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ABSTRACT 
Two winter field experiments were carried out at the 

Agricultural Research Experiment Station, King 
Abdulaziz University, Hada-Alsham, Saudi Arabia, during 
the two years of 2007 and 2008, in order to assess the 
response of the two potato cultivars Diamont and Nicola to 
two rates of chicken manure (15 and 30 m3 ha.-1) as well as 
control treatment (without addition), three levels of 
mineral NPK fertilizer (200-100-100, 300-150-150 and 400-
200-200 kg N-P2O5-K2O ha.-1) in addition to control 
(without application), and their combinations on 
vegetative growth, yield and its components, and chemical 
compositions characters of potato. 

The obtained results indicated generally that the 
comparisons among the mean values of the studied 
vegetative growth, yield and chemical composition for 
each factor (main effects) appeared to be significant in 
most cases, during the two growing seasons. The results 
illustrated also that the cultivar Diamont gave the highest 
mean values of all studied characters, with few exceptions, 
in both seasons. An application of either organic manure 
at the rate of 15m3. ha.-1 or mineral NPK at the level of 
300-150-150 kg.ha.-1 gave significantly the highest mean 
values of most studied vegetative growth, yield and its 
components and chemical compositions, during the two 
years.  

The results concerning the first-order interaction 
indicated that the combination between cultivar Diamont 
and either of organic manure at the rate of 15m3 ha.-1 or 
mineral NPK fertilizer at the rate of 300-150-150 kg ha.-1, 
and the interaction effects between the treatment 
combination of organic manure and mineral NPK 
fertilizer at such rates, resulted in the highest significant 
mean values of the vegetative growth characters, most of 
the studied yield components and some of chemical 
compositions, in the two seasons. 

The obtained results indicated also that the treatment 
combination of cultivar Diamont with organic manure at 
the rate of 15 m3 ha.-1 plus mineral NPK fertilizer at the 
level of 300-150-150 kg N-P2O5-K2O ha.-1, gave the best 
second-order interaction treatment for most studied 
vegetative growth, all potato yield and its component 
characters, and some of the chemical composition 
parameters, during the two growing seasons of the years 
2007 and 2008. 

INTRODUCTION 

Potato (Solanum tuberosum, L.) is considered as one 
of the most important vegetable food crops all over the 
world, As a world crop, it ranks the first most important 
tuber crop, and next to wheat and rice (Alam et al. 
2007). Potato tubers are an important source of 
digestible carbohydrates, dietary fiber, vitamin C, and 
some necessary minerals (Sarhan et al. 2004). So, it can 
use as a staple food, vegetable, source of starch, flour, 
alcohol, acetone and glucose.  

Nitrogen (N), Phosphorus (P) and potassium (k) are 
considered as the most three important elements 
prerequisite for plant nutrition in large amounts. They 
play essential roles in overall metabolism of plant 
enzymes activity, promoting photosynthesis, cell 
divisive and development of meristematic tissue, 
nitrogen and water consumption respiration. Since, 
nitrogen (N) is an essential element for building up 
protoplasm, proteins and amino acids , which induce 
cell division and initiate meristematic activity. Also, 
phosphorus is a part of molecular structure of nucleic 
acid (DNA and RNP), the energy transfer compounds 
and phosphor-proteins. Moreover, potassium element is 
very important in overall metabolism of plant enzymes 
activity. It is important to serve a vital role in 
photosynthesis by direct increasing in growth and leaf 
area and hence CO2 assimilation (Gardener et al. 1985). 

The effects of the three mineral fertilizers nitrogen 
(N), phosphorus (P) and potassium (K) individually or 
in combination with either one or more of each potato 
cultivar plants were reported by several investigations 
such as: Brijlal and Sharma (1995) using K; 
Danilchenko et al. (2005) and Alam et al. (2007) using 
NPK. Since, they found that using such fertilizers 
reflected significant effects on the vegetative, yield and 
chemical compositions characters of potato plants. 

It is well known that organic manure improved the 
structure of the soil and this consequently encourage the 
plant to have a good growth.  Moreover, the slow 
released nutrients contained in organic manure permit 
the plants to beneficial of it. All these reasons resulted 
in improve plant growth. Such results were illustrated 
by: Filip and Muller (1984), Kadhim (1986), Borin et 
al. (1987) and Moustafa (1994). The value of organic 



Zohair Mahmoud Mirdad: The Effect of Organic and Inorganic Fertilizers Application on Vegetative Growth, Yield 

  
103

 
fertilizers as a source of nutrients for potato plants has 
been revived by several investigators such as: Striban et 
al. (1984); Tashkhodzhaev (1985); Borin etal. (1987); 
Reichbuch etal. (1989); Grewal (1990) and Blecharczyk 
and Shrzyczak (1996).Studies were also made by 
several researchers on the effects of organic and 
inorganic fertilizers on vegetative growth, yield, and 
chemical compositions of potato, such as; Spoil and 
Fedotova (1987); Das and Banerjee (1996); 
Eiecharczyk and Malecka (2000); Danilchenko 
etal.(2005) and Singh and Kushwah (2006). 

Therefore, the main objective of this study was to 
investigate the main effects of potato cultivars, organic 
manure and inorganic NPK, and their interactions on 
growth, yield and its components, and chemical 
composition of potato plants. 

MATERIALS AND METHODS 

Two field experiments were carried out during the 
two consecutive winter seasons of 2007 and 2008 at the 
Agricultural Research Experiment Station, King 
Abdulaziz University, Hada-Alsham, Saudi Arabia. 

In both experiments, the used experimental layout 
was split-split plot system in a randomized complete 
blocks design(RCBD) with three replications. Each 
replicate consisted of twenty four treatments; which 
representing the combinations among the three factors; 
the first one was two cultivars of potato (Nicola and 
Diamont). The second one was two rates of chicken 
manure as well as control (0, 15 and 30 m3/ha). The 
third factor was three levels of mineral NPK fertilizers 
as well as control (0-0-0, 200-100-100,  300-150-150 
and 400-200-200) kg N-P2O5-K2O ha-1. 

The forms of the three mineral fertilizers types; 
NPK; were used as follows; ammonium nitrate (33.50% 
N), calcium super phosphate (15.5% P2O5) and 
potassium sulphate (48% K2O). Regarding the 
arrangement of the different treatments, the two 
cultivars were setted as the main plots and organic 
manure was considered as the sub-plots; whereas, 
mineral fertilizer levels were taken as the sub-sub plots. 
Each experimental unit area was 8.4 m2, including three 

rows, four meters long and 70 cm width, with plant 
spacing 25 cm. A guard row was left without planting to 
separate each adjacent sub-sub plots. The same 
experimental steps were conducted in the first and the 
second seasons of 2007 and 2008, respectively. 

Prior to the initiation of each experiment, soil 
samples were collected and analyzed according to the 
published method Al-Solaimani et al. (2009). The 
results of the soil analyses are given in Table 1-a and 1-
b,as average for the two seasons of 2007 and 2008.   

Soil pH and electrical conductivity (EC) were 
determined by mixing soil with water by 1:1 weight-
volume (W:V) ratio using glass rod. The total organic 
matter (O.M.) in the soil was determined using 
Walkeley and Black s method as described by Jackson 
(1973). The soil nitrogen was estimated according to the 
method of Bremner (1965). The soil nitrogen content 
was measured by Kjeletec Auto 1030 analyzer. The 
total quantities of phosphorous, potassium, calcium, 
magnesium and sodium were determined after they 
were extracted by digestion method with perchloric and 
nitric acids method as described by Shelton and Harper 
(1941). Phosphorous content was determined at light 
wave length 640 manometer, using Turner spectro-
photometer model 2000, whereas, potassium calcium, 
magnesium and sodium concentrations were measured 
in the extraction using Perkin Elmer 5000 AAS. The 
chemical properties of the used organic manure 
(chicken manure) was presented in Table 2. 

With respect to the rates of organic manure were 
randomly applied to the surface of each row and 
incorporated well to about 15-30 cm depth of the soil 
before planting of potato pieces. Concerning the 
planting potato, the potato tubers of each cultivar were 
separately cut into pieces (about 60g), then they planted 
on one side of the row at 25 cm apart on Jan 4 and Jan 2 
of the two years of 2007 and 2008, respectively. 

Pertaining to the rates of the used mineral fertilizers 
of each nitrogen and potassium rates were divided into 
three equal quantities through the growing stages. 

Table 1.a. Average soil texture and physical properties of soil analysesof the two seasons of 
2007 and 2008 

Depth (cm) Loam (%) Silt (%) Sand (%) Soil texture 
0-15 9.1 5.54 85.36 S.L 

15-30 3.40 8.2 88.4 S 

Table 2. Average chemical analysis for soil samples from field experiment of the two  
seasons of 2006 and 2007 

Depth
(cm) 

O.M 
(%) 

pH EC
dSm-1 

N 
Mg/l 

P 
Mg/l 

K 
Mg/l 

Ca 
Mg/l 

Na 
Mg/l 

Mg 
Mg/l 

Cl 
Mg/l 

SO4 

Mg/l
HSO3

- 

Mg/l 
0-15 2.1 7.5 1.99 0.21 0.03 0.37 0.96 0.98 1.89 1.41 0.94 2.1 
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15-30  1.21 7.9 1.2 0.13 0.02 0.3 1.07 0.75 0.9 0.54 0.62 1.21 

Table 2. Chemical analysis of the used chicken manure 

Properties pH 

Moisture 

content  

(%) (M.C.) 

EC 

(ds.m) 

T.S. 

% 

C/N 

Ratio 

O.M.

% 

Ash 

% 

Total 

N(%) 

Total 

P(%) 

TotalK

(%) 

Ca 

(%) 

Mg 

(%) 

Chemical 
analyses 

7.92 12.65 4.85 1.04 12:1.00 55.03 38.29 1.96 2.77 2.55 5.02 0.46 

The first addition was added after two weeks from 
planting; the second portion was added after five weeks 
from planting date; whereas, the last one was performed 
during tubering stage. Phosphorus fertilizer rates were 
added completely in the first addition. During the 
growing seasons, all other recommended agro 
managements such as irrigation, diseases, pests and 
weeds control programs were performed whenever they 
appeared to be necessary.  

Data Recorded 

Five plants were randomly selected from the central 
two rows of each sub-sub-plot, during the growing 
season, to measure the observations based on the 
morphological characteristics, i.e., vegetative growth, 
yield and its components, and some chemical 
components of leaves and tubers as follows: 

Vegetative growth characters  

Samples of five plants were randomly chosen from 
the middle two rows of each sub-sub-plot, at the 
beginning of tuberous stems formation. The five 
selected plants were cut off at the ground level to 
measure the studied vegetative growth parameters as 
follows: plant height (cm), number of aerial stems per 
plant, foliage fresh weight per plant (g), and leaves dry 
matter content (%). 

Tubers yield and its components: 

At maturity stage, about 120 days after planting 
time, tuberous stems were dug from the central two 
rows of each sub-sub-plot, were collected. Then, the 
following data were recorded, tuber fresh weight (g), 
number of tubers plant-1, tubers weight plant-1 and tuber 
dry matter content (%). 

Tubers stems quality: 

Tubers stems quality was expressed by the tubers 
constituents of total sugars, starch, and carbohydrates 
(%). Directly after harvesting, five tubers samples were 
randomly bulked from each experimental unit to 
determine such compositions. Such samples of dried 
tubers, as previously mentioned were taken, ground into 
fine powder with a grinder for total sugars, starch and 
carbohydrates constituents. Sucrose concentration (%) 
was estimated by using the procedure of Association of 
Official Analytical Chemists (A.O.A.C., 1980). Then, 
they measured calorimetrically, using a 

spectrophotometer at 540 nm. Total sugars contents 
were estimated by the summation of the reducing sugars 
and sucrose. Starch content was determined by using 
the method of phenol sulphonic acid as described by 
Malik and Singh (1980). Carbohydrates content were 
obtained by the summation of both total sugars and 
starch contents. 

Chemical constituents of leaves: 

A random sample of leaves from each sub-sub plot 
was collected, washed with distilled water, oven dried at 
70 C to a constant weight, and then ground into fine 
powder. The ground tissues of the leaves were analyzed 
for determining the concentrations of N, P and K. 
Nitrogen content was determined using the Semi-Micro 
Kjeldohl method as described in A.O.A.C. (1980). 
Phosphorus content was determined using stannous 
chloride method; while, potassium content was 
measured using Flam photometer (Toth et al., 1948). 

Statistical analysis: 

All obtained data were collected and statistically 
analyzed, using Co-Stat Software (2004), computer 
program for statistics. Duncan's multiple range test was 
used to compare the differences among the means of the 
treatments as elucidated by Steel and Torrie (1984). 

RESULTS AND DISCUSSIONS 

Main Effects of the Different Factors on the Studied 
Characters: 

The results of the main effects of the different 
studied factors; i.e., cultivars, organic manure and 
mineral NPK fertilizers; on vegetative growth, yield, 
yield components, and chemical composition of leaves 
and tubers characters of potato are shown in Tables 3, 4 
and 5. 

Vegetative growth characters: 

Concerning the main effects of the three studied 
factors; i.e., two cultivars, three organic manure rates 
and four mineral NPK fertilizer levels; on vegetative 
growth characters of potato plants, the results illustrated 
generally that the comparisons among the mean values 
of the studied characters for each factor appeared to be 
significant, in both growing seasons (Table 3). 

The obtained results concerning the main effects of 
potato cultivars illustrated generally that the used 
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cultivars differed significantly in all the studied 
vegetative growth characters, in both growing seasons. 
Cultivar Diamont gave the highest mean values of the 
characters plant height, number of aerial stems plant-1, 
and foliage fresh weight plant-1; whereas, cultivar 
Nicola gave the highest value of the leaves dry matter 
content parameter, in the two years (Table 3). Such 
results meant, generally, that the evaluated cultivars 
varied in their general performances with respect to 
those characters. The obtained results concerning the 
vegetative growth characters seemed to cope with the 
findings of several investigators such as:  Widdowson 
and Penny (1975); El-Nashar et al. (1995); Marwaha 
(1998) and Swaminathan et al. (1999). Since, they 
showed that potato cultivars differed significantly from 
each other in vegetative growth characters of potato 
plants.  

With respect to the main effects of organic manure 
on the vegetative growth characters,the results in Table 
3 showed that application of organic manure at the rate 
of 15 m3 ha.-1 significantly increased all the studied 
vegetative growth characters, compared to control , in 
both growing seasons. The results in Table 3 illustrated 
generally that using organic manure either at rate of 15 
m3 ha.-1 or 30 m3 ha.-1 reflected significant differences 
among the mean values of the characters plant height, 
number of aerial stems plant-1, foliage fresh weight 
plant-1 and leaves dry matter content, in the two 
growing seasons. Such results indicated generally that 
the potato cultivars responded well to application of 
organic manure. The obtained results suggested 
generally that increasing the morphological characters 
of potato after the application of organic manure 
application may be due to increasing the soil organic 
matter content, cation exchange capacity and mineral 
nutrients, which in turn encouraged the plant growth to 
go forward. In this respect, Ashour and Sarhan (1998) 
found that application of organic manure significantly 
increased foliage fresh weight plant-1 and plant height 
characters of potato. Similar findings were also reported 
by Abou-El-Salehein et al. (1999) for plant height and 
leaves dry matter content; El-Morsy et al. (2006) for 
plant height, number of main stems plant-1 and foliage 
fresh weight plant-1, and Alam et al. (2007) for plant 
height and number of main stems plant-1, who stated 
that application of organic manure fertilizer to potato 
plants increased the vegetative growth characters.  

As for the mineral NPK fertilizer effects on the 
vegetative growth characters, the results reflected 
generally that using the different levels of mineral NPK 
fertilizer  resulted in increasing effects on the characters 
plant height, number of aerial stems plant-1, foliage 
fresh weight plant-1 and leaves dry matter; comparing to 
control treatment, in both seasons. The simulative 

effects of NPK on growth parameters may be due to that 
nitrogen is an essential element for building up 
protoplasm, amino acids and proteins , which induce 
cell division and initiate meristematic activity; 
phosphorus is a part of molecular structure of nucleic 
acid (DNA and RNA), the energy transfer compounds 
and phosphor-proteins. Moreover, potassium is very 
important in activity, it was found to serve a vital role in 
photosynthesis by direct increasing in growth and leaf 
area and hence CO2 assimilation (Gardener et al. 1985). 

The application of inorganic NPK fertilizer at the 
rate of 300-150-150 kg ha.-1 (N2-P2-K2) to the grown 
potato plants, significantly, gave taller plants, more 
number of aerial stems plant-1, and attained heavier 
foliage fresh weight plant-1 and leaves dry matter 
content, compared with those of either control (P0-P0-
K0) or the other two levels (N1-P1-K1 and N3-P3-K3), in 
the two seasons of 2007 and 2008. Results obtained by 
many investigators seemed to confirm the obtained 
findings (Rabie, 1996; Ashour and Sarhan, 1998; 
Sarhan et al., 2004, and Alam et al., 2007). Since, they 
found that application of NPK resulted in significant 
increases in their studied vegetative growth characters 
of potato plants. 

Yield and its components: 

Regarding the results of the main effects of 
cultivars, organic manure and mineral NPK fertilizers 
on the yield and its components are presented in Table 
4. The obtained results reflected that the highest mean 
value of the characters tuber fresh weight, number of 
tubers plant-1, tubers weight plant and tuber dry matter 
content was given by the cultivar Diamont, compared to 
the cultivar Nicola, in both years.  Similar findings were 
also reported by several researchers such as Marwaha 
(1998); Swaminathan et al., (1999) and Shafeek et al., 
(2001), who found that the evaluated potato cultivars in 
their studied, significantly, differed from one another.  

Concerning the main effects of organic manure on 
yield characters, the results illustrated generally that 
application of organic manure reflected increasing 
effects on the mean values of all the studied yield and 
its component characters, in the two seasons. These 
results are in correspondence with those obtained 
byArisha and Bardisi (1999) and Awad et al. (2002) on 
potato plants Also, such results are in agreement with 
the findings of several researchers, who found that 
application of organic manure to potato plants gave 
significant effects on yield and its components 
characters (Karmanov and Gushchina, 1986; Saghin, 
1989, Sood et al., 1994, Reche et al., 1997; Kabeel and 
Hasanin, 2006; and Alam et al., 2007). The application 
of organic manure at the rate of 15 m3 ha.-1 (O-2) 
reflected the best treatment, which gave the highest 
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mean values for the yield and its components 
characters, comparing with the other two rates (O-1 and 

O-2), in the two seasons. 
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The favorable influences of organic manure 

application on tuberous yield and its components could 
be related to the vital role of organic manure in 
increasing the availability of nutrient supply, improve 
the efficiency of macro-elements as well as its ability to 
meet some micro-elements requirement of crop, which 
in turn, should be reflected on production of high yield. 

The results of the main effects of mineral NPK 
fertilizer levels on yield and its components characters 
illustrated generally that the comparisons among the 
mean values of each studied character were high 
enough to significant, in the two growing seasons. The 
results showed also that increasing mineral NPK 
fertilizer application up to 300-150-150 kg ha.-1 gave 
increasing effects on the yield and its components 
characters. The application of mineral NPK fertilizer at 
the rate of 300-150-150 kg ha.-1 (N2-P2-K2) was the 
most favorable treatment that gave the significant 
highest mean values of all the studied yield and its 
components characters, in the seasons of 2007 and 
2008. On the other side, application of NPK fertilizer 
with high level (400-200-200 kg ha.-1) resulted in 
decreasing effects on the studied yield and its 
component characters, in the two seasons. These results 
were generally in accordance with those reported by 
Adhikari and Sharma (2004); Danilchenko et al. (2005); 
Singh and Kushwah (2006), who found that increasing 
the application of NPK fertilizer resulted in increasing 
the potato yield and its component characters of potato. 
Similar trends were also obtained by Ashour and Sarhan 
(1998); and Alam et al. (2007), who found that using 
high rates of mineral NPK reflected increasing effects 
on yield and its components characters of potato. 

Chemical compositions: 

Pertaining the results of main effects of each studied 
factor on the chemical compositions of leaves and 
tubers of potato are shown in Table 5. Concerning the 
main effects of the cultivars on chemical parameters of 
potato, the results reflected significant differences 
among the values of each studied parameter in most 
cases, but, with different magnitudes, in the two winter 
seasons. 

In the first season of 2007, the differences between 
the mean values of N%, P% and total sugars were not 
high enough to be significant, as affected by the 
different two cultivars Nicola and Diamont; whereas, 
significant effects on K%, starch and carbohydrates 
contents were detected. In the second season of 2008, 
the comparisons between the two cultivars for the 
values of all the studied chemical parameters appeared 
to be insignificant, with only one exception. This 
exception was K%, which reflected significant 

difference between the two cultivars for this parameter. 
Such results seemed to indicate generally that the used 
potato cultivars differed in their chemical composition 
parameters. Concerning the starch content, Danilchenko 
et al., (2005) found that the cultivars used of potato 
differed in the content of starch.    

The comparisons among the values of the chemical 
composition of potato leaves and tubers as affected by 
the organic manure rates were found to be significant in 
most cases, but with different magnitudes, in both 
growing seasons. The best treatment was that of organic 
manure at the rate of 15m3. ha.-1, which gave the highest 
values for all the studied chemical compositions of 
leaves and tubers of potato, with the exception of total 
sugars in the first season (Table 5). The previous 
mentioned results were in general accordance with 
those reported by many researchers such as: Singh et al. 
(1996) for N% P% and K%; Blecharezyk and 
Skrzyezak (1996) for P% and K%; Arisha and Bardisi 
(1999) for starch and carbohydrates, who reported that 
using organic manure significantly increased the 
contents of leaves and tubers, in most cases, of potato 
plants.  

The results in Table 5 observed generally that the 
effects of mineral NPK fertilizers levels on the 
chemical composition parameters appeared to be high 
enough to be significant, with only one exception, in 
both seasons. The application of the highest level of 
NPK fertilizer (N3P3K3) at the rate of 300-200-200 
kg.ha.-1 gave significant highest value of N%, in the 
two years. Nevertheless, using the mineral NPK 
fertilizer at the rate of 200-150-150 kg ha.-1 reflected 
significant highest values of P%, K%, starch, and 
carbohydrates, in the seasons of 2007 and  2008. These 
results seemed generally to cope with the findings of 
Adhikari and Sharma (2004) for N,P and K contents in 
leaves; who found that application of NPK fertilizer 
with high levels gave high concentration of these 
elements in potato leaves. Concerning the starch 
content, Tashkhodzhaev (1985), and Danilchenko et 
al., (2005) found that application of NPK fertilizers 
increased this component in potato tuber. 

First-order interactions: 

Vegetative growth characters 

Results in Table 6 illustrated the effects of the first-
order interactions (cultivars x organic manure, cultivars 
x mineral NPK fertilizer, and organic manure x mineral 
NPK fertilizer) on vegetative growth characters of 
potato plants.  

The effect of interactions between cultivars and 
organic manure on the characters plant height, number 
of aerial stems plant-1, foliage fresh weight plant-1, and 
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leaves dry matter content were found to be significant, in both winter seasons. 
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The combination between the cultivar Diamont and the 
application of organic manure at the rate of 15m3 ha-1 

reflected the best interaction, which gave the significant 
highest mean values of all vegetative growth characters, 
with the exception of leaves dry matter content, in both 
years. Concerning leaves dry matter content, the results 
illustrated that the most favorable interactive effect for 
this parameter was the combination between cultivar 
Nicola and organic manure at the rate of (5m3 ha-1 (C-1 
x O-2), in both seasons.  

The presented results in Table 6 showed that using 
the cultivar Diamont combined with application of the 
third level of mineral NPK fertilizer at the rate of 300-
150-150 kg ha.-1 (C-2 x N2P2K2) gave the significant 
highest mean values of the characters plant height, 
number of aerial stems plant-1 and foliage fresh weight 
plant1, in both growing seasons. This result seemed to 
agree with the finding of Shafeek et al. (2001), who 
found that the potato cultivars significantly differed in 
vegetative growth characters as affected by mineral 
NPK fertilizers . The comparisons among the mean 
values of the dry matter content reflected that the best 
treatment combination between cultivars and mineral 
NPK fertilizer was given by the combination between 
cultivar Nicola and the application of mineral NPK 
fertilizer at the rate of 300-150-150 kg ha.-1 

Regarding the first order interaction effects between 
organic manure and mineral NPK fertilizer, the results 
reflected generally that the comparisons among the 
mean values for the vegetative growth characters as 
affected by these two factors appeared to be significant, 
but with different magnitudes, in the two growing 
seasons. The obtained results illustrated that organic 
manure application at the rate of 15 m3 ha.-1 combined 
with using the mineral NPK fertilizer at the rate of 300-
150-150 kg ha.-1 reflected the best interaction treatment, 
since it gave the highest mean values for all the studied 
vegetative growth characters, in both seasons. These 
results reflected such coping with those obtained by 
Ashour and Sarhan (1998) and Shafeek et al. (2001), 
who stated that the combination between organic 
manure and mineral NPK gave the highest mean values 
of vegetative growth characters of potato plants. On the 
other hand, the lowest mean values for the vegetative 
growth characters was given by the control treatment 
(without application) either of organic manure or 
mineral NPK fertilizer (O1 x P0P0K0), in the two years. 

Yield and its components characters: 

Results in Table 7 illustrated the first-order 
interaction effects; i.e., cultivars x organic manure, 
cultivars x mineral NPK fertilizers and organic manure 
x mineral NPK fertilizers; on the yield and its 

components characters, during the two growing seasons 
of 2007 and 2008.  

Concerning the effects of the interaction between 
cultivars and organic manure rates, the results reflected 
generally that the comparisons among the mean values 
of the characters tuber fresh weight, number of tubers 
plant-1, tubers weight plant-1 and tuber dry matter 
content were found to be significant, in both seasons. 
The obtained results showed that using the cultivar 
Diamont combined with the application of organic 
manure at the rate of 15m3 ha.-1 gave the most favorable 
interaction effect, which showed the significant highest 
mean values for all the studied yield and its component 
characters, in both years. The previous mentioned 
results could the explained, generally, on the basis of 
the used cultivars Nicola and Diamont reflected high 
response to using organic manure on the yield and its 
component characters. In this respect, Ashour and 
Sarhan (1998) found that using different rates of 
organic manure with different potato cultivars increased 
yield characters. Also, farmyard manure has a 
considerable effect on increasing the average tuber 
weight (Karmanov and Gushchiva, 1986); tuber yield 
(Saghin, 1989; Sood et al., 1994; Reche et al., 1997). 
However, further increase of farmyard manure was not 
effective on average tuber weight and tuber yield 
(Karmanov and Gushchiva, 1986) of potato plants. 

Pertaining the interaction effects of the two cultivars 
and the four levels of mineral NPK fertilizers on the 
yield and its components characters, the results in Table 
7 exhibited significant differences, within each studied 
character, in both seasons. Comparisons among the 
mean values of the different treatment combinations 
indicated that values of all the studied yield and its 
components parameters for the combination between 
cultivar Diamont and application of mineral NPK 
fertilizer at the rate of 300-150-150 kg ha.-1 were 
significantly higher, than those of all other treatment 
combinations, in both growing seasons. Such results 
generally reflected agreement with those reported by 
Shafeek etal. (2001), who found that potato cultivars 
differed in their responses to application of mineral 
NPK for the yield and its components characters. Also, 
the same authors found that increasing the mineral NPK 
fertilizer resulted in the high values of some yield and 
its components characters of potato. 

The effects of interactions between the different 
rates of organic manure and mineral NPK fertilizer on 
the studied yield and its components characters of 
potato plants were found to be significant, in the two 
seasons, as shown in Table 7. The application of 
organic manure at the rate of 15m3 ha.-1combined with 
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resulted in the significant highest mean values for the 
characters tuber fresh weight plant-1, number of tubers 
plant-1, tubers weight plant-1 and tuber dry matter 
contents, in the seasons of 2007 and 2008. The 
mentioned results concerning the yield and its 
components characters were in general accordance with 
those reported by many investigators such as Efremov 
and Samoilov (1985); Anomika and Singh (1996), and 
Ashour and Sarhan (1998) for tuber yield; Spoil and 
Fedotova (1987) for tuber weight; Borin and Magrini 
(1987) for number of tubers plant-1 since, they found 
that combination between NPK and organic manure 
were found to be more effective in their studied 
characters of potato. 

Chemical composition parameters: 

The results of the first-order interaction effects of 
cultivars, organic manure and mineral NPK fertilizer on 
the chemical composition of leaves and tubers of 
potatoes plants, during the seasons of 2007 and 2008 
are shown in Table 8. 

Concerning the interaction effects between the 
cultivars and organic manure rates on chemical 
compositions, the results reflected generally that the 
differences among the mean values of each studied 
parameter were found to be significant, in most cases, 
but with different magnitudes, in both seasons. The 
obtained results indicated that the highest values of N%, 
P%, starch and carbohydrates contents, in both seasons, 
were given by the combination between cultivar Nicola 
and application of organic manure at the rate of 15m3. 
ha.-1. Whereas, using the cultivar Diamont without 
addition organic manure gave the highest value of 
sugars content, in the two seasons. The combination 
between  cultivar Diamont and application of organic 
manure at the rate of 15m3. ha.-1 reflected the highest 
value of K%, in both seasons. Generally, the obtained 
results seemed to agree with those obtained by Striban 
et al., (1984) and Makaraviciute (2003) for 
carbohydrates; Singh et al., (1996) for N, P and K 
percentages; and El-Sirafy et al., (2008) for starch 
content, who found that organic manure application to 
the potato plants increased the chemical compositions in 
their studies characters.  

Regarding the interaction effects between cultivars 
and mineral NPK fertilizer on the chemical composition 
parameters, the results reflected generally that the 
differences among values of the studied parameters 
were high enough to be significant, in most cases, in the 
two growing seasons. The highest values of the 
parameters N%, P%, K%, starch and carbohydrates 
contents were given by the combination between the 
cultivar Diamont combined with application of mineral 

NPK fertilizer at the rate of 300-150-150 kg ha.-1, in 
both seasons.  These results indicated generally that the 
two cultivars reflected different responses to application 
of mineral NPK fertilizers for the chemical composition 
parameters. Adhikari and Sharma (2004) found that 
application of mineral NPK fertilizer with increasing 
level resulted in increasing in N, P and K contents of 
potato leaves. The results illustrated also that the lowest 
value of sugars content was given by using the cultivar 
Diamont without application of mineral NPK fertilizer 
(control), in the two years. 

As for the interaction effects between organic 
manure rates and mineral NPK fertilizer levels on the 
chemical composition of leaves and tubers, the obtained 
results indicated that the treatment combination between 
application of organic manure at the rate of 15m3 ha.-1 

combined with the application of mineral NPK at the 
rate of 300-150-150 kg ha.-1, gave the highest values of 
all the studied chemical composition parameters, with 
only one exception. This exception was the total sugars 
parameter, which reflected the best (lowest value) 
combination between the previously mentioned 
interaction treatments. Such results seemed to agree 
with the finding of Abou-El-Salehein et al. (1994), who 
found that the combination between potassium fertilizer 
and organic manure gave increasing effects on starch, 
carbohydrates and total sugars contents.  

Second-order interaction effects: 

The results presented in Tables 9, 10 and 11 
illustrated the effects of the second-order interactions 
among cultivars, organic manure rates and mineral NPK 
levels on vegetative growth, yield and its components, 
and chemical composition of leaves and tubers of potato 
plants in the seasons of 2007 and 2008. 

Vegetative growth characters: 

Table 9 showed that the comparisons among the 
mean values of all the treatment combinations for the 
plant height, number of aerial stems plant-1, foliage 
fresh weight plant-1 and leaves dry matter content 
characters were high enough to be significant, in most 
cases, but with different magnitudes, in the two seasons. 
Such results generally indicated that the studied 
cultivars of potato reflected high responses, but with 
different degree, to the application of both fertilizers 
organic manure and mineral NPK. Since, the 
combinations among the three studied factors reflected 
positive effects on most studied vegetative growth 
characters. Also, it is well known that good cultivars are 
essential for the production of a satisfactory crop of 
vegetables for both growers and consumers. In addition, 
the fertilizers either of organic and/or inorganic are 
essential for plant growth and yield. 
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Table 9. Second- order interaction effects among the three factors, i.e., cultivars, organic 
manure and mineral NPK; on vegetative growth characters of potato, during the seasons of 
2007 and 2008 

Seasons 2007 2008 
Characters   

Treatments 

Plant 
height   

(cm) 

No. of 
aerial 
stems 
plant-1 

Foliage 
fresh 

weight 
(g/plant) 

Leaves 
dry 

matter 
(%) 

Plant 
height   

(cm) 

No. of 
aerial 
stems 
plant-1 

Foliage 
fresh 

weight 
(g/plant) 

Leaves 
dry 

matter 
(%) 

Cultivars X organic X mineral NPK 
C-1 X 0-1 X N0 P0K0 35.16 o 2.00 m 63.54 s 9.35 j 47.20 o 1.99 l 61.68 i 8.60 i 
C-1 X 0-1 X N0 P1K1 38.57 n 2.32 l 68.69 r 10.21 hi 53.92 m 2.17 l 69.90 i 9.86 h 
C-1 X 0-1 X N0 P2K2 42.20 l 2.42 kl 75.69 g 11.15 g 55.53 m 2.72 k 79.19 i 12.80 ef 
C-1 X 0-1 X N0 P3K3 44.27 i-k 2.81 ij 79.71 g 12.14 f 57.62 l 3.13 ij 82.91 hi 13.79 d 
C-1 X 0-2 X N0 P0K0 40.21 mn 2.01 m 68.76 r 11.45 g 63.57 ij 2.21 l 71.34 i 12.75 ef 
C-1 X 0-2 X N0 P1K1 45.25 ij 3.11 h 99.34 m 15.00 b 70.21 ef 3.73 ef 111.71 g 15.56 b 
C-1 X 0-2 X N0 P2K2 58.48 d 4.71 b 167.72 f 16.95 a 79.28 a 4.90 b 185.37 cd 17.19 a 
C-1 X 0-2 X N0 P3K3 51.19 g 3.65 ef 165.61 g 13.21 e 68.31 g 3.52 f-h 172.81 de 14.65 c 
C-1 X 0-3 X N0 P0K0 43.28 kl 3.27 gh 91.92 n 14.02 d 59.18 kl 3.19 h-j 110.25 gh 12.34 f 
C-1 X 0-3 X N0 P1K1 50.62 g 3.64 ef 122.83 l 15.17 b 74.89 b 3.70 ef 132.11 fg 14.51 c 
C-1 X 0-3 X N0 P2K2 53.33 f 3.85 de 141.87 j 14.51 c 72.34 cd 3.91 de 161.07 de 15.64 b 
C-1 X 0-3 X N0 P3K3 43.74 i-l 3.65 ef 151.94 i 13.15 e 65.58 h 3.39 f-i 173.21 de 13.64 d 
C-2 X 0-1 X N0 P0K0 33.65 o 2.62 jk 97.90 m 12.11 f 49.51 n 2.75 k 113.74 g 11.10 g 
C-2 X 0-1 X N0 P1K1 40.14 mn 2.79 ij 86.96 o 12.01 f 59.40 k 2.91 jk 110.82 gh 12.29 f 
C-2 X 0-1 X N0 P2K2 44.98 ij 3.15 h 135.79 k 11.17 g 54.86 m 3.21 h-i 150.44 ef 12.66 f 
C-2 X 0-1 X N0 P3K3 48.29 h 4.07 d 160.79 h 10.52 h 60.12 k 4.12 cd 160.77 de 10.10 g 
C-2 X 0-2 X N0 P0K0 40.29 m 3.17 h 150.32 i 9.97 i 64.67 hi 3.17 h-j 169.47 de 10.82 g 
C-2 X 0-2 X N0 P1K1 56.32 e 4.42 c 190.13 e 12.80 e 68.69 fg 4.43 c 222.20 ab 13.45 d 
C-2 X 0-2 X N0 P2K2 77.15 a 5.64 a 241.48 a 13.95 d 79.83 a 5.93 a 240.07 a 15.67 b 
C-2 X 0-2 X N0 P3K3 60.34 c 4.36 c 220.47 c 12.31 f 70.95 de 4.33 c 215.87 ab 13.27 de 
C-2 X 0-3 X N0 P0K0 45.54 j 3.28 gh 160.71 h 14.22 cd 62.56 j 3.33 g-i 175.59 de 14.71 c 
C-2 X 0-3 X N0 P1K1 67.23 b 3.62 ef 190.11 e 12.07 f 73.98 bc 3.73 ef 211.88 bc 12.76 ef 
C-2 X 0-3 X N0 P2K2 60.67 c 3.48 fg 230.64 b 11.14 g 69.69e-g 3.61 e-g 225.18 ab 11.10 g 
C-2 X 0-3 X N0 P3K3 61.87 c 3.03 hi 217.17 d 10.17 hi 65.23 hi 3.13 ij 220.62 ab 10.00 h 

Values followed by the same letter (s), within a comparable group of means of the second order interaction effects, are not significantly different, 
using revised L.S.D.test at 0.05 level.  

'The best interaction treatment combination was 
achieved by the combination among the cultivar 
Diamont combined with application of organic manure 
at the rate of 15m3 ha.-1 and the application of mineral 
NPK fertilizer at the rate of 300-150-150 kg ha.-1, which 
resulted in the highest mean values of the characters 
plant height, number of aerial stems plant-1, and foliage 
fresh weight plant-1, in the two experimental seasons. In 
this respect, Ashour and Sarhan (1998) found that 
addition of organic manure combined with mineral 
NPK fertilizers gave the highest values of vegetative 
growth characters of potato. Also, Awad (2005) found 
similar finding concerning the effects of organic and 
inorganic fertilizers on vegetative growth characters of 
potato plants. Concerning the leaves dry matter content 
parameter, the results, in both seasons, indicated that the 
best interaction treatment was given by the 
combinations among cultivar Nicola and application of 

organic manure at the rate of 15 m3 ha.-1 combined with 
application of mineral NPK fertilizer at the rate of 300-
150-150 kg ha.-1, which reflected the highest mean 
value of this parameter. 

Yield and its components characters: 

Concerning the second-order interaction effects 
among the two potato cultivars, three organic manure 
rates and four mineral NPK fertilizer levels on yield and 
its components characters, the comparisons among the 
mean values of each studied character appeared to be 
significant, during both seasons (Table10). The 
obtained results indicated that the most favorable 
interaction effect was given by the combinations among 
the cultivar Diamont combined with the application of 
organic manure at the rate of 15m3 ha.-1 and using the 
mineral NPK  fertilizer  at  the  rate  of  300-150-150 kg 
ha.-1,   
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Table 10. Second

 
order interaction effects among the three factors, i.e., cultivars, organic 

manure and mineral NPK; on yield characters of potato, during the seasons of 2007 and 
2008 

Seasons 2007 2008 
Characters   

Treatments 

Tuber 
fresh 

weight  
(g) 

No. of 
tubers 
plant-1 

Tubers 
weight 

per plant 
(kg) 

Tuber 
dry 

matter 
(%) 

Tuber 
fresh 

weight  
(g) 

No. of 
tubers 
plant-1 

Tubers 
weight per 

plant  
(kg) 

Tuber 
dry 

matter 
(%) 

Cultivars X organic X mineral NPK 
C-1 X 0-1 X N0 P0K0 75.61 p 4.34 l 0.325 r 14.17 o 72.75 m 3.92 k 0.285 m 13.74 m 
C-1 X 0-1 X N0 P1K1 80.88 n 4.47 l 0.367q 17.17mn 81.70 kl 4.20 k 0.370 l 18.15 j 
C-1 X 0-1 X N0 P2K2 83.81 m 5.41 k 0.451 p 17.10 n 84.63 jk 5.66 j 0.479 k 16.67 k 
C-1 X 0-1 X N0 P3K3 85.77 l 6.54 i 0.566 m 15.00 o 87.78 ik 6.84 hi 0.601 j 14.78 l 
C-1 X 0-2 X N0 P0K0 78.23 o 5.14 k 0.516 o 19.11 jk 80.48 l 5.69 j 0.431 kl 19.03 i 
C-1 X 0-2 X N0 P1K1 95.90 j 8.95 d 0.852 g 2024 hi 93.21 h 9.11 c-e 0.848 gh 21.11 fg 
C-1 X 0-2 X N0 P2K2 115.81 e 11.36 b 1.314 c 28.96 b 126.52 c 12.01 b 1.646 b 28.70 b 
C-1 X 0-2 X N0 P3K3 105.61 g 7.72 g 0.813 i 22.14 f 111.48 e 7.89 fg 0.880 fg 23.16 e 
C-1 X 0-3 X N0 P0K0 97.19 i 8.61 e 0.834 h 23.84 e 101.19 fg 9.18 cd 0.929 ef 24.26 d 
C-1 X 0-3 X N0 P1K1 95.52 j 9.12 cd 0.862 g 24.18 e 92.25 h 9.75 cd 0.927 ef 24.76 d 
C-1 X 0-3 X N0 P2K2 100.66 h 7.36 h 0.735 j 25.28 d 110.84 e 7.72 fg 0.856 g 26.15 c 
C-1 X 0-3 X N0 P3K3 110.92 f 6.12 j 0.676 l 23.37 e 125.14 cd 6.32 ij 0.790 h 22.97 e 
C-2 X 0-1 X N0 P0K0 85.74 l 5.28 k 0.453 p 18.86 kl 82.12 kl 5.79 j 0.475 k 19.71 hi 
C-2 X 0-1 X N0 P1K1 90.23 k 6.13 j 0.552 n 19.99 ij 89.96 hi 6.81 hi 0.611 j 20.11 h 
C-2 X 0-1 X N0 P2K2 95.64 j 7.15 h 0.678 l 21.89 fg 97.81 g 7.20 gh 0.705 i 20.89 g 
C-2 X 0-1 X N0 P3K3 100.36 h 8.86 de 0.883 f 21.04 gh 103.67 f 9.24 cd 0.956 de 21.74 f 
C-2 X 0-2 X N0 P0K0 110.73 f 8.13 f 0.904 e 19.17 jk 113.24 e 8.94 de 1.012 d 19.71 hi 
C-2 X 0-2 X N0 P1K1 135.32 b 11.10 b 1.509 b 20.56 hi 140.71 b 11.42 b 1.606 b 21.11 fg 
C-2 X 0-2 X N0 P2K2 150.20 a 12.84 a 1.926 a 29.94 a 155.63 a 13.12 a 2.022 a 30.13 a 
C-2 X 0-2 X N0 P3K3 130.10 c 9.31 c 1.213 d 25.28 d 140.77 b 9.76 c 1.374 c 26.19 c 
C-2 X 0-3 X N0 P0K0 98.35 i 7.23 h 0.710 k 27.48 c 112.19 e 7.54 f-h 0.846 gh 28.13 b 
C-2 X 0-3 X N0 P1K1 105.08  g 8.17 f 0.864 g 22.26 f 111.18 e 8.34 ef 0.926 ef 23.20 e 
C-2 X 0-3 X N0 P2K2 115.68 e 7.11 h 0.821 i 21.60 fg 122.11 d 7.16 gh 0.874 fg 21.00 fg 
C-2 X 0-3 X N0 P3K3 120.19 d 6.12 j 0.734 j 18.08 lm 127.89 c 6.20 ij 0.793 h 19.18 i 

Values followed by the same letter (s), within a comparable group of means of the second order interaction effects, are not significantly different, 
using revised L.S.D. test at 0.05 level. 

during both seasons. This favorable interaction effect 
gave the highest mean values of all the studied yield and 
its components. Similarly, Singh and Kushwah (2006) 
and Alam et al., (2007) showed that application of 
organic manure combined with mineral NPK fertilizers 
increased yield and its components characters of potato.    

Chemical composition parameters : 

The presented results in Table 11 illustrated the 
effects of the second-order interaction among the 
different studied factors on the chemical composition 
parameters of potato leaves and tubers. The results 
reflected generally that the differences among the 
values of all the studied parameters appeared to be 
significant, but with different magnitudes, with the 
exception of P% value, which appeared to be 

insignificant, during the two growing seasons. The 
results reflected generally that using each cultivar and 
application of organic manure at the rate of 15 or 30 m3. 
ha-1 combined with increasing the application of mineral 
NPK fertilizer gave higher values of N% and K%, in 
both seasons.  

Results in Table 11 showed the interaction effects 
among the three studied factors on the chemical 
composition of tubers quality parameter starch, sugars 
and carbohydrates, in both growing seasons. The results 
reflected generally that the comparisons among the 
values of each studied parameter were significant, but 
with different magnitudes. The highest value of each of  
starch % and carbohydrates% was given by the 
interaction among the cultivar Nicola combined with the 
application of organic mature at the rate of 15m3 ha.-1  
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and application of mineral NPK fertilizer at the rate of 
300-150-150 kg ha.-1, in the two growing seasons. 
Concerning the sugars content, the best interaction 
effect that gave the lowest value of this parameter was 
the combination among cultivar Diamont and 
application of organic manure at the rate of 15m3 ha.-1 

combined with the mineral NPK fertilizer at the rate of 
400-200-200 kg ha.-1, during the two seasons. Such 
results seemed, generally, to agree with those obtained 
by Danilchenko et al. (2005) for starch; Shafeek et al. 
(2001) for N, P and K contents, who found that 
cultivars of potato, organic manure and mineral 
fertilizers in their combinations reflected positive 
effects on the studied chemical compositions of leaves 
and tubers of potato. 
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