed. 160 g N 

       Specific effect of K rates 

19173 693 19050 630 10 63 Kg/fed. 100 g K 

19305 825 19170 750 10 75 Kg/fed. 120 g K 

19448 968 19300 880 10 88 Kg/fed. 140 g K 

       Interaction between N and K 

20229 1749 19930 1510   Kg/fed. 120 g N + 100 g K 

20361 1881 20050 1630   Kg/fed. 120 g N + 120 g K 

20504 2024 20180 1760   Kg/fed. 120 g N + 140 g K 

20403 1923 20075 1655   Kg/fed. 140 g N + 100 g K 

20535 2055 20195 1775   Kg/fed. 140 g N + 120 g K 

20678 2198 20325 1905   Kg/fed. 140 g N + 140 g K 

20577 2097 20220 1800   Kg/fed. 160 g N + 100 g K 

20709 2229 20340 1920   Kg/fed. 160 g N + 120 g K 

20852 2372 20470 2050   Kg/fed. 160 g N + 140 g K 

 Total costs (L.E.) = total variable costs + total fixed costs  
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Table 20: Yield (tons) per feddan and the total revenue (EGP) for all treatments of El-shamia cactus 
pear plants during (2018 and 2019 seasons). 

Treatments 

2018 2019 

Yield 
tons/fed. 

Total No. 
of 

packages 
for yield 

Total 
revenue 

EGP 

Yield 
tons/fed. 

Total No. 
of 

packages 
for yield 

Total 
revenue 

EGP 

Specific effect of N rates       

120 g N 4.96 413.2 14461 5.84 486.5 19459 

140 g N 8.66 721.4 25248 9.32 776.4 31054 

160 g N 13.02 1084.6 37960 14.35 1195.4 47814 

Specific effect of K rates       

100 g K 7.9 658.1 23032 8.45 703.9 28155 

120 g K 8.1 742.2 25977 9.95 828.8 33153 

140 g K 10.2 849.7 29738 11.12 926.3 37052 

Interaction between N and K       

120 g N + 100 g K 3.96 329.9 11545 4.74 394.8 15794 

120 g N + 120 g K 7.14 417.3 14607 5.92 493.1 19725 

120 g N + 140 g K 12.59 492.3 17231 6.84 569.8 22791 

140 g N + 100 g K 5.01 594.8 20817 7.71 642.2 25690 

140 g N + 120 g K 8.47 705.6 24694 9.14 761.4 30454 

140 g N + 140 g K 13.29 863.8 30234 11.12 926.3 37052 

160 g N + 100 g K 5.91 1048.7 36706 12.9 1074.6 42983 

160 g N + 120 g K 10.37 1107.1 38747 14.81 1233.7 49347 

160 g N + 140 g K 13.71 1142.0 39972 15.4 1282.8 51313 

 
Table 21: Net profit and investment ratio for all treatments of El-shamia cactus pear plants during 

(2018 and 2019 seasons). 

Treatments 
2018 2019 

Net profit 
(EGP)/ fed 

Investment 
ratio 

Net profit 
(EGP)/ fed 

Investment 
ratio 

Specific effect of N rates     

120 g N -4839 0.749 -77 0.996 

140 g N 5803 1.298 11344 1.576 

160 g N 18370 1.938 27930 2.405 

Specific effect of K rates     

100 g K 3982 1.209 8982 1.468 

120 g K 6807 1.355 13848 1.717 

140 g K 10438 1.541 17604 1.905 

Interaction between N and K     

120 g N + 100 g K -8385 0.579 -4435 0.781 

120 g N + 120 g K -5443 0.729 -636 0.969 

120 g N + 140 g K -2949 0.854 2287 1.112 

140 g N + 100 g K 742 1.037 5287 1.259 

140 g N + 120 g K 4499 1.223 9919 1.483 

140 g N + 140 g K 9909 1.488 16374 1.792 

160 g N + 100 g K 16486 1.815 22406 2.089 

160 g N + 120 g K 18407 1.905 28638 2.383 

160 g N + 140 g K 19502 1.953 30461 2.461 
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4. Conclusion  
Briefly, the results showed that the increment in nitrogen combined with potassium gave an 

increased yield and fruit quality except juice volume per fruit of cactus pear. The increment in 
productivity is an economic important factor for farmers and the improvement of fruit quality is an 
important to consumers. Nitrogen and potassium fertilization are necessary to improve fruit yield and 
fruit quality of El-shamia cactus pear. Nitrogen fertilizer at 160g/plant combined with potassium at 
140g/plant proved to be the superior treatment in this concern. Moreover, Economic study 
recommended that the nitrogen fertilizer at 160g/plant combined with potassium at 140g/plant is the 
best treatment to improve the El-shamia cactus pear production and fruit quality as well as raising the 
net income farmer which reflect positively on farmers cultivated cactus pear in Egypt. 
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	ABSTRACT
	A field experiment study was carried out during two successive seasons during 2018 and 2019 in El-shamia cactus pear orchard about eight years old grown in sandy soil under drip irrigation system from well at Abu Ghaleb area, "Cairo-Alexandria desert" road about 50km from Cairo, Egypt. The study was a factorial experiment with two factors i.e. the first factor consisted of 3 rates of nitrogen (120, 140 and 160g/plant/year) and the second one involved 3 rates of potassium (100, 120 and 140 g/plant/year) arranged in a randomized complete block design with four replicates for each treatment and each replicate was represented by one plant. Obtained results showed that nitrogen fertilization rates and potassium fertilization rates and their interactions improved yield and fruit quality traits. Obtained results indicate that nitrogen and potassium fertilization rates and their combinations had no effect on juice volume per fruit. Generally, nitrogen fertilizer at 160g/plant combined with potassium at 140g /plant proved to be the most efficient treatment in enhancing the previously mentioned studied traits. However, nitrogen fertilization rates and potassium fertilization rates as well as their combination had a significant effect on net profit and investment ratio. Shortly, 160g/plant combined with potassium at 140g/plant attained the highest value of total revenue per feddan, net profit per feddan and investment ratio. Besides, this treatment is raising the net income farmer under this condition



