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ABSTRACT

Two field experiments were conducted at the Research
Farm of the Environmental Studies and Research Institute,
Menoufiya University, Sadat City, Egypt; during the two
winter seasons of 2006/2007 and 2007/2008. The objective
of this investigation was to study the effects of two methods
of composite of organic and mineral fertilizers mixture
through , two systems of fertilizing, i.e., external compost
with mineral fertilizers, external compost with bio-
fertilizer; internal compost with mineral fertilizers; and
internal compost with bio-fertilizer as well as the control;
on some characters ef potato tubers of Diamont local
cultivar.

The obtained results indicated generally that the most
important findings were as follows:

- Plant height had the significantly highest value for the
external compost with mineral fertilizer.

-The four treatments under study did not vary significantly
regarding plant fresh weight being significantly higher
than the control.

-Treatments of the external compost with mineral and bio-
fertilizer and internal compost with bio-fertilizer gave
highly significantly increment in tuber weight as
compared to the control.

-The significantly highest tetal yield (ton/fed) was achieved
by treatment of external compost with mineral and bio-
fertilizer.

-Treatments of the external compost with bio-fertilizer and
internal compost with bio-fertilizer gave significantly
the highest tuber dry matter (%).

- Starch and sugar content of tubers exhibited significantly
different values due to the treatment applied and the
season of growth,

In conclusion, despite the superiority of the four
treatments to the control, the treatment of external
compost with mineral fertilizers was the best in terms of
improvement the vegetative and yield properties. This
treatment was followed by the treatment of external
compost with bio-fertilizer, -

INTRODUCTION

Potate (Solanum Tuberosum L), is considered as
one of the most important vegetable food crops for
human all over the world. Potato tubers are an
important source of digestible carbohydrates and dietary
fibers as well as with some essential mineral elements.
Meanwhile, potato is considered as a staple food that is
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consumed by the majority in a community in many
countries. From the industrial point of view. potato is
utilized to extract starch and flour and manufacture of
glucose, alcohol and acetone (Sarhan et af, 2004 &
Alam ef al., 2007y,

Over the last few decades, consumers' demands for
healthier food and government policies, focused on
environmentally sustainable agricuitural systems, have
both promoted a rapid expansion of organic farming.
Potato represents a major food crop in many countries
where the demand for organic products is gradually
increasing (Maggio et al., 2008).

It is well known that organic manure improved the
structure of the soil and this consequently encourage the
plant to have a good growth. The value of organic
fertilizers as a source of nutrients for potato plants has
been reviewed by many investigators such as Striban et
al., (1984); Borin ef al (1987) and Grewa! (1990). on
the. composition between conventional integrated and
organic cropping systems of some potato cultivars,
Varis et al. (1996) found that N supply, total yield,
storage losses and incidence of late blight were
dependent systems. Yields were lower with organic
production and potato “"quality” factors varied in
response to the various used treatments.

Jirvan and Edesi {2009), studied the following
cultivation methods; organic without manure, organic
with cattle manure and conventional manure and minera!
fertilizers, and pesticides. The results illustrated that in
organic cultivation, the manure fertilization manure
increased the potato yield with average of 36.5%. Also,
the dry matter content in tubers decreased; but, the
nitrate content increased. Conceming the conventional
farming methods, the yield was 127% higher than in the
variant organic. The obtained results showed that the
tubers' content of dry matter, starch and minerals were
higher in organic cultivation than those in conventional
cultivation. As for the content of reducing sugars, crude
protein and nitrates, insignificant differences were
detected between the two cultivation methods.

Impact of farmyard, manure and manure compost tea
on potato yield and soil fertility were investigated by El-
Tantawy et al. (2009). The results indicated that addition
of farmyard and manure into the soil increased the total
and available N, phosphorus and potassium in the soil.
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On the other hand, compost fertilizers led to increased
plant height, moisture content of leaves and stems,
number of leaves, surface arez of leaf and the
chlorophyll content. The obtained results showed also
that organic fertilizers elevated yield, moisture of tubers,
crude protein content, starch content and specific gravity
of potato tubers. As the conceniration of compost
increased as nitrogen, phosphorus and potassium
contents of tubers, dramatically, increased.

The effects of the three mineral fertilizers ie.;
nitrogen, phosphorous and potassium, individually or in
combination with either one or more of each with
organic manure fertilizers on potato plants were studied
by several researched such as Spoil and Fedotona
(1987), Das and Banerjee (1996) and Singhand
Kushwah (2006). The main objective of the present
study was carried out in an attenpt to minimize the
deteriorated effects of mineral fertilizers in the
production of potato tubers by using organic sources.
This study was conducted to investigate the effects of
two ways of compost of organic and mineral fertilizers
through two systems of fertilization on some growth,
yield and its components characters as well as chemical
composition of potato plants.

MATERIALS AND METHODS

Two field experiments were conducted, during the
two winter seasons of 2006/2007 and 2007/2008 at the
Research Farm of the Environmental Studies and
Research Institute of Menoufiya University, Sadat City,
Egypt. ‘

In both experiments, the used experimental layout
was a randomized complete blocks design (RCBD) with
four replications. Each replicate consisted of five
treatments; representing the combinations among the
used fertilizers.

The area of each plot was 63 m* (9 m length x 7 m
width), including, 5 ridges, 1.4 m apart, 9 m long with
plant spacing 25 cm.

The study inciuded two ways of composting organic
and mineral fertilizers mix; namely, external (above the
soil surface) and internal (under the soil surface), and
two systems of fertilization. The first system included
mineral fertilization [20 m’ cattle manure + 5 m’ chicken
manure + 200 kg ammonium sulphate (20.5% ) + 150 kg
calcium super phosphate (15.5%) + 25 kg magnesium
sulphate + 125 kg agricultural sulphur]. The second one
included bio-fertilization [20 m’ cattle manure + 5 m’
chicken manure + 70% of the mineral fertilizers that
mentioned above (140kg ammonium sulphate (20.5% )
+ 105 kg caicium super phosphate (15.5%) + 17.5 kg
magnesium sulphate + 87.5 kg agricultural suiphur)
+400gm of the bio-fertilizer Halix; +100g humic acid

per feddan], which was prepared before pianting by
about 30 days before planting above the soi! surface for
the external compost way and under the soil in
cultivation rows for the internal compost. In the control
treatment the usually recornmended quantities of organic
and mineral fertilizers during preparation and growth:
20 m’ cattle manure/fed. + 150 kg N/fad. + 75 K,O + 75
kg P,Os /fed. at one week before planting. The external
compost was also added at one week before cultivation.
All treatments were conducted in paralle! at the same
time.

After one month of cultivation, the foilowing
components were added: 130 kg ammonium nitrate +
100 kg potassium sulphate + one kg humic acid + 20
liter phosphoric acid / fed. with irrigation. The irrigated
water was added three times per week in the system of
mineral fertilization, and 70% of irrigated water amount
was applied for bio-fertilization with Halix, twice (the
first after month from cultivation and the second a month
after that) (400 g/fed with irrigation). The potato plants
were sprayed after 25, 40 and 55 days of cultivation with
foliar fertilizers containing Fe, Zn, Mn, amino acid.
citric acid , potassium and micro sulphur. This protocol
was applied for both the mineral and the bio-
fertilization. The spray of control was undertaken with
micronutrients only. Prior to the initiation of each
experiment, soil samples were collected and analyzed
according to the published method that described by
Page er /. (1982) The results of the soil analysis are
given in Table (1), as average for the two seasons of
2006/2007 and 2007/2008. The analysis of the chemical
rroperties of the used chicken and cattle manures; which
were analyzed according to Page et al. (1982); are
presented in Table 2. The soil analysis was carried out
according to the methods described by Page ef o/ (1982)
,and the chicken and cattle manures (Table 2) were
prepared according to the methods described also by
Page et al (1982).

Concerning the planting potato, the potato tubers of
Diamont local cultivar were planted on one side of the
ridge at 25 c¢m apart on 15 October and 18 October of
the two seasons of 2006/2007 and 2007/2008,
respectively. During the two growing seasons, all other
agricultural practices such as irrigation, diseases, pests
and weed control programs were performed whenever
thzy appeared to be necessary.

" Harvesting was conducted in February 2007 and
2008. The following parameters were recorded.
immediately after harvesting; plant height (cm), plant
fresh weight (kg)leaves dry matter content (%) number
of branches plant tuber weight of (kg), tubers yield
plant” (kg), total tubers yield tons fad™'., number of
tubers plant” and tuber dry matter (%). Random
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Table 1. Average physical and chemical properties of the soil analysis in the experimental
sites, during the two winter seasons of 2006/2007 and 2007/2008

A, Physical properties

Caco, Organic matter,% Particle siz'e distr., % Texture
Sand Silt Clay class
4.90 0.36 81.25 1.5 11.25 Sandy
B. Chemical Properties
. EC” Macronutrients{ppm) Soluble  anions
pH " Soluble cations (meq/L) (meq/L)
mohs/cm Ca ™ ME—** K Na* wtal N available P avaldable K HCO,” Cl° SO~
7.63 1.78 036 033 014 056 424 53 110 041 036 0.61

*In the 1:2.5 soil: water suspension.
**1n the soil paste extract

Table 2. Chemical properties of cattle and chicken manures, during the two seasons of

2006/ 2007 and 2007/ 2008

Content Cattle Chicken
C/N ratio 32.0 15.45:1
0.M% 44.0 59.1
pH 9.15 8.35
Ec ds/m 5.63 4.43
N% (.84 2.07
P% 2.02 3.15
K% 1.55 3.0
Ca% 8.53 4.05
Mg% 10.51 1.35
Fe ppm 3411 702
Mn ppm 172 136 L
Zn ppm 53 193 _
Cu ppm 21 25

samples of leaves and tubers from each treatment were
collected, washed, dried in an oven at 65°C for 48 hr
and ground to pass 40 mesh screen and wet-digested
with H,504-H,0,. The following determinations were
carried owt in the digested solution; N, P, and K;
according to Jacksen (1973); starch was determined
according to A.O.A.C. (1990). To determine the
percentage of total sugars, the method of Dubios et al.
(1972) were used, and total soluble solids, was
measured using digital pocket refractometer,

All obtained data were collected and statistically
analyzed. Duncan's multiple range test was used to
compare the differences among the means of the
various studied characters as affected by the treatments
as illustrated by Steel and Torrie (1984).

RESULTS AND DISCUSSION
Vegetative Growth Characteristics

The results given in Table 3 revealed that the
external compost along with mineral fertilization
reflected, significantly, the highest plant height (60.37
c¢m , 57.5 ¢cm) as compared to the control (34.0cm and

43.5¢m) in the first and second seasons. respectively and
all other treatments, with only one exception in the
second season. Meanwhile, insignificant differences.
regarding the mean values of plant height were noticed
as a result of the other treatments. in the first season. In
contrast, in the second season, variations in plant height
were observed due 1o applying the different investigated
treatments in the present study, as compared with  the
control. It was noticed that the highest plant height was
achieved when the internal compost with bio-fertilizer
was conducted; followed by its counterpart of the
mineral fertilizer, then the external compost of the
mineral fertilizer, while, the plant height of control
treatment tailed behind.

Table 3 indicated that insignificant differences,
among the mean values of number of branches plant”,
could be figured out as a result of the used treaiments in
the present study, in the first season. On the other hand.
internal compost with mineral fertilizers along with
external  compost  with  mineral fertilizers gave
significantly the highest number of branches/plant in the
second season.
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Plant fresh weight (kg) in the first season did not
vary significantly for extemal compost with bio-
fertilizer and external compost with mineral fertilizers
and internal compost with bio-fertilizer (Table 3). In
contrast, the four treatments under study did not vary
significantly only regarding plant fresh weight (kg)
being significantly higher than the control,

The results revealed also that applying the external
compost with mineral fertilizers resulted in a significant
increment in percentage of dry matter content in leaves
(16.27-15.73%), followed by the external compost with
the bio-fertilizer (12.93-11.73%), as compared to the
control, in both growing seasons.

Such results regarding the vegetative characters of
potato plants, generally agreed with the results of
numerous researchers (Awad, 2005; El-Morsy e af,,
2006; Kabeel and Hasanin, 2006; Alam er al., 2007;
Mirdad, 2010). Such resuits could be explained on the
basis of the well known advantages of the compost, that
could be summarized as follows; 1-high content of
fertilizer elements, being in available form in addition to
the organic matter at maturity compietion of plant; 2-
absence of foreign seeds, microorganisms and
nematode; 3- presence of the activated compounds such
as natural hormones and antibiotics required for plant
growth, and 4- high ability of compost to keep water. In
this respect, the forgoing results suggested generally that
increasing the morphological characters of potato after
application of the different compost of organic may be
due to increasing the soil organic matter contents, cation
exchange capacity and mineral nutrients, which in tum
encouraged the plant growth to go forward.

Yield and Yield Components:

The results presented in Table 4 indicated that the
external and internal compost with mineral fertilizers did
not vary significantly and being the highest in terms of
number of tubers/plant in.the first season (Table 4). On
the other hand external compost with mineral and bio-
fertilizers, and internal compost with mineral fertilizers
gave insignificant (and the highest) number of
tubers/plant in the second season,

It was observed that external compost (with mineral
and bio-fertilizers) along with internal compost with bio-
fertilizer achieved the highest average tuber weight, as
compared to the internal compost with mineral fertilizer,
in the first season. In the second season, compost
treatments with both fertilizers types resulted in
significant increases of average weight of tubers, as
relative to that of the control treatment, However, such
an effect was more pronounced for the external compost
with bio-fertilizer as compared to the control.

The external compost with mineral and bio-fertilizer
gave significantly the highest tubers yield/plant (kg) as
compared to the other treatments and the control in the
first seasons. No significant differences could be found
in yield/plant for the external compost with minerat and
bio-fertilizer and internal compost with mineral
fertilizers in the second season (Table 4),

The significantly highest total yield (ton/fed} was
achieved by external compost with mineral and bio-
fertilizers in the first season. On the other hand total
yield (ton/fed) did not vary significantly for external
compost with mineral and bio-fertilizers and internal
compost with mineral fertilizers in the second season.

Table 4 shows that external compost with bio-
fertilizer and internal compost with bio-fertilizer gave
significantly the highest tubers dry matter (%) in the first
season. Notwithstanding, the significantly highest tuber
dry matter (%) was achieved by treatment of the external
compost with bio-fertilizer (Table 4). Generally, the
presented results in regarding the effects of compost
with bio-fertilizers on the potato characteristics, agree
with the findings of several investigators such as Sherif
et al., (2000); Shafeek er al.(2001); Sarhan er a/.(2004);
El-Morsy et al( 2006) and Mirdad (2010). Also, the
obtained resulits illustrated generally that using compost
of organic and mineral fertilizers, reflected effects on
the values of some yield and the component characters,
in the growing seasons. Since, such result could be
related to the vital role of organic increasing the
availability of nutrient supply, improve the efficiency of
macro-elements requirement of crop, which in turn.
should be reflected on production of high yield.

Chemical Composition of Leaves;

Resuits presented in Table 35 that did not reveal
significant differences in total sugar content of potato
leaves in both seasons. This trend was also true for
reducing sugar content in the first season, while
treatments of external composting with bio-fertilizer and
internal composting with mineral fertilizers gave
significantly lower reducing sugar content than the
control. As for non-reducing sugar conteni in potato
leaves, no significant differences could be traced in both
seasons. However, non-reducing sugar content exhibited
significantly lower value for the control than the four
treatments under study.

Nitrogen content in potato feaves did not explore any
significant differences in both seasons for the four
treatments applied in the present study as compared to
the control (Table 5).



Table 3. Vegetative characteristics of potate plant as affected by external and internal compost with mineral and bio-fertilizers during
the two winter seasons of (2006/2007 and 2007/2008)

Characters B

Sensons — Plant height (cm) No. of branches plant™ Plant fresh weight (kg) Leaves dry matter (%)
“ First Second First Second First Second First- Second

Control 34.00° 43,507 3.75 3.257 03345 0.397° 10.764° 10.960°
External compost with mineral fertilizers 6037 57.50° 4,56 3.75% 0.599" 0.640" 16276° 15737
Exteraal compost with bio-fertilizer 5232 4237 3.55° 3.52° 0.657° 0.596™ 12.933° 13.200°
{nternal compost with mineral fertilizers 48.60° 50.00% 4,54° 451° 0.470° 0.587% 10.97° 11.737%
Internal compost with bio-fertilizer 4707 54.65" 3.55" 325 0.590™ 0617 10.346° 11.126°

Means followed by the same letter(s) within ¢ach column are not significantly different, using Duncan’s multiple range test at 0.05 level of  probability.

Table 4. Yield components of potato plant as affected by external and internal compost of mineral and bio-fertilizers, during the two winter
seasons of 2006/2007 and 2007/2008

Characters. Nopﬂ'::n_?er Tuber weight (kg) Yield plant Total yield (ton/fed.) Tubers dry matter (%)
(ke)
wﬁrst Second  First Second First Second First Second First Second
reatments o

Control 450° 5.00° 0.179° 0.183" 0.806° 0.917° 9.21° 10.48° 19.89° 1968
External compost with minerat fertilizers 800 6.58%  0271° 0.288" 2.170° 1.897 24.80° 21.68%7 21.92° 2033%
External compost with bio-fertilizer 6.11° 669" 0343 0.319° 2.102° 2.139° 24.02° 24.44* 24.43° 23.93°
lnternal compost with mineral fertilizers 9.02"  8.06" 0.172° 0212° 1.547° 1.709" 17.68° 19.53% 22.50° 20.90°
Internal compost with bio-fertilizer 705" 607 0.221° 0.250° 1561° " 1519"i783°  17.36° 2348 2209

Means followed by the same letter(s) within each column are not significantly different, using Duncan’s multiple range test at 0.0% level of  probability.
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Table 5. Chemical composition of potato leaves as affected by external and internal compost with mineral and bio-fertilizers, during the
two winter seasons of 2006/2007 and 2007/2008

Sugars (%) o
Characters Total Reducing Non reducing N (%) F mg/100 g K mg/100 gm
\\\ Seasons First Second First Second First Second First Second First Second First Second
Treatments
Control 5.40° 545 375" 3.375° 1.65° 1.70° 2.45° 2.42° 0.522° "0.500° 4.70° 4.80°
External composting with 630"  620° 380" 360%™ 250" 262 237 2.36* 0.665%  0.670° 7.10° 7.00°
mineral fertilizers
External composting with 597" seT 3327 332 2.62° 265 225" 2.32° 0.745*  0.742° 6.20° 4.30°
bio-fertilizer
Internal composting with 557 565 337 332 2.20% 2.32% 2.32° 2.30° 0.612% 0.545° 5.70° 5:60°
mineral fertilizers
Internal composting with bio- ¢ b ¢ 100 340 337%  p4p* 277 2.25° 2247 0.680" 0675 485° 5.45°

fertilizer

Means followed by (he same letter {s) within each column are not significantly different, using Duncan’s multiple range test at 0,035 level of probability,

Table 6. Chemical composition of potato tubers as affected by external and internal compost with mineral and bio-fertilizers, during the
two winter seasons of 2006/2007 and 2007/2008

Characters Starch % L Sugars (%) - TST (%) N (%) P mg/100 gm Kmg/l00gm
Seasons Total Reducing Non reducing
First Second First Second First Second First Second First Second First Second First Second First Second
Treatments
Control 14.32° 1495° 6758 597° 400" 182 265 2.5 312 s52° 257 250 0.557" 0575 865"  325°
External compostwith | he0 10 1n 580 600" 382 38T 2000 212% 51 637 252 220 0642 0645 1655  11.80"
mineral fertilizers
External compostwith |\ goec o100 5950 s590° 385 407 2100 182 5200 527 235% 232 0575  0.655 1080° 1075%
bio-fertilizer _ -
Internal compost with | ohe 0050 ez 582 4300 402 2300 LWP $a2* S5t 225 2500 0645  0610° 625 1045
mineral fertilizers i - -
Internal compost with | o0 ogm 555 655t 390" 390° 265 265 525 S28  220b 222 0.667  0.635° 9.80° 1025

bio-fertilizer

Means followed by the sarme letter{s) within cach column are not significantly different, using Duncan’s multiple range test at 0.05 level of

prabability.
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Table(5) shows that the contro! and treatment of
internal composting with mineral fertilizers had
significantly the least phosphorus content in potato
leaves. This was true for both seasons. )

Treatment of external composting with mineral
fertilizers possessed significantly the highest potassium
content of potato leaves. It was obvious that the control
had significantly the least potassium content of potato
leaves {Table 5).

Generally, such presenied results appeared to be
agreement with the findings of many other investigators
(Adhikari and Sharma, 2004; Danilchenko et al., 2005
and Maggio et al., 2008).

Chemical Composition of Potato Tubers:

Treatments of the external composting with mineral
fertilizers and intermal composting with bio-fertilizer
gave significantly the highest starch content in potato
tubers in the first season. As for the second season, the
control and treatment of internal composting with
mineral fertilizers exhibited significantly lower starch
content of tubers than the other treatments (Table 6).

In the first season, no significant differences in total
sugar content of tubers could be figured out. On the
other hand treatment of internal composting with bio-
fertilizer gave significantly the highest total sugar
content in tubers as compared to the control and the
other treatments, Reducing sugar content in potalo
tubers did not vary significanily in both seasons for the
control and the four treatments under study. The same
trend could be noticed for non-reducing sugar content of
potato tubers in the first season, Notwithstanding, in the
second season, treatments of external composting with
bio-fertilizer and internal composting with mineral
fertilizers had significantly lower non-reducing sugars of
tubers than the control and the other treatments (Table
6).

The total soluble solids (%) exhibited significantly
the highest values for treatments external composting
with bio-fertilizer and internal composting with bio-
fertilizer in the first season. On the other hand, no
significant differences in T.5.5.% of potato tubers could
be found for the control and the treatments under study
with treatment of external composting with mineral
fertilizers being the exception since it had significantly
the highest T.5.5.% of tubers (Table 6).

Only treatment of internal composting with bio-
fertilizer exhibited significantly lower N% in tubers than
the control in the first season. Meanwhile, treaiment of
internal composting with mineral fertilizers was the only
treatment that did not vary significantly as compared to
the control in terms of N% of tuber in the second
season, being the highest N% (Table 6).

Table (6) shows that potassium content of potato
tubers revealed significantly the highest value in the first
season for treatment of external composting with
mineral fertilizers. Meanwhile, treatments external
composting with mineral fenilizers and external
composting with bio-fertilizer had significantly the
highest potassium content of potato tubers.

Generally, the obtained results herein concerning
chemical composition of potato tubers, appeared to be in
accordance with the results of Mirdad er al. (2010), who
investigated effects of organic and mineral fertilizers on
the chemical composition of potato tubers.

Conclusion

In a general conclusion, the four treatments of
fertilization applied in the present study improved
significantly the vegetative characteristics, yield and
yield components, chemical composition of tubers and
leaves as compared to the control. However, it was
obvious that treatment of external composting with
mineral fertilizers was superior to the other treatments
along with the control. Meanwhile treatment of external
camposting with bio-fertitizer was the second treatment
in this respect. In contrast, treatment of internal
composting with mineral fertilizers and treatment of
internal composting with bio-fertilizer came behind the
former treatments.
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