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Abstract Incorporation of compost in soil will not only
protect the environment, but also take advantage of the
nutrients and organic matter contained in the compost to
enhance soil fertility and crop production. Field experi-
ments were carried out during the 2006/2007 and 2007/
2008 growing seasons at the College of Food and
Agriculture Farm, United Arab Emirates University. The
experiments were established in randomized complete
block design (RCBD) with four replications. The plot
dimension was 3.2 mx2.8 m, with four rows per plot. The
treatments were designed to study the effect of compost
rates on the potato production and soil fertility properties.
Five rates of compost were investigated (control, 40, 80,
120 ton compost per hectare; and inorganic fertilizers
(250 kg N-ha™, 250 kg P,Os-ha™ and 300 kg K,O-ha™)).
Results of the first growing season 2006/2007 showed that
marketable tuber yield, plant height and specific gravity
were greater in compost amended soil than in non-
amended soil even if inorganic fertilizers were added.
Application of 120 ton compost per hectare gave the
highest total tubers number, marketable tuber yield, height
and specific gravity.

Keywords compost, soil fertility, tuber quality, minerals,
crop production, Solanum tuberosum

1 Introduction

Potato, Solanum tuberosum L., is the most important
agronomic root and tuber crop in the world. Today, potato
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is grown in more than 130 countries and over a billion
people worldwide eat it, making it the third most important
food crop in the world after rice and wheat. It is a major
source of inexpensive energy. Potato produces more food
per unit of water than any other major crops. Potato is also
an excellent source of complex carbohydrates. No other
crop can match the crop in its production of food energy
and food value per unit area (Nevain et al., 2007). It
contains significant amounts of vitamins B and C and other
minerals. Moreover, potato is used in many industries,
such as French fries, chips, starch and alcohol production
(Mehdi et al., 2009). Potato indeed could become an
important food crop, as it can be planted in dry areas not
suitable for rice, and it is a potential crop for the United
Arab Emirates. It is mainly produced on sandy soil under
irrigation. This type of soil is characterized by low organic
matter and fertility. Under these conditions, compost may
be a key factor for improving the soil fertility and
increasing potato production.

The recycling and further use of organic residues in soils
represents an attempt to alleviate the serious environmental
problems caused by residue accumulations (Sonia et al.,
2008). Moldes et al. (2007) claimed that the application of
mature compost at reasonable rates improved plant growth
and soil physical properties, and increased the available
soil nutrient levels. The use of compost in agriculture in
most countries of the world is gradually increasing as a
result of the promising results achieved through their
experiences with its management. Compost application to
the soil has several beneficial effects on crop yield and soil
fertility by improving and increasing soil organic matter,
water holding capacity, nutrient contents, soil aggregation,
and microbial activity (Griffin and Porter, 2004; Elisabetta
and Nicola, 2009). Also, compost application has positive
effects on the crop yield, root system and stimulation of
plant-growth due to hormones (Garcia-gil et al., 2000).
Moreover, use of compost as a fertilizer in agriculture is a
convenient method of disposal. A field study was
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conducted by Bresson et al. (2001) to assess the impact of
composts from four sources and ammonium nitrate (AN)
applied at different rates in the spring on soil moisture and
inorganic N in spring wheat production (7riticum aestivum
L. 'Messier'). They indicated that large amounts of compost
raised soil moisture content of the sandy loam by 3%—5%,
particularly under dry climatic conditions. Similar results
were obtained by Hopkins and Stark (2003) who found
that soil water content was increased by compost compared
to the control treatment.

Another study conducted by Kleinhenz and Cardina
(2003) showed that compost application increased the
yield of potato tubers by 13%—14%. Moreover, weed
densities and biomass were very low in two seasons. Also,
Henderson (2000) indicated that compost addition
increased potato tuber yield above the maximum yield
obtained with nitrogen application. Moreover, compost
application in an intensive 3-year potato rotation provided
benefits for potato productivity and both soil physical and
biological properties. A recent three-year study was done
by Hopkins and Stark ( 2003) at the University of Idaho in
which they evaluated the effect of three rates of
phosphorus (0, 60, or 120 Ibs P,Os-ha™) applied in the
mark-out band with and without humic acid (which is a
compost product) at a 10:1 v/v ratio. They found that
petiole phosphorus (P) concentrations during tuber bulking
increased by an average of 0.03% with the addition of
humic acid. In addition, humic acid application increased
total yield and gross return. The aim of our present research
was to evaluate the effect of different rates of compost on
the potato production and soil fertility properties.

2 Materials and methods

Two field trials were conducted during the 2006/2007 and
2007/2008 growing seasons at the experimental farm of the
College of Food and Agriculture, United Arab Emirates
University, Al-Ain. The experiments were established in
randomized complete block design (RCBD) with four
replications. Plot dimension was 3.2 mx2.8 m, with four
rows per plot. The treatments were designed to study the
effect of compost rate on the potato production and soil
fertility properties. Five rates of compost used: zero
compost application (control); 40 ton compost per hectare;
80 ton compost per hectare; 120 ton compost per hectare;
and inorganic fertilizers (250 kg N-ha™, 250 kg P,Os-ha™
and 300 kg K,O-ha™). The potato cultivar (Jelly-medium
maturity) was used in the experiment. The compost was
applied to all plots and incorporated uniformly into soil
prior to sowing. Representative compost and soil samples
were then taken for chemical analysis (Table 1).

During the growing season, plant height, leaf area and
chlorophyll content were determined. At harvesting, potato
tubers were graded visually into marketable (> 3.5 cm in
diameter) and cull (< 3.5 cm, bruised, green or sprouted

Table 1 Preliminary analysis of the compost

parameter compost
O.M/% 50-60
moisture/% 25
pH 6.5-7.5
N/% 2.3
P/% 1.65
K/% 1.76

tubers). Marketable and total tuber yield were determined
by weight. Potato tuber samples were collected from all
treatments to determine the dry matter and specific gravity.
Plant samples from each plot were taken at maturity stage
for chemical analysis. Plant samples were analyzed for the
following constituents: total nitrogen; total phosphorus;
potassium; micronutrients and heavy metals.

As for the statistical analysis in our study, MSTATC
PROGRAM (Michigan State University, USA) was used.
Data for each trait were analyzed for a randomized
complete block design (RCBD). Analysis of variance
was used to determine the main effect of compost rate.
Comparisons between means were made using Least
Significant Differences (LSD) at 0.05 probability level.

3 Results and discussion
3.1 Effect of compost application on growth parameters

The first growing season 2006/2007 results showed that
marketable tuber yield increased significantly (P < 0.05)
with increasing compost rate (Fig. 1). The addition of 120
ton compost per hectare gave the highest marketable tuber
yield (14.21t-ha™). Also, application of 40 and 80 ton
compost per hectare increased the marketable tuber yield to
10.41 and 11.26t-ha', respectively. Marketable tuber
yield was greater in compost amended soil than in non-
amended soil even if inorganic fertilizers were added.
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Fig. 1 Effect of different rates of compost on marketable tubers
yield in the first growing season 2006/2007
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Number of marketable tuber in the first growing season
2006/2007 increased with the increasing of compost rate.
The marketable tuber number increased from 90030 to
141369 tuber per hectare when 120ton compost per

hectare was applied (Fig. 2, Plate 1).
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Fig. 2 Effect of different rates of compost on the number of
marketable tubers in the first growing season 2006/2007

Plate 1 Effect of different rates of compost on the marketable
tubers

Specific gravity is an important quality parameter
associated with processing of tubers. The higher the
specific gravity, the higher the recovery rate and the better
the quality of the processed product. There is a very high
correlation between the specific gravity of the tuber and
starch content and also the percentage of dry matter or total
solid (Henderson, 2000). The specific gravity in the first
growing season 2006/2007 was clearly affected by the
compost applications (Fig. 3). The treatments (control,
40 ton compost per hectare and inorganic fertilizers) had
the lowest specific gravity, whereas, the addition of 80 ton
compost per hectare increased the specific gravity but was
less than the addition of 120ton compost per hectare,
which gave the highest specific gravity.

Plant height in the first growing season 2006/2007 was
significantly affected by the compost application (Fig. 4).
The highest plant was reached when 120 ton compost per
hectare was applied. Whereas, the lowest plant height was
found when no compost or fertilizers were applied.
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Fig. 3 Effect of different rates of compost on tuber specific
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Fig. 4 Effect of different rates of compost on plant height in the
first growing season 2006/2007

3.2 The effect of compost on the tubers nutrient
concentration

Table 2 and Table 3 show the results of macro- and micro-
nutrients contents in tuber tissues. No significant differ-
ences were found in tuber analysis regarding N, P, K in the
first growing season and compost rates. Whereas, there
were significant differences between treatments in the
second growing season interms of phosphorus and
potassium. Micronutrients significantly increased with
compost application in both growing seasons. Further-
more, no accumulation of heavy metals was absorbed in
tuber tissues.

3.3 Effect of compost on soil properties

The nutrient content of the soil was significantly increased
with increasing compost rates (Table 4 and Table 5). N, P,
K, Cu, Fe, Mn and Zn also increased with increasing
compost rates. Also, organic matters were strongly affected
by the compost application, just because organic matter
was an important factor for improving soil and plant
growth. On the other hand, compost application did not
affect the soil pH and soil salinity. In addition to that the
heavy metals levels in the organically amended soil were
within the normal range for agricultural soils (Mkhabela
and Warman, 2005).
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Table 2 Effect of different compost rate on the macronutrients concentrations in tissue tissues

compost rates/(t~ha71) N/% P/% K/%
2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008
0 1.25 1.33 0.30 0.32b 2.57 2.07a
40 1.30 1.26 0.31 0.29d 2.47 1.98¢c
80 1.34 1.26 0.33 0.32a 2.37 2.04ab
120 1.37 1.30 0.25 0.30c 2.39 1.99bc
inorganic fertilizer 1.35 1.29 0.26 0.28e 2.21 1.99bc
Poos NS NS NS * NS *
Note: Values followed by different small letters represent significance at 0.05 probability levels according to LSD test (the same as below)
Table 3  Effect of different compost rate on the micronutrient and heavy metals concentrations in tissues
item 0tha ' 40 t-ha | 80 t-ha | 120 t-ha ' inorganic fertilizer Py os
Cu/(mg-L ) 2006/2007 7.4b 10.6a 9.8ab 11.1a 7.4b *
2007/2008 0.26¢ 0.61b 0.80a 0.81a 0.13d NS
Fe/(mg-L ™) 2006/2007 86 242 96 76 109 NS
2007/2008 213ab 258a 212ab 186b 230ab *
Mn/(mg-L ) 2006/2007 6.41 6.68 52 4.86 5.72 NS
2007/2008 11.15ab 6.75bc 8.10bc 5.75¢ 12.65a NS
Zn/(mg-L ") 2006/2007 20.00c 28.60b 28.87b 34.57a 20.07¢ o
2007/2008 16.35¢ 21.90b 28.85a 28.80a 15.85¢ o
Cd/(mg-L™" 2006/2007 0 0 0 0 0 NS
2007/2008 9.1 9.6 8.7 9.1 8.85 NS

Table 4 Effect of different compost rate on the macronutrients concentrations, soil pH, electrical conductivity and organic matter in the soil

compost rates/(t-ha ') N/% Pimg-L ") K/(mg-L ) pH EC/(ms-m ') OM/%
0 0.04c 67.2 85.4c 8.3c 0.24b 0.69d
40 0.14b 54.8 162.6bc 8.4bc 0.56b 1.53¢c
80 0.15b 25.4 175.1b 8.4ab 0.51b 2.31b
120 0.37a 63.9 322.4a 8.5a 1.44a 4.04a
inorganic fertilizer 0.05¢ 54.8 124.0bc 8.3¢c 0.31b 0.86d
Note: EC stands for Electrical conductivity.

Table 5 Effect of different compost rate on the micronutrient and heavy metals concentrations in the soil

compost rates/(tlhafl) Cu/(mg~L71) Fe/(mg~L71) Mn/(mg~L71) Zn/(mg-Lfl) Cd/(mg~L71)
0 091c 7.80c 421c 2.97c 0.05¢
40 2.97b 42.70bc 6.29b 8.88b 0.21b
80 3.95b 64.74b 7.24b 9.82b 0.24b
120 8.24a 210.86a 11.17a 11.36a 0.55a
inorganic fertilizer 1.26¢ 10.70c 4.36¢c 4.25¢ 0.06¢c

The high economic value of potato has become a reality
throughout different parts of the globe. However, the yield
loss due to diseases, improper plant protection measures,
abiotic constraints and overall side-effects from modern
organic and synthetic fertilizers are the main hindrances to
the economic production of this crop. Therefore, in order to
overcome these problems, at least better plant protection
strategies should be applied. In this context, application of

compost from municipal garbage can be an alternative for
organic fertilizers. Research has shown that a number of
factors contribute to increased biomass production, namely
greater photosynthesis, higher water use efficiency,
depression of respiration and delayed leaf senescence
due to various plant hormone and growth regulator
treatments. Comparatively few studies have investigated
the effect of compost prepared from municipal garbage on
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potato. It has been demonstrated that tuber hierarchy can
alter in response to environmental changes (Heidmann et
al., 2008). The potato plant, however, may also be affected
by low irradiance and other common abiotic factors
(Oumeéma et al., 2006). Intercropping conditions may
additionally affect temperature within the canopy and
induce a beneficial microclimate for potato growth
(Gustave et al., 2008). Potato may produce 90% of its
nodal roots by the fourth leaf stage thanks to the abundant
carbon resources in the planted tuber while the emergence
of nodal roots in maize is progressive and usually
synchronous with that of leaves.

In our studies, the results of the first growing season
2006/2007 showed that marketable tuber yield, plant
height and specific gravity were greater in compost
amended soil than in non-amended soil even if inorganic
fertilizers were added. This was possibly due to the fact
that compost increased soil organic matter, water holding
capacity, nutrient contents, soil aggregation, root system
and microbial activity (Mamo et al., 2000; Carter et al.,
2001; John et al., 2002). Similar results were obtained by
Kleinhenz and Cardina (2003) who showed that compost
application increased the yield of potato tubers by 13%—
14%. Also, Mamo et al. (2000) indicated that compost
addition increased potato tuber yield above the maximum
yield obtained with nitrogen application. Moreover, com-
post application in an intensive 3-year potato rotation
provided benefits for potato productivity and both soil
physical and biological properties.

Our present study has shown very clearly that substantial
stimulation of potato tuber yield and quality of tubers can
be expected to result from compost applications. Conse-
quently, these encouraging results demonstrate that
application of compost can be considered as an alternative
and effective means of fertilization in cultivated potato. It
can be used to complement and supplement conventional
fertilization methods for crop improvement.
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