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ABSTRACT

Two field experiments were conducted on potato (Solanum tuberosum L.)
Spunta cv plants during the winter seasons of 2008/2009 and 2009/2010 at Kafre
Meet Faris village near EI-Mansoura, Dakahlia Governorate, Egypt, to study the effect
of organic fertilizer rates (20, 30 and 40 m3/fed) and some inorganic fertilizers (NPK)
levels (100%, 75% and 50% from recommended dose), either alone or in combination
with foliar spray with some macronutrients sources (Hi-Fertil 1 and Ferty More) on the
plant growth, yield, and yield components.

The results showed that the plants fertilized with 40 m*/fed. farmyard manure
(FYM) followed by 30 m®fed. significantly increased plant stem length, number of
leaves/plant, leaf area/plant and foliage dry weight/plant as well as average of tubers
weight/plant and total yield.

Increasing the supplied NPK level up to 100% from recommended level caused
significant increases in the most vegetative growth parameters.Also, tubers
weight/plant, marketable yield and total yield were increased significantly.

Also, the results indicated that the plants sprayed with Hi-Fertil 1(19-19-19,
NPK), had a significant effect in most vegetative growth parameters while, plants
sprayed with Ferty More (5-3-43, NPK) resulted in significant increases in foliage dry
weight/plant, tubers weight/plant, marketable yield and total yield.

In general, the best results were obtained by using 40 m® FYM, 50% NPK level
and foliar spray with Ferty More (5-3-43, NPK) followed by the interaction among 40
m® FYM, 50% NPK level and foliar spray with Hi-Fertil 1(19-19-19, NPK). These
treatments achieved increases in tubers weight/plant total yield and marketable yield
as well as decreasing unmarketable yield. Therefore, these treatments could be
recommended for raising productivity, improving quality of potato and will also
decrease the pollution of environment under the conditions of El-Dakahlia
Governorate.

Keywords: Potato, Solanum tuberosum, organic farming, farmyard manure, FYM,
mineral fertilizers, NPK, foliar application, foliar fertilization, vegetative
growth, yield.

INTRODUCTION

Potato (Solanum tuberosum L.) is a major world food crop. Potato is
exceeded only by wheat, rice, and maize in world production for human
consumption. In Egypt, it has been generally cultivated for both local
consumption and export.
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Therefore, increasing potato yield and improving tuber quality are
essential aims for both growers and consumers, but it usually depends on
many factors especially that influence the plant growth throughout the growth
period. Nitrogen, phosphorus and potassium nutrition are three of major
factors affecting growth, yield and quality of potato. However, there are some
problems which prevent the farmers to use sufficient amounts of nitrogen
phosphorus and potassium, such as nutritional requirements of potato plants
are quite high, the continuous increases in the costs of using chemical
fertilizers and environment pollution problems.

Therefore, it has become essential using safe substitute or
supplements for chemical fertilizers, reduce the costs of produced yield and
environmental pollution as well as increase production and improve quality of
potato. One of the ways is to use organic manures as a source of essential
nutrients, increased nutrient supply and improved the efficiency of
macronutrients as well as its ability to meet some micronutrients
requirements such as Fe, Zn, Mn and Cu which were reflected on plant
uptake and plant growth, in addition to positive effect on the environment and
public health (Kolbe et al.,, 1995; EL-Nagar,1996). Several investigators
reported that potato plants growth, yield and its quality as well as N, P, K, Fe,
Zn, and Mn content in the plant tubers were affected by organic fertilization.
In this respect, Abou-Hussein (1995), Abdel-Ati (1998), Arisha and Bardisi
(1999); Abou-Hussein et al. (2002a and b), Awad et al. (2002) and Abd El-
Kader (2002). Abou-Hussein et al. (2003) indicated that applying cattle
manure combined with chicken manure increased tuber dry matter, total
carbohydrates, specific gratify and potato tuber yield. In the same manner,
Radwan and Tawfik (2004) reported that organic fertilization improved plant
growth characters, yield and its quality and the content of Fe in potato tuber,
El-Kassas et al. (2005) and El-Morsy et al. (2006) found that using chicken
manure increased all vegetative growth characters, number of tubers/plant,
average tuber weight, total tuber yield and chemical constituents in tubers.

Also, it is notable that, the other way is use the foliar fertilization. The
foliar application is more economical than root fertilization due to the
efficiency and lower cost. It is usually preferred because very small amounts
of fertilizers are applied per feddan. It also reduces the number of passes of
the applicant thereby reducing problem of soil compactness as well as less
likely to result in ground water pollution. Foliar application of nitrogen (N),
phosphorus (P) and potassium (K) maintains leaf nutrition in photosynthesis,
enhances N, P and K content, carbon (C) balance and self-destructive
mechanisms that have resulted in higher yields in crop plants (Boote et al.,
1978), Increasing the yield due to foliar nutrient in different crops has been
well documented previously (Singh et al., 1996 and Ali and Mishra, 2001).

Therefore, the main objective of the present study is to evaluate the
effect of organic manure (FYM) rates, some inorganic NPK fertilizers levels,
either alone or in combination with some sources of macronutrients foliar
spray on the plant growth, yield and its components of potato plants under
the conditions of El-Dakahlia Governorate.
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MATERIALS AND METHODS

In two field trials, potato ( Solanum tuberosum L. ) Spunta cv plants
were grown in clay soil during the two winter seasons of 2008/2009 and
2009/2010 at Kafr Meet Faris village near EI-Mansoura, Dakahlia
Governorate, Egypt, to study the effect of farmyard manure (FYM) rates and
some inorganic fertilizers (NPK) levels, either alone or in combination with
some sources of macronutrients foliar spray on the plant growth, yield and its
components of potato plants. Tuber seeds were planted on 17" and 19" of
October in the first and the second seasons, respectively.

Randomized samples were obtained from the experiment soil before
the application of organic and chemical fertilization in both seasons of this
study to determine the physical and chemical contents according to the
standard method described by Jackson (1973). The obtained results are
presented in Table (1).

Table (1): Physical and chemical analysis of the experimental soil.
Physical properties (%) Chemical properties

Fine | Coarse O.M [Total N Avail Exch.| pH

sand | sand |EVTE) 06) | 00 (pl?m) (pme) %//%/)5

2008/2009 [49.71 [ 25.73|23.00| 1.56 clay [1.90| 0.13 7.15 |215.00] 7.90
2009/2010 | 49.93 | 25.88|22.47| 1.72 clay |2.10| 0.14 7.95 229.00] 8.02

Seasons | ooy | silt

The experimental design was split-split plots in a randomized block
design with three replicates. Organic fertilizer rates occupied the main plots
which were subdivided to 4 sub plots each contained one of the mineral
nutrients (NPK) levels, while, the foliar spray treatments with macronutrients
were occupied the sub-sub plot. The sub-sub plot area was 17.5 m? (1/400
fed.) which contained 5 rows, each 5 m long and 0.7m width. The experiment
included 27 treatments which were the combination among 3 rates of
farmyard manure fertilizer (FYM), 3 levels of mineral nutrients (NPK) and 3
treatments of foliar spray of macronutrients including control treatment as
follows:

Organic manure rates (main plots):
1- 20 m®/fed. FYM (Control treatment).
2- 30 m® /fed. FYM.
3- 40 m® /fed. FYM.

Organic manure rates were distributed, spreaded and thoroughly
mixed with the surface soil layer (0 - 20 cm) at preparing the soil before
planting. The farmyard manure (FYM) used analysis was shown in Table (2)
as follows:

Table (2): Chemical analysis of farmyard manure (FYM).

Macroelements (%) Microelements (ppm)
N P K Fe Zn Mn
1.580 0.553 1.625 346 210 185

According to methods of (Jackson, 1973).
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Mineral Fertilizers (NPK) levels (sub plots):
1- 100% NPK from recommended dose (180 Kg N + 75 Kg P,Os + 96 Kg

K,Olfed.).

2- 75 % NPK from recommended dose (135 Kg N + 56.25 Kg P,Os + 72 Kg
K,Of/fed.).

3- 50 % NPK from recommended dose (90 Kg N + 37.5 Kg P,Os — 48 Kg
K,O/Fed.).

Nitrogen was applied in the form of ordinary ammonium nitrate
(33.5%N), phosphorus was applied in the form of calcium superphosphate
(15.5% P,0s), and potassium was applied in the form of potassium sulphate
(48% K,0).

Ammonium nitrate and superphosphate were divided and applied at
two equal doses with the first and second irrigation and potassium sulfate
was added at two times before second and third irrigation.

Macronutrients foliar spray sources (sub-sub plots):

1- Control (untreated with macronutrients)

2- Hi-Fertil 1 (19-19-19, NPK).

3- Ferty More (5-3-43, NPK).

Hi-Fertil 1 and Ferty More were supplied as a foliar application at 45, 55 and
65 days after planting in the rate of 3 g/L. The control treatment was
sprayed with tap water.

Hi-Fertil 1 and Ferty More are a commercial fertilizers locally produced
by Egyptian Fertilizer development center, AL DELTA for fertilizer and
chemicals industry, Egypt.

The other cultural practices were applied according to the instructions
laid down by the Ministry of Agriculture, Egypt.

Data recorded and statistical analysis:

Vegetative growth characteristics:

A random sample of three potato plants were taken from each plot at
90 days after planting (DAP) to estimate the plant stem length, number of
leaves/plant, leaf area/plant (according to the method of Koller, 1972), foliage
fresh weight/plant and foliage dry weight/plant.

Yield and its components:

At harvest time, 105 days after planting (DAP), all tubers of plants of
each sub-sub plots were dig up, weighted in kg and converted to total yield
(tons/fed), graded to three classes according to tuber diameter, <30 mm, 30-
60 mm, and >60 mm, then each grade was weighted separtely. Marketable
yield including good shapes healthy tubers which from 30-60 mm and >60
mm, while, unmarketable yield of culls (offshape, blemished, green and
diseased) and <30 mm in diameter. Also, average of tubers weight/plant was
measured.

All data were subjected to the statistical analysis and means were
compared using new L.S.D according to (Gomez and Gomez 1984).
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RESULTS AND DISCUSSION

Plant growth characteristics:

Data presented in Table (3) show that stem length, number of leaves
per plant, Leaf area and foliage fresh and dry weight were increased
significantly with increasing FYM rates up to 40 m®fed in both seasons.
These increases in all plant growth parameters may be related to the higher
contents of macro-elements (NPK) in FYM (Table 2) and this led to an
increase of the metabolism activity and consequently increasing of plant
growth. These results are in agreement with those of Karadogan (1996),
Abou-Hussein et al. (2002 b) Singh and Kushwah (2006). El-Sirafy et al.
(2008) reported that plant vegetative growth parameters expressed as plant
height, number of leaves, foliage fresh and dry weight were increased with
increasing FYM rate.

Table (3): Vegetative growth characters as affected by FYM rates, NPK
levels and macronutrients foliar spray sources during
2008/2009 (S1) and 2009/2010 (S2) winter seasons.

Characters Stem Number of Leaf Plant fresh Plant dry
length/plant leaves area weight weight
(cm) / plant (m?) @ @)
Treatments [S1  [S2 Sl [s2 Sl [s2 S1  [s2 S1  [s2
FYM rates:
Y m 55.63 | ov.YY [ YAAY [ Ya ee [ o ¥Y C Yo [YYV EA[YYA V] Yo A) [Yory
3 m° YV ey [ e [ Yy yy | ove ¥V [Yov Yy [Yoo ve [ YY oY [¥. tA
4em WAL YAV YYVA | Ye oy [ o ¥A VYA YA YA YAY v [ ¥ et [y
LSD 5% AR R V. Ae ‘LYY ALY D] D] v.AQ o.¢4 oYY YA
NPK levels:
Vo0 WA [ e ey [ 2326 YEN [ XA YA YV AR YVY YA v ve [YA Ve
XA oda YV [ eaAe | Yoy, [ YN[ +¥o YU [Yea [ Yee Ny [ ¥y A [ ¥ e
50% oY Y. | co Ay [ YA A | Yooy | vy «¥e [Yroea[YFra eda | YY Ao [¥Y Yo
LSD 5% AIA \YY A A D 1 D] Y.vy YA oY Yo
Foliar spray sources:
Control oY Ao [ oY oY [ YA &Y [ VAo [ «¥. YUYV AT Yee ge [ YA [YIVA
Hi-Fertil 1 YA ARV Yesa | Yo xyu [ gy CEY [Yarar[veaava| vyae [¥y .
Ferty More X1 oAA | Yean | YYey [ L ¥e CYY Yoy ea|Yey av | ¥uaAe [ve ¥R
LSD at 5% \.Y¢ AR e Y oo oo Y.vae YAy Yo oYY

As regard to the effect of NPK levels on vegetative growth, data in
Table (3) indicated that increasing NPK level up to level one 100% NPK
(180+75+96 unit/fed) recorded the highest values in plant height, number of
leaves/plant, leaf area/plant and foliage fresh weight/plant in both seasons.
While, the foliage dry weight/plant was reduced at plants received 100%
NPK. These results may be related to the vital role of nitrogen, phosphorus
and potassium nutrition as the major factors affecting growth such as nitrogen
is a main constituent of many organic compounds in plants, phosphorus plays
an important role in accumulation and release of energy during cellular
metabolism and potassium plays a vital role for a normal cell division of
plants (Gardener et al., 1985; Marschner, 1995 and Black, 1973). Several
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investigators reported that, plant height, number of main stems, fresh and dry
weight of plant foliage were significantly increased with increasing NPK level
(Jasiwal, 1995; Rabie, 1996; Arisha and Bardisi, 1999; Sarhan et al., 2004;
Al-Moshileh and Moftah, 2005 and Abd El-Aal et al., 2008).

Concerning the effect of foliar spray (NPK) on vegetative growth, data
presented in Table (3) indicated that plant height, number of leaves/plant, leaf
area/plant and foliage fresh and dry weight/plant significantly increased at the
plants sprayed with Hi-Fertil 1 (19-19-19 NPK) in both seasons of study.
These results may be related to the fact that these elements which can be
readily absorbed by the leaves as a result of foliar spraying application and
not lost through fixation, decomposition or leaching under unfavorable soils
conditions (Doeing, 1986). Similar results were found by Joudu et al. (2001),
Ayyub et al. (2006) and Al-Betar and Abdou (2010).

With respect to the effect of interaction between FYM rates and NPK
levels, data presented in Table (4) showed that potato plants fertilized with 40
m® FYM rate and 100% NPK level resulted in the highest significant number
of leaves/plant in both seasons, but, these increases in leaf area and plant
fresh weight were significant in the first season only. On the other hand, the
highest foliage dry weight/plant was obtained from plants received 50% NPK
followed by 75% NPK under 40 m® FYM rate in both seasons. It is notable
that, there were no significant differences between plant dry weight values
when plants received 50% NPK or 75% NPK levels under application of 30
m® or 40 m*® FYM rates in both seasons. In this respect, Abd El-Kader
(2002) reported that potato plants fertilized with 30 m®/fed farmyard manure
and NPK level (90-85-170 kg/fed) resulted in the highest significant plant
height, number of leaves/plant, foliage fresh weight/plant foliage dry
weight/plant and leaf area/plant. Same results reported by Borin et al. (1987)
Dorobantu et al. (1989) and EI-Banna and Abd El-Salam (2000).

Also, data presented in Table (4) show that the interaction between
FYM rates and foliar spray (NPK) had a positive significant effects on plant
fresh weight and foliage dry weight/plant in both seasons. While, plant stem
length and leaf area were affect significantly in the first season only and
number of leaves/plant was affected in second season only. Data indicated
also, plants treated by Hi-Fertil 1 as a macronutrient foliar spray source and
fertilized with 40 m® FYM/fed gave the highest values of vegetative growth
parameters followed by the same foliar spray source with 30 m® FYM/fed. in
both seasons.

Regarding, the effect of interaction between NPK levels and foliar spray
NPK on vegetative growth parameters, data in Table (4) indicated that this
interaction had a positive significant effects on number of leaves/plant, plant
fresh weight and plant dry weight in both seasons. While, the plant stem
length was affected in the first season only. On the other hand, results also
indicated that the highest record in plant dry weight was obtained from plants
sprayed with Ferty More (5-3-43, NPK) and fertilized with 50% or 75% NPK
levels in both seasons.
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Table (4): Vegetative growth characters as affected by the interactions
of FYM rates x NPK levels, FYM x macronutrients foliar
spray sources and NPK levels x Foliar sources during
2008/2009 (S1) and 2009/2010 (S2) winter seasons.

Stem Number of Leaf Plant fresh Plant dry
Characters length/plant leaves area weight weight
(cm) / plant (M?) @ @)
Treatments Ss1 | s2 S1 | s2 [s1[s2] s1 | s2 S1 [ s2
FYM NPK levels
rates
100% 57.56 | 62.56 | 19.33|20.33| 0.35 | 0.36 | 248.78 | 242.89 | 27.11 | 26.56
Yom? 75% 55.33| 57.00 | 18.56 [19.33[0.32 ]| 0.35 | 224.22|227.67 | 25.78 | 25.11
50% 54.00| 52.11 |18.00|18.67 | 0.32 | 0.33 | 209.44 | 213.67 | 24.56 | 24.33
100% 63.67 | 64.44 |24.11|24.67)0.38 | 0.39 |271.11|273.67 | 30.33 | 27.89
3:m? 75% 59.44 | 60.00 | 20.44|21.44|0.35]0.36 | 251.89 | 254.56 | 32.67 | 30.89
50% 58.00 | 56.22 |19.78|21.00 | 0.34 | 0.35 | 236.67 | 239.00 | 34.56 | 32.67
100% 67.22 | 66.22 | 26.33|27.33[0.41]0.41 |310.78|300.00 | 33.00 | 31.78
4.m® 75% 63.33 | 62.56 | 23.11|24.33|0.38 | 0.38 | 270.89 | 280.11 | 37.22 | 37.44
50% 61.11| 59.11 | 21.89|21.56 | 0.35]0.36 | 260.67 | 266.11 | 39.44 | 39.44
LSD 5% NS | NS | 278318 |0.02|NS| 16.01| N.S | 6.78 | 751
FYM Foliar spray sources
Control 49.44| 50.11 |16.22 |17.56|0.27 | 0.29 | 181.67 |179.78 | 21.67 | 23.11
v+ m® Hi-Fertil 1 [62.44| 65.33 [ 21.67 [21.780.40 [ 0.40 | 269.00 | 285.00 | 24.44 | 24.33
Ferty More | 55.00 | 56.22 |18.00 | 19.00|0.33 [ 0.34 | 231.78 | 219.44 | 31.33 | 28.56
Control 53.89| 51.78 |18.22|18.44|0.31 | 0.32 | 214.67 | 207.89 | 27.00 | 26.56
3+ m® Hi-Fertil 1 [67.89[ 69.78 | 24.56 [ 25.67 | 0.41 | 0.42 [ 291.11 | 302.33[32.89 [ 31.33
Ferty More | 59.33 | 59.11 |21.56 | 23.00| 0.36 | 0.36 | 253.89 | 257.00 | 37.67 | 33.56
Control 52.22 | 55.67 |20.78|19.67 | 0.33 | 0.34 | 239.56 | 225.67 | 29.89 | 30.67
4+ m® Hi-Fertil 1 [73.00] 70.89 |27.22]28.33|0.43 | 0.43[330.67 [ 342.00 | 38.22 | 37.33
Ferty More | 66.44 | 61.33 | 23.33 | 25.22 | 0.37 | 0.38 | 272.11 | 278.56 | 41.56 | 40.67
LSD 5% 779 | NS | N.S | 3.66 |0.03| N.S | 19.88| 19.93 | 4.05 | 4.38
NPK Foliar spray sources
Control 53.56 | 56.33 |19.33|19.78|0.33 | 0.34 | 226.11 | 218.33 | 25.00 | 26.00
100% [Hi-Fertil 1 | 71.22| 73.56 | 27.11|28.00 | 0.43 | 0.43 | 335.44 | 338.78 | 29.56 | 28.33
Ferty More | 63.69 | 63.33 | 23.33 | 24.56 | 0.38 | 0.39 | 269.11 | 259.44 | 35.89 | 31.89
Control 51.33| 52.44 |18.22117.89|0.30 | 0.32 | 21011 | 205.22 | 26.22 | 26.89
75% [Hi-Fertil 1 |68.22 | 68.44 |23.78|25.00 | 0.41 | 0.42 | 285.89 | 304.89 | 32.44 | 31.67
Ferty More | 58.56 | 58.67 |20.11 | 22.22 | 0.35 | 0.36 | 251.00 | 252.22 | 37.00 | 34.89
Control 50.67 | 48.78 [17.67|18.00 | 0.28 | 0.29 | 199.67 | 189.78 | 27.33 | 27.44
50% [Hi-Fertil 1 | 63.89 | 64.00 | 22.56 | 22.78 | 0.39 | 0.40 | 269.44 | 285.67 | 33.56 | 33.00
Ferty More | 58.56 | 54.67 |19.44 |20.440.34 | 0.35|237.67 | 243.33 | 37.67 | 36.00
LSD 5% 4.16 N.S 234 | 260 | NS | N.S | 33.66 | 28.15| 1.81 | 2.59

Concerning the interaction effect of the studied factors (organic manure
(FYM), NPK levels and NPK foliar fertilization) on vegetative growth, data in
Table (5) reveal that the highest values in the most vegetative growth
parameters were obtained from plants fertilized by 40 m3ffed FYM, 100%
NPK level and sprayed with Hi-Fertil 1 (19-19-19 NPK). On the other hand,
the interaction among 30 m®fed FYM, 100% NPK level and Ferty More (5-3-
43 NPK) gave the highest values in plant dry weight as compared with other
interactions in both seasons.
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Table (5): Vegetative growth characters as affected by the interaction
among FYM rates, NPK levels and macronutrients foliar
spray sources during 2008/2009 (S1) and 2009/2010 (S2)
winter seasons.

Characters Stem Number of Leaf Plant_ fresh Plan_t dry
length/plant leaves areza weight weight
(cm) / plant (M%) @ (@)
reatments ST [s2 st [s2 st [s2 st sz s1 |s2
FYM| NPK |Foliar spray sources
\. ., [CONLrOI ou ¥Y [ov.¥Y [ V1YY [1A.1v]0.29[0.30] ¥+ £.¥¥ [ V4¥.1V [22.33]24.00
®|Hi-Fertil 1 | 63.67 [ 68.67 | 22.33 [22.67]0.41[0.42[295.67|303.00[26.00[25.67
Ferty More [58.67 [ 61.67 | 19.33 [19.670.36[0.37|246.33|232.0033.00[30.00
| 750% Control 50.00 | 50.00 [ 17.00 [17.67]0.27]0.31[175.67|179.00[21.33[23.00
S Hi-Fertil 1 [62.67 [66.33 | 21.33 [21.67[0.40[0.40[268.67285.33 | 24.67 [24.00
« Ferty More [53.33[54.67 | 17.33 [18.67]0.32[0.33|228.33|218.67|31.33[28.33
500, [CONITO! 48.00[43.00[ 15.33 [16.33]0.25|0.26[165.00[166.67 [21.33[22.33
Hi-Fertil 1 [61.00[61.00 | 21.33 [21.00]0.39[0.39|242.67 | 266.67 | 22.67 [23.33
Ferty More [ 53.00 [52.33 | 17.33 [18.67[0.31[0.33][220.67]207.67|29.67 [27.33
Y Control OV Y | 08 XY | YAV [ YA XY | Fe[ v Yo [ YYY AV |YYo v o | YO XY YO 0
°|Hi-Fertil 1 |71.33[75.00 | 28.00 [29.00[0.43[0.43[320.00]331.33[30.33[27.00
Ferty More | 62.00 | 64.00 | 24.67 |25.67[0.38[0.39][270.67]264.6735.33[30.67
= | 750 Control 51.67 [50.33 [ 17.33 [17.33[0.30]0.31[220.67 [208.00 [ 27.33[26.67
S Hi-Fertil 1 [70.0069.33 | 23.67 [24.33[0.40[0.41[282.33[296.00 [ 32.67 [32.00
™ Ferty More [56.67 [ 60.33 | 20.33 [22.67]0.35[0.36|252.67 | 259.67 | 38.00 [34.00
500 (CONLIO! 52.33[50.67 [ 17.67 [18.67[0.29]0.30[200.67 [ 190.67 [ 28.33[28.00
Hi-Fertil 1 [62.3365.00 | 22.00 [23.67[0.40[0.40[271.00]279.67 | 35.67 [34.00
Ferty More [59.33 [63.00 [19.667 [ 20.67[0.34[0.35|238.33 246.67 | 39.67 [36.00
Voo Control OY Y | AVYY | YY oo | YV FY [ o ¥V o YA[YO) FY [ YV YY [ YV.YY YV, o
®|Hi-Fertil 1| 78.67 [ 77.00 | 31.00 [32.33]0.460.45[390.67 | 382.0032.33[31.33
Ferty More [ 70.33[64.33 | 26.00 |28.33[0.40[0.40][290.33]281.6739.33[35.00
= | 750 Control 52.33 [57.00 [ 20.33 [18.67]0.32[0.33]234.00] 228.67 [30.00[31.00
S Hi-Fertil 1 [72.00[69.67 | 26.33 [29.00]0.43[0.44|306.67|333.33[40.00[39.00
~ Ferty More | 65.67 | 61.00 | 22.67 |25.33[0.37[0.38][272.00]278.33|41.67 [42.33
500 (CONLIO! 51.67 | 52.67 [ 20.00 [19.00[0.30]0.31[233.33[212.00[32.3332.00
Hi-Fertil 1 |68.3366.00 | 24.33 |23.67[0.40[0.41][294.67]310.67|42.33[41.67
Ferty More | 63.33[58.67 | 21.33 [22.000.36[0.37|254.00| 275.67 | 43.67 |44.67
LSD at5 % AR v.Ya N.S YYY IN.S| NS ¥Y.VY | YY Yo [ ¥ ¢y | Y ¢Y
Yield and its components:
Data presented in Table (6) indicated that tuber weight/plant,

marketable yield and total yield were increased significantly by application of
FYM at 40 m*fed. in both seasons. These increases may be related to the
higher contents of macro-elements (NPK) in FYM (Table 2) and this led to an
increase of the metabolism activity, its led to increasing of plant growth (Table
3) consequently, increasing total yield. Suresh and Ramanathan (2001),
Awad et al. (2002), Singh and Gupta (2005), Colla et al. (2005), El Morsy et
al. (2006) and EI-Dissoky (2008) reported that number of tuber plant, average
tuber weight, marketable and total yield were significantly increased by
application of farmyard manure.

Concerning the effect of NPK levels on yield and its components, data
in Table (6) show that increasing NPK level up to 100% NPK level, recorded
the highest values in total yield and its components in both seasons. Similar
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results were obtained by Maier et al. (1994), Minhas and Sood (1994), Arisha
and Bardisi (1999), Kushwah and Banafar (2003) and Abd El-Aal et al. (2008)
indicated that the potato yield was increased with increasing NPK rate.

Regarding, the effect of macronutrients foliar spray sources on total yield
and its components, data in Table (6) indicate that plants sprayed with Ferty
More (5-3-43, NPK) followed by Hi-Fertil 1(19-19-19 NPK) produced the
highest tubers yield/plant, marketable and total yield/fed. in both seasons of
study. These results may be related to increasing the activity of plant
metabolism, which reflected on tubers yield and enhance tuber quality.
Similarly, Boliglowa and Dzienia (1999), Singh et al. (1996) and Ali and Mishra
(2001) found that marketable tubers yield and total yield were significantly
increased by foliar application of macronutrients.

Table (6): Total yield and its components of potato plants as affected
by FYM rates, NPK levels and macronutrients foliar spray
sources during 2008/2009 (S1) and 2009/2010 (S2) winter

seasons.
Tubers . .
Characters weight/plant Marketable yield [Unmarketable yield _ Total
) (ton/fed.) (ton/fed.) yield (ton/fed.)

Treatments S 52 st 52 S 52 st | s2
FYM rates:

Yom® 428.63 YA VA YY.94 V¥4 0.9.v 0.9494 WAL [ vea

3ms AT Y £9Y ¥Y KR Ve XY 0.M ¢ 0.1 YVEAY | YEAA

4 md oYY VA OYA VA Ve VY Vi oA Y.YTA Y.red YUy [ Yoy
LSD at 5% YA \RL] vt e 0.vYe 0.01¢ ek ve 0
NPK levels:
Vo 0p A Ve £9. 1Y V4V Y, VE LA 1.033 Y. 0) Yo Ne [ Yo )Y
XA A EA AN AO Y'Y 40 YY.a4 0.9A0 0.491 yeay [ veaa
50% SYAY A £ yY .4 YA 0.4V 0.47) V£ | YEAT
LSD at 5% \RA \AR vt A 0.6V¢ 0.Ye4 ek A
Foliar spray sources:
Control £Y) 41 VATV VY oY YT Yt Yoy ey [ veva
Hi-Fertil 1 £4Y .Y £99 YV Ve o VEVE y.a¥o V.81 Yo oA [ Yoa
Ferty More oy¢ o 0ty Ao VETA Yewy 0.A¢Y 0.A Yo o¥ Yo o¥
LSD at 5% V.6 Vg0 Y K 0.74. 0.£04 et K

With respect to the effect of interaction between FYM rates and NPK
levels, data in Table (7) showed that potato plants fertilized with 40 m® FYM
rate and 50% or 75% NPK levels resulted in the highest significant tuber
weight/plant and total yield. The values in both treatments were not significant
differences with each other. These results were true during both seasons.
Similar results were obtained by Singh et al. (1996) and Sadej et al. (2004).

Also, data presented in Table (7) showed that the interaction between
FYM rates and macronutrients foliar spray sources had a positive significant
effects on total yield and its components in both seasons. Data indicated that,
plants sprayed with Ferty More (5-3-43, NPK) followed by Hi-Fertil 1 (19-19-
19, NPK) and fertilized with 40 m® FYM/fed. gave the highest tubers
weight/plant and total yield.

1899



EL-Sayed, Hala A. et al.

Table (7): Total yield and its components of potato plants as affected by
the interactions of FYM rates x NPK levels, FYM x
macronutrients foliar spray sources and NPK levels x Foliar
sources during 2008/2009 (S1) and 2009/2010 (S2) winter
seasons.

Tubers Marketable Unmarketable
. ) - Total
Characters weight/plant yield yield vield (ton/fed.)
(9 (ton/fed.) (ton/fed.) )
reatments s1 S2 s1 S2 S1 S2 s1 S2
FYM rates [NPK levels
v 3 100% £1Y. Y £1Y. A4 VY.V AAIAN 0.4eY Y Vo YET [ Ye e
tm 75% £Yo A4 £YE AQ 'Y 4. YYY 0.4+¢ 0.947A VYA AEFER
50% Sol v YaA 01 VY. Yo ARSE A 0.AeY 0.4Ye YY.Y VY. AL
3 100% ARENSY oYo ¢o V¢ o) AR 0.vay 0.°YA Yoy Yo ¥y
3+m 75% SAY VYA EAA YEN YENY 0.viy 0.14. YE AT V€AY
50% £1Y VA ¢VY o0 YY.¥e Y.V 0.AAY 0.v1¢ YEYY | Ve &Y
3 100% £4¢ YY ¢4y, 01 YENY AR ) Yot ANCAR Yo ¢A | Yo &y
4+m 75% o0& YA ooy v Y&, Ao YE VY Y. YAL AR AR YUY [ Y11
50% oo YY o4 V) Yo ry Yo N Yy AR ¥ Y69 [ V1Y
LSD at 5% VY. Yo Vo xy AR V.08 0.144 0.\ YY \.VA v .44
FYM rates |Foliar spray sources
V. m3 Control YVY. A4 ARANCE VY. Y VY EY 0.444 Y, o AE AR B -2
Hi-Fertil 1 EYY . AE [A IR AR VY. € 0.A%) 0.44¢0 VY44 [ Ve g
Ferty More EYANA ¢Yo YA VY A YY.VY 0.AY) 0.4)4 Ve V¢ e
3 Control £Y4 A4 £Y1 01 \Y.YY AR R 0.vat¢ 0.vay YE T [ YE Y
3+m Hi-Fertil 1 £4¢ YY o Y A4 YENA AR} 0.AY) 0.1¢¢ Yo . Yo .o
Ferty More oY¢ v o¢t o V¢ 00 Ve AY 0.MA Q.0¢e Yo XY [ Yo YA
3 Control €17 )Y foV A4 yY.vR VY. ov ARCARA AR AR Yo YA | Yo Vo
4-m Hi-Fertil 1 otV A4 ocoo YY Ve AT Yey Y FAL ), €4y VY1.Yo ARYRR
Ferty More o9y ¥y TaYVY Yo TA | Yo oA 0.9:¥ 0.9YA | Y1 0A | V1 oY
LSD at 5% Yy.ve Yo, oM O .00 0.¢VY 0.¢0) o YE oYY
NPK levels|Foliar spray sources
100% Control Y. g8 EYLYY [ yrYY [arry | vy Y YYo [ Ve g [ Ve oV
Hi-Fertil 1 £4v. ¥4 ove ol [ Yevo [ Ye Y VoY YAYY [ Yo ¥y [ Yo Yo
Ferty More | o¢.)a [osv )y [ ve Ay [ Ve A [ 0.9:7 [ 0.Va¥ [ Yo vy [ 1o ed
750 Control £V s §Y1.£¢ | YY.aY [ vy RN Yoy [ Ye Y [ ve YA
°  |Hi-Fertil 1 £971) [ e 1YY [ Ve .o [ Yeve [V .vY YYY [ Yo oA [ Yoy
Ferty More oY) YY OEY AL | YEVA | YEVY 0.AYY 0.AYE | Yo 04 | Yo oY
50% Control YV £e | Ay [ YYAY [avay [ oy .1a YAY [ AF AN Ve Y
°  |Hi-Fertil 1 SAY 0o [ fAVYY [ Y AY [ Ye Nt [ v oY | 0.aA1 [VYeAe [ Yo e
Ferty More | oYY,«. |oveoo [ Ve &y [ 1¢7¢ | Q.AY) 0.Yde [ Yo Yo [ Vo ¢Y
LSD at 5% VY Y4 04 KA R 0.0AY 0.V0¢ Y Y
Concerning the effect of the interaction between NPK levels and
macronutrients foliar spray sources on total yield and its components, data in

Table (7) indicated that the interaction had a positive significant effects on

total yield and its components in both seasons. The highest total yield, tuber

weight/plant and marketable yield were obtained from plants received 75 or
50 % NPK level and sprayed with Ferty More in both seasons. It is notable
that, the differences between tubers weight/plant and total yield were not

significant

when plants sprayed with Ferty More and fertilized by 75% or 50%

NPK levels in both seasons.
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Regarding, the interaction effect of the studied factors (FYM rates,
NPK levels and macronutrients foliar spray sources) on total yield and its
components, data presented in Table (8) reveal that tubers weight/plant,
marketable yield, unmarketable yield and total yield were affected by the
three ways interactions, in both seasons. Generally, the highest tuber
weight/plant and total yield were obtained from plants fertilized by 40 m®/fed.
FYM, 50% or 75% NPK levels and sprayed with Ferty More as a source of
foliar NPK followed by the interaction among 40 m®fed. FYM, 50% or 75%
NPK levels and sprayed with Hi-Fertil 1. The values in both treatments were
not significant differences with each other. These results were true during
both seasons. These results may be attributed to the favorable effect of the
combination between the three factors of this study which results in good
healthy of plant vegetative growth parameters (Tables 3, 4 and 5)
consequently, increasing total yield.

Table (8): Total yield and its components of potato plants as affected by
the interaction among FYM rates, NPK levels and
macronutrients foliar spray sources during 2008/2009 (S1)
and 2009/2010 (S2) winter seasons.

Characters weéﬁ%ﬁhnt Mawggbw U”mamefﬂf -|dTma% ;
) (tonffed.) yield (ton/fed.) |yield (ton/fed.)

Treatments S1 | S2 S1 | S2 S1_ | S2 S1 | S2

FYM [ NPK [Foliar spray sources

\. .o/ [Control €80 [ YAYAY [VYAG [ Y AT [ YOYY [ V.¥Y% [ \Y.aA[V£a
Olqifertil 1 SIVAS | EVI.vs [OY VA [ YAV | 0.3:F | Y. [VEeTA[VeVa
Ferty More 5.3 YY [ 004+ | V££3 | VYT | OAYY | 0.4V | Yo ¥y [V¢a¢
75% Control Y00 v | YRENY [ VV.AR [ VY.¥. | 0.37F | V.+0. [VY.AG |VV.¥o
20m?® O IHi-fertil 1 EYYYY | YA+s [OY.«0 [ A¥Y¥Y | 0.9'% | 0.3¢Y [ v.av Ve vn
Ferty More VXY | EVYYY [ OV VT [ \YVE | OAYY | 0.8): | Y£o0d [V¢ o
50% Control YoVIY | You Y [ VV.€X [IY.«Y | 0.9++ | 0.3Y% [ IY.¥2 [V )
O IHi-fertil 1 EVVYY | €4V o0 [ VY.EX | VY XY | O.AOY | 0.8YY | \Y.7) [ Ve e
Ferty more €00 v | EYN.os [V NE [ VY 2R | O.A T | OAYY [ YY.af [Vevn
\ . .oz/Control €00 | EYYAY [OYAY [ VE.0 | OAYY | O.NEY [V£o. [Vena
Hi-fertil 1 oYL ¥Y [ etY v [NYEAV [ YEAY | 0.AVT [ 0.0VT [ Vo g3 | Vo £Y
Ferty more STEAY | OVe Y [Vo.+v | Y0.EV | 0.4Y. | 0.£Y% | Ve.aY [V0.A4
750 Control EYVYY | EYY.o. [ V.0 | YV 22 | O.AYT | OAYY [ VEYY [ Ve VY
30m?® O Hi-fertil 1 €AY Y | £9%YY [ VEANY | VEXA | OVYY | 0.%o. | V£af[Veay
Ferty more OYVYY | 022V | VEAY | YEA | OV+Y | 0.0AT | Yo.¥Y [ Vo NV
50% Control EYAYY | £YE .+ [ VY.EY | \YYo | 0.3YY | 0.3:F | \V.vo | Vv.ne
O Hifertil 1 e e | EVYYY [V TR [ VEY | 0.9:F | OVIN | VE s [ VYEVA
Ferty more Ve v+ | OYEYY | VE 2 | YEYE | DAY | QWYY | Ve AT [VEAV
\~~°/C°mr°| CEXYYY | EVEYY [ OV <3 | VY. AA | YAYT | V.AYT | VEVY | VLAY
°Hi-fertil 1 €9¢ .. | €96V [ VEYY | \YVA | V.£V. | Y.VET | Vo YA [ VYo o
Ferty more SEXAY | 00) 1Y | V£aA | Y£A% | 0.47% | 0.3AY | Vo490 [Yo.a¢t
o [Control 00TV | £9Y v+ [V AT | AV AY | V.0(Y | 0.0Vs | Vo.¥. VoY)
240 m? | % Hiferti 1 VY YF | OATTY [ VEAT [ VEAE [ V.6+% [ V.2V [19.FE [T7.7%
Ferty more o9 T XYY [ TYeY [ Yede [ Yo 0.9.7 0.9¢7 | Y1 Ae [ V110
50% Control TAAYY | EVVYY [ VoV [ \Y.93 | Y.YAT | V.£YX | Yo.aY [Vo.£Y
O Hifertil 1 SYRYY | OATAY [ Vo.¥o | Yo.YE | YNV | Y.YV. | VRAY [1%X.0)
Ferty more TYY vv | TEYYY [ V%0 | YVoA | OAYT | O.AAT | VT.4% [ V1AV

LSD at 5 % [Fa. %] ¥FO% [ .0V [ «.6V [ O.VEY [ OVYY [ +.3+ [ .89
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CONCLUSION

From the results of this study, it could be concluded that, application 40
m°/fed FYM + 50% NPK level with spraying the plants with Ferty More (5-3-
43, NPK) or Hi-Fertil 1(19-19-19, NPK) are the recommended treatments for
increasing potato yield, improving tuber quality of potato, lowering cost
production (as a result of saving half of the added NPK-fertilizer) and will also
decrease the pollution of environment under similar conditions to this work.
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