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The experiment was conducted to study the effect of mulch on growth and yield of tomato varieties
under polyhouse condition at Bahir Dar, Ethiopia in 2012 and 2013. The treatments were 4 x 2 factorial
combinations of mulching material (Black plastic mulch (BPM), White plastic mulch (WPM), Grass
mulch (GM) and no mulch with two varieties (Cochoro and Miya). White plastic mulch recorded
significantly tallest plant height followed by black plastic mulch. Significantly highest number of
primary and secondary branches per plant were recorded for un-mulched Cochoro variety and mulched
with grass, respectively in 2013. Cochoro variety mulched with grass produced significantly highest
number of flowers per cluster in 2013. Significantly highest number of fruits per cluster and percent
fruit set was registered when Miya variety was grown on grass and black plastic mulch, respectively.
Earlier flower, fruit set and maturity of fruits were recorded from plants mulched with white plastic.
Significantly early flowering, fruit setting and fruit maturity were recorded inthe Miya variety. The
highest marketable fruit yield was obtained with grass mulch treatment (60.90 t ha™) and the lowest was
obtained with no mulch treatment (43.76 t ha™). The increase in fruit yield gained by the application of
grass mulch in polyhouse was attributed to its favorable effect on soil temperature and soil moisture
which subsequently created conducive condition for root growth and development. Significantly higher
marketable yield was obtained in Miya variety (57.83 t ha'l) as compared to Cochoro variety (44.32t ha
l). The mean air temperature regime was 18.7°C (night) to 25.6°C (day) inside the polyhouse which was
optimum for plants growth and normal fruits production. Soil temperatures under both plastic mulches
were constantly higher than under bare soil and grass mulch. Cost benefit analysis indicates the
highest net benefit was obtained on grass mulch. Based on agronomic performance and economic
analysis the result of the present study indicated that the superiority of Miya tomato variety grown at
grass mulch under polyhouse growing condition. Therefore, application of grass mulch for tomato fruit
yield using Miya variety is recommended for producers in the study area.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the most widely consumed vegetable crops in the world. It is
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eaten fresh or in a multiple of processed forms. The three
major processed products are (i) tomato preserves
(whole peeled tomato, tomato juice, tomato pulp, tomato
puree, tomato paste and pickled tomatoes); (i) dried
tomato (tomato powder, tomato flakes and dried tomato
fruits), and (iii) tomato-based foods (tomato soup, tomato
sauces and ketchup) (Costal and Heuvelink, 2005).

Tomato can play an important role in human diet. It is a
valuable source of vitamins A and C, as well as several
minerals (Kaur and Kapoor, 2008) including calcium, iron,
manganese, and particularly potassium (Hevrn and Post,
2004; Naika et al.,2005). It also contains lycopene, which
is a carotenoid (a pigment involved in photosynthesis)
and that gives red coloring to tomatoes (Kelley and
Boyhan, 2010).

Crop productivity is influenced by the genetic
characteristics of the cultivar, growing environment and
management practices. Vegetable and flower production
is significantly influenced by weather conditions. The
extent of its production causes considerable fluctuations
in its prices. A striking balance between all season
availability of vegetables and the production system are
major challenges for the modern technology of crop
production. Recently, the protected cultivation is
becoming an important production practices for creating
favorable environment for the sustained growth of plant to
realize its maximum potential even in adverse climatic
conditions. Greenhouses, plastic tunnels, insect-proof net
houses and shade nets are used as protective structures
depending on the requirements and cost-effectiveness.
Besides modifying the plant's environment, these
protective structures provide protection against wind, rain
and insects (Hasan and Singh, 2007).

Climate is the predominant factor that determines crop
production. Therefore, growers who have the ability to
modify growing environment condition have a competitive
advantage over growers in the same region that do not
have the ability to manipulate growing environment
condition. Manipulation of environmental condition can be
achieved through a variety of cultural practices (Read,
2007).Among the cultural practicesmulching is the one
that involves placing organic or synthetic materials on the
soil around plants to provide a more favorable
environment for growth and production. Tomatoes,
peppers, eggplants, vine crops and okra generally
respond well to plastic mulches. Plastic mulches normally
are used in conjunction with drip irrigation to maintain
optimum soil moisture and for improved stand
establishment (George, 2007).

Tomato offers considerable economic returns for
farmers in tropical regions especially when grown during
the wet season. However, yield of tomato varies
according to the cultural management and also with the
variety used. The application of appropriate field cultural
management practices and the choice of cultivars are the
two factors that affect the productivity of tomato. In the
tropics, cultivation of most vegetables provides a major

source of income and fresh food for small-scale growers.

However, conventional open field cultivation faces a
number of problems particularly during wet seasons,
hence, protected cultivation in the form of low-cost
greenhouses and shelter structures offer the possibility of
resolving the problem. The use of rain shelters or
structure with plastic sheet roofing to protect plants from
heavy rain is seen as a potential farming technique that
would allow off-season production of tomatoes (Capuno
et al., 2007).With establishment and expansion of small
scale irrigation schemes production of horticultural crops
in Amhara region of Ethiopia, like tomato and onion is
showing relative progress, and vyet this system is
constrained by various factors. Lack of improved
production experience among farmers’ and inadequate
extension support and unavailability of technological
inputs, insect pests and diseases, substantial seasonal
price fluctuation and postharvest loss are among the
bottlenecks of this system. Year-round production
practice is a key to avoid seasonal price fluctuation and
maintain reasonable year round profit.

However, supply of crops like tomato and onion
overwhelm the marketing during few months in the dry
season, and as a result, the price of the crop drastically
decreases. On the other hand, the same crops disappear
from the market in the wet season. Disease prevailing
during rainy season attributed to the shift of production. If
this situation is to continue, forthcoming medium scale
irrigation projects may not justify investment on
processing plants that may need year round availability of
certain commodities such as tomato (Adet Agricultural
Research Center, 2003). These problems can be
overcome by introducing new production techniques that
involve integrated disease management methods and
modification of the environment through protected cultiva-
tion that can include use of plastic shelters and muich.

This will enable producers get year round income, with
reliable market and higher prices. Better risk manage-
ment against frost, hailstorm, soil erosion problem,
production of cleaner and higher quality produce and effi-
ciency of water use are also advantages of these techno-
logies (Hevrn and Post, 2004). The problem to produce
tomato during wet season was the background to
conduct the present research. Therefore, the present
study was conducted to compare the effect of different
mulching materials on the fruit yield of tomato grown
under polyhouse and to assess the performance of
improved tomato varieties under mulch and polyhouse
conditions.

MATERIALS AND METHODS
Description of the study area
The experiment was conducted at Woramit Horticultural Crops Trial
Site of Adet Agricultural Research Center during the rainy season in

2012 and 2013. Woramit is located in the North-western part of
Bahir Dar town on the shore of Lake Tana in Ethiopia. The site has



an altitude of 1800 mabove sea level. It has warm and humid
microclimate with distinct dry and wet seasons. The soil is deep
with red-brown color characterized as Nitosol. The mean daily
maximum temperature is 29.5°C in April. The mean daily minimum
temperature is 6.2°C in January. The area receives a mean annual
rainfall of 800-1250 mm. Generally the agro-ecology is
characterized as mid altitude (Baye, 2011).

Experimental materials

Two tomato varieties, namely, Cochoro and Miya, were used as
experimental materials. Cochoro variety is characterized as a
processing type tomato having compact and determinate growth
habit type with strong stem. Miya is fresh market type, strong stem
with indeterminate growth habit (MoARD, 2007). The mulch
materials were black and white colored plastic sheets with 0.02 mm
thicknesses and dried grass as organic mulch which was applied by
spreading on the soil surface at the rate of 4 t/ha. The treatments
were applied in polyhouse which had size of 12 m wide and 33 m
length with 3 m height at the center. Two-thirds of the four sides of
the polyhouse were covered with 0.15 mm thickness light
transparent polyethylene sheet with 80% light transmission capacity
starting from the ground. The remaining 1/3 upper portion of the
walls was covered with insect proof net for ventilation. The frame of
the polyhouse was made from bamboo and wood.

Treatment and experimental design

The experiment consists of eight treatments which were arranged in
4 x 2 factorial combinations. The first factor consists of four types of
mulch namely; black plastic mulch (BPM), white plastic mulch
(WPM), grass mulch (GM) and no mulch as a control and second
factor consists of two tomato varieties namely Chochoro and Miya.
The experiment was laid out as Randomized Complete Block
Design (RCBD) with 3 replications.

Experimental procedure

Seedlings were raised on a seedbed inside a plastic tunnel in first
week of June 2012 and 2013. To protect the seedlings from
damping off, Ridomil® MZ 68 WG was sprayed on the nursery
beds every two weeks at the rate of 2.5 kg per hectare. Land
inside the naturally ventilated polyhouse was thoroughly dug to a
depth of 20 to 25 cm one month prior to planting. Weeds and
stubbles were removed and the soil pulverized through repeated
cultivation. Finally raised beds were prepared for each replication
with height of 25 cm to facilitate drainage.

One month old tomato seedlings were transplanted on 8.4 m?
gross plot size (3 x2.8 m) with spacing of 70 x40 cm between
rows and plants, respectively. Data were collected from randomly
selected 16 plants per plot at the two central rows. The field was
watered with drip irrigation system which is convenient for
production under plastic mulch. Based on the national
recommendation, P,Os and Nitrogen fertilizer were applied at the
rate of 92 and 64 kg ha™, respectively, in the form of diamonium
phosphate (DAP) and Urea, respectively (Lemma, 2002). The
whole rate of DAP (200 kg ha™) was applied at the time of
transplanting while Urea (100 kg ha™) was applied in two splits,
half at the time of transplanting and half at 45 days after
transplanting with irrigation water. Fungal diseases and worms
were controlled by the application of 2.5 kgha'Ridomil® MZ 68
WG and 0.75 liters ha™® Selecron® 720 EC, respectively. Other
agronomic management practices were applied according to the
national recommendation for the crop (Lemma, 2002).The mulch
materials were laid before transplanting and small transplanting
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hole was made on the plastic mulch for planting each seedling.
Trellis structure was prepared from wooden pole and wire to
support each plant.

Data collection
Morpho-phenological data

In this experiment, data for days to 50% flowering, days to 50%
fruiting and days to 50% maturity were recorded on plot basis, while
others that is, number of flowers per cluster, number of fruits per
cluster and fruit set were collected and recorded from 10 randomly
selected plants of the two middle rows of each plot.

Days to 50% flowering (DAFI 50%): Recorded as number of days
from transplanting to flowering of 50% of plants in each plot.

Days to 50% fruiting (DAFr 50%): Recorded asnumber of days
from the date of transplanting to date of 50% of plants bear fruit in
each plot.

Days to maturity (DAM 50%): Recorded as numbers of days from
the date of transplanting to date of 50% of the plant in each plot
have physiologically matured fruits for the first time.

Plant height (PLH)(cm): The mean height of the plants were taken
from the ground level to the tip of upper most part of 10 randomly
selected plants at flowering, fruit setting, at first harvest and at final
harvest.

Number of primary branches per plant (NPBPP):Number
ofbranches extended from the main stem was recorded on 10
randomly selected plants in harvestable rows at flowering stage.

Number of secondary branches per plant (NSBPP): Number
ofbranches extended from the primary branches was recorded on
10 randomly selected plants in harvestable rows at flowering stage.

Yield and yield related parameters

Number of cluster per plant (NCPP): Recorded by counting total
number of clusters per plant from 10 randomly selected plants at
fully matured stage.

Number of flower per cluster (NFIPC): Recorded by counting total
number of flowers per cluster from 10 randomly selected clusters at
at blooming period.

Number of fruits per cluster (NFrPC): It was recorded by counting
total number of fruits per cluster from five randomly selected plants
at red ripening stage of a fruit using cluster used for flower count.

Fruit set (%): Determined by counting mature fruits developed on
flower clusters counted for number of flower per cluster were
calculated as follows:

_ NFrPC
Fruit set (%) = NFIPC x100

Where: NFrPC- Number of fruit per cluster and NFIPC-Number of
flower per cluster.

Marketable fruit yield (t ha™): Recorded by weighing all harvests
of marketable fruits from the two middle rows of each plot and
calculated to tons per hectare.
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Unmarketable fruit yield (t ha™): Recorded by weighing all
harvests of unmarketable fruits from the two middle rows of each
plot and calculated to tons per hectare considering the reason for
un-marketability.

Total fruit yield (t ha™): Recorded by weighing all harvests of
marketable and unmarketable fruits from the two middle rows of
each plot and calculated to tons per hectare considering the reason
for un-marketability.

Data analysis

Analysis of variances (ANOVA) were computed using SAS (9.00
version) software. The two years data were subjected to analysis of
variance and variance homogeneity test (using Bartlett's test) was
conducted for each attributes separately before the two years data
were subjected to the combined analysis over years. Duncan
Multiple Range Test (DMRT) at 5% probability level was carried out
for means separation.

RESULTS AND DISCUSSION
Morpho-phenological traits

The analysis of variance result revealed that all morhoo-
phenological attributes viz. plant height, days to 50%
plant flowering, fruit setting and maturity were
significantly influenced by the growing season (year)
except number of branches per plant. These traits were
also significantly affected by both mulch and variety. The
mulch, variety and year interaction influenced only plant
height, number of primary and secondary branches. All
possible two way interactions (Mulch x Variety, Mulch x
Year and Variety x Year) influenced plant height, number
of primary and secondary branches per plant (Table 1).

White plastic mulch recorded the highest plant height
value followed by black plastic mulch: However, the
values were not significantly different between the mulch
materials. On the other hand, plants grown on grass
mulch and no mulch recorded significantly lowest plant
height values (Table 2). This could be due to the effect
lower soil temperature produced at grass mulch and no
mulch as compared to plastic mulch treatments (Table 6).
Significantly taller plant height difference was observed in
white plastic mulch might be due to higher soil
temperature increasing effect of 2.54 and 1.42°C as
compared to grass mulch and no mulch treatment,
respectively. Earlier study suggested that a two degree
rise in temperature can result in a doubling of tomato
seedling shoot growth (Taber and Smith, 2009). Taber
and Gansemar (2011) also observed that organic
mulches keep the soil cooler with retardation of tomato
growth via slower cell division and cell maturation.
Regarding varieties, Cochoro scored significantly highest
plant height value compared to Miya. Plants grown during
2013 scored significantly highest plant height value
compared to plants grown during 2012 (Table 2).

Plants grown with white plastic mulch were earlier
(shorter duration of growth phase) in terms of flowering,

fruit set and maturity as compared to grass mulch and
un-mulched treatments (Table 3). Likewise Incalcaterra et
al. (2004) reported that early flowering plants were grown
under plastic mulched plots than plants grown on bare
soil. The result was also in agreement with Melek and
Atilla (2009) who reported that the earliest flowering and
fruit formation were first observed with white mulch,
followed by black mulch application as compared to
control. Soil temperature might be contributed for this
earliness in the current study. It is supported by Arin and
Sozer (2001) finding that the shortest time for harvest
was recorded in transparent polythene mulch which also
at par with black polyethylene mulch. White and black
plastic mulches gave earlier flowers by 6 days,
respectively compared to no mulch and grass mulch
treatment, respectively. Generally, in the current study,
tomato plants grown under white plastic mulch hastened
reproductive phase (flowering fruit setting and fruit
maturity) when compared to plants grown under the
remaining treatments. Significantly higher mean soil
temperature was obtained for white plastic mulch forced
plants to flower earlier. White plastic mulch followed by
black plastic mulch exhibited the highest mean soil
temperatures (Table 6). Lamont (1999) reported that
mulches ameliorated soil hydrothermal regime, improved
vegetative growth, advanced flowering and fruit yield of
tomato plants compared to bare soil. The result is
supported by Ham et al. (1991) who reported that plants
grown under plastic mulches started flowering 9 days
earlier than those grown without mulch. Regarding
varieties, significantly shorter number of days to
flowering, fruit setting and fruit maturity was observed in
Miya as compared to Cochoro variety.

Generally, plants grown during 2012 significantly earlier
in terms of plant phenology compared to plants grown
during 2013. Significantly highest number of primary
branches per plant were recorded when Cochoro variety
grown without mulch (3.40) followed by black plastic
mulch in the year 2013. Cochoro variety grown with grass
mulch produced significantly highest number of
secondary branch (31.66) in the year 2013 as compared
to other treatment combinations in both years. On the
other hand, the lowest number of primary branches per
plant was recorded when Miya variety grown on other
than white plastic mulch (2.16) in the year 2012.
Similarly, the lowest number of secondary branches per
plant was recorded in Miya variety grown with white
plastic mulch in the year 2013. Generally, few numbers of
branches were recorded for both varieties treated with
white plastic mulch (Table 3). This might be due to soil
temperature difference among mulch treatments. During
the experiment period white plastic mulch treatment
recorded the highest mean soil temperature (27.06°C) as
well as the minimum (23.60°C) and maximum (32.79°C)
soil temperature (Table 6). Optimum root temperature for
mineral uptake and tomato growth is about 25°C
(Teasdal and Abdul-Baki, 1995).



Table 1. Mean squares from combined analysis of variance over two years for tomato plant growth, phenology and yield.
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Source of variation DF PLH NPBPP NSBPP  DAFI(50%) DAFr(50%) DAM (50%) NCPP NFrPC NFIPC Fruit set MYPH UMYPH TYPH
Mulch 3 421.82" 0210  49.89** 95.63* 481.63* 1563.24* 220.39** 4.78™ 529.26™* 661535171* 1621664 657410696
Variety 1 1109.76** 2475  273.60™  82.68" 432.00™ 63.02 201.72"  19.21* 4169.13** 2188892120 35760114 1665098725
Replication 2 73.31 0.003 0.69 36.64™ 21.58 42.06* 5.38 0.25 47.53 94633208 23188719* 147462123
Year 1 103.25* 0.075 18.00 88.02** 65.33* 77.52 18.57* 0.52 62.66 5719450 36003649 13023199
Mulch x Variety 3 26.11 0.982**  196.37** 0.24 8.66 53.40* 27.66™* 0.84* 5.65™ 351.65™ 64973329 4069902 66860657
Mulch x Year 3 57.21 0.145*  46.58™ 1.57 0.88 2.24 61.51* 0.08 0.12 17.31 39345729 257132 35561773
Variety x Year 1 42.56 0.091 26.40* 0.02 2.08 0.02 28.21* 1.21* 0.002 89.21 408042634* 21386903* 616263887
Mulch x Variety x Year 3 35.86 0.135*  57.24* 0.13 5.19 0.29 0.52 0.19 0.99* 20.33 92186146 5228557 125819345
Error 30 24.30 0.041 4.27 4.09 9.40 9.95 3.89 0.085 0.125 33.26 51129147 3067461 57351570
CV (%) 4.36 8.08 10.47 6.05 545 3.54 9.01 8.04 5.63 9.32 13.99 30.60 13.33

R2 0.80 0.85 0.91 0.81 0.88 0.74 091 0.94 0.89 0.88 0.78 0.65 0.75

*, ** Significant at P<0.05 and P<0.01), respectively. DF = Degree of freedom; PLH=plant height; NPBPP=number of primary branch per plant; NSBPP=number of secondary branch per plant; DAFI
(50%)=days to 50% flowering; DAFr (50%)= days to 50% fruiting; DAM (50%)=days to 50% fruit maturity; NCPP=number of cluster per plant; NFrPC=number of fruit per cluster; NFIPC=number of flower
per cluster; MYPH=marketable yield per hectare; UMYPH=unmarketable yield per hectare;TYPH=total yield per hectare.

Yield and yield related traits

The analysis of variance result revealed that yield
and vyield related attributes such as number of
cluster per plant, number of fruits per cluster and
unmarketable fruit yield per hectare were
significantly influenced by the growing season
(year). Yield and vyield related traits such as
number of cluster per plant, number of flower per
cluster, number of fruits per cluster, percent fruit
set, marketable fruit yield per hectare and total
yield per hectare were significantly affected by
both mulch and variety. The mulch, variety and
year interaction influenced only number of flower
per cluster. All possible two way interactions
(Mulch x Variety, Mulch x Year and Variety x
Year) influenced all yield and yield related traits
measured (Table 1).

Significantly highest number of cluster (30.33)
was registered in Cochoro variety grown without
mulch. In the present study, the combinations of
mulched and un-mulched Cochoro variety had

higher number of clusters as compared to the
combination of mulched and un-mulched Miya
variety (Table 5). This may indicate differences in
genotypic responses differently to the number of
cluster per plant in polyhouse condition.

John et al. (2005) justified this difference that
varieties have inherent potential for production of
cluster and consequently more fruits. Number of
cluster is one of the major criteria to select variety
or treatment application for higher tomato yield
and preferable fruit size. Interaction of variety and
year was also significant on cluster per plant
(Table 4). Cochoro variety grown in the year 2013
produced the highest cluster per plant followed by
the same variety grown in the year 2012.
Significantly higher number of flower per cluster
was recorded for Cochoro plants grown with grass
mulch (7.84).

The current study result agreed with Kayum et
al. (2008) who reported that using straw mulch
produced the highest number of fruits and flower
clusters per plant. Flower per cluster helps to

estimate the potential of fruit set for a certain
variety or a given treatment application. In this
study, the higher number of flower per cluster
obtained from grass mulch may be contributed by
the prevailing of significant lower soil temperature
under grass mulch. During the experimentation
period grass mulch treatment recorded the lowest
mean soil temperature of 24.50°C. On the other
hand, higher soil temperature under plastic
mulches coupled with high air temperature inside
the polyhouse might have affected plants not to
produce more number of flowers per cluster
particularly in Cochoro variety (Table 6 and Figure
1). Yama et al. (2006) clarified that tolerance of
tomato varieties to higher temperature condition
inthe polyhouse varies.

The result indicates that statistically highest
number of fruits per cluster was recorded for Miya
variety grown with grass mulch (4.90) and the
same variety grown with black plastic mulch (4.81)
(Table 5). Similarly Kayum et al. (2008) reported
that mulching with straw produced the highest
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Table 2. Effect of mulch, variety and year on tomato growth, phenology and yield.

barameter PLH DAFI DAFr DAM MYPH UMYPH TYPH
(cm) (50%) (50%) (50%) (t ha™) (t ha™) (t ha™
Mulch
BPM 116.35% 32.75° 56.00° 89.58° 52.29° 5.22 57.50°
WPM 118.85% 29.66° 47.33¢ 84.16° 47.36" 6.09 53.45
GM 105.70° 35.66% 60.33% 92.75% 60.90% 5.86 66.76%
No mulch 110.35° 35.50? 61.16° 89.75° 43.76° 5.73 49.49°
SE+ 2.96 1.41 3.16 1.78 3.71 0.18 3.70
Significance xok *x *k *k *k ns xk
Variety
Cochoro 117.622 34.70° 59.20° 90.20° 44.32° 6.59° 50.91°
Miya 108.00° 32.08" 53.20° 87.91° 57.83% 4.86° 62.69%
SE#+ 4.81 1.31 3.00 1.14 6.75 0.87 5.89
Slgnlflcance *% *% *% * *% *%* *%*
Year
2012 111.35° 32.04° 55.04° 87.79° 50.73 6.59% 57.32
2013 114.28% 34.75% 57.37% 90.33% 51.42 4.86° 56.28
SE#+ 1.47 1.35 1.16 1.27 0.35 0.87 0.52
Significance * ** * * ns ** ns

Means in columns with the same letter in each trait are not significantly different. BPM= black plastic mulch, WPM= white plastic mulch and GM=
grass mulch; PLH=plant height; DAFI (50%)=days to 50% flowering; DAFr (50%)= days to 50% fruiting; DAM (50%)=days to 50% fruit maturity;
MYPH=marketable yield per hectare; UMYPH=unmarketable yield per hectare; TYPH=total yield per hectare.

Table 3. Interaction effect of mulch, variety and year on tomato plant growth.

Trait y NPB NSB NFIPC

rail ear

Variety Mulch 2012 2013 2012 2013 2012 2013

Cochoro BPM 2.43% 2.30° 16.66% 11.739 5.53% 4.809
WPM 2.73% 2.50" 24.23° 21.86° 5.46' 5.86%1
GM 2.60° 3.16% 22.20°™ 31.66% 7.84% 8.00%
No mulch 2.93% 3.40° 24.90° 23.76" 5.97°% 7.00%¢

Miya BPM 2.63" 2.80% 19.76"% 23.33" 6.08°" 6.80°
WPM 2.16° 2.00° 18.73"® 9.13¢ 6.26°% 6.66°%
GM 2.23° 2.26° 19.00"% 16.80% 6.20°% 6.16°%
No mulch 2.20° 2.20° 17.26%% 14.73°%9 6.04°% 5.70°%

SE+ 0.10 1.38 0.21

Significance * ** **

Means in columns with the same letter in each trait are not significantly different. BPM= black plastic mulch, WPM= white plastic mulch and GM= grass
mulch NPB=number of primary branch; NSB=number of secondary branch; NFIPC=number of flower per cluster.

number of clusters and fruits per plant. Cochoro variety
plants grown with both plastic mulches recorded the
lowest number of fruits per cluster. Highest soll
temperature received under both plastic mulches coupled
with the higher air temperature inside the polyhouse

affected plants to produce lowest number of fruits per
cluster. In the current study, the combination of mulch
and un-mulch with Miya variety was excellent in terms of
fruit per cluster as compared to the combination of mulch
and un-mulch with Cochoro variety. This indicates that
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Table 4. Interaction effect of variety and year on tomato plant growth, yield and yield component.

Variety Year NCPP NFrPC MYPH(t ha™) UMYPH (t ha™) TYPH (t ha)
Cochoro 2012 23.79° 3.26" 41.06° 6.78° 47.85°
2013 24.08° 2.74° 47.58™ 6.39 53.97°
Miya 2012 21.20° 4.21% 60.40% 6.39% 66.79°
2013 18.45° 4.32% 55.26% 3.33° 58.59%°
SE+ 1.31 0.38 4.25 0.80 3.99
Significance ** ** * * *x

Means in columns with the same letter in each trait are not significantly different; NCPP=number of cluster per plant; NFrPC=number
of fruit per cluster; MYPH=marketable yield per hectare; UMYPH=unmarketable yield per hectare; TYPH=total yield per hectare.

Table 5. Interaction effect of mulch and variety on tomato yield component.

Variety Mulch DAM (50%) NCPP NFIPC NFrPC Fruit set (%)
Cochoro BPM 91.33" 19.61°% 5.16° 2.78¢ 53.88%
WPM 86.00° 26.88° 5.66° 2.49¢ 43.36¢
GM 95.66% 18.91% 7.92% 3.93° 49.62%
No mulch 91.60™ 30.33° 6.48" 2.81¢ 43.99%
Miya BPM 87.83™ 15.85° 6.44" 4.81° 74.68%
WPM 82.33e 21.46" 6.46° 3.36° 52.05
GM 89.83" 18.86% 6.18" 4.90° 79.29%
No mulch 87.83" 23.16° 5.87¢ 4.00° 68.12"
SE+ 1.42 1.68 0.29 0.33 4.94
Significance ** ** ** ** **

Means in columns with the same letter in each trait are not significantly different. BPM= black plastic mulch, WPM= white plastic mulch and
GM= grass mulch; DAM (50%) =days to 50% fruit maturity; NCPP=number of cluster per plant; NFIPC=number of flower per cluster;
NFrPC=number of fruit per cluster.

Table 6. Effect of mulching material on soil temperature (°C) at 10 cm depth combined over years.

Treatment July(°C) August(°C) September(°C) Mean(°C) Minimum (°C) Maximum(°C)
BPM 27.45° 25.59%° 25.99° 26.34° 23.27% 30.93"
WPM 28.62% 25.93% 26.62% 27.06° 23.60° 32.79%
GM 24.84° 24.27° 24.40° 24.50° 22.08° 27.45°
No mulch 26.14° 25.02° 25.73% 25.63° 22.86" 29.48°
SE+ 0.82 0.36 0.47 0.55 0.33 1.13
Slgnlflcance *% *% *% *% *% *%
Year

2012 26.21° 23.92° 24.46° 24.86° 22.27° 29.04°
2013 27.33% 26.50% 26.92° 26.92° 23.64° 31.30°
SE#+ 0.56 1.29 1.23 1.03 0.69 1.13
Slgnlflcance *% *% *% *% *% *%
CV(%) 2.50 3.04 4.11 2.70 3.23 4.33

* and ** significant at P<0.05 and P<0.01, BPM= black plastic mulch, WPM= white plastic mulch and GM= grass mulch. Means in columns with
the same letter are non-significant each other at < 0.05.

variety may contribute for the highest production of fruits (2006) and Parvej et al. (2010) confirmed there is a great
under different environmental conditions. Yama et al. variation among tomato varieties regarding number of



8 J. Hortic. For.

30 A
25 A
20 A
T°(°C) 15 A ™ Inside
m Outside
10 1 Difference
5 -
4] T T T
& & & N S S D
& & s Q,Qéz < < R
AT LY ¥ i @'b‘\

Figure 1. Mean day and night air temperature difference between inside and outside the polyhouse

combined over years.

fruits per cluster. Interaction of variety and year was also
found significant. Miya variety grown in both years
significantly score highest fruits per plant (Table 4).

The maximum fruit set was registered for Miya variety
grown with grass mulch (79.29%) and the same variety
grown with black plastic (74.68%). On the other hand,
Cochoro variety grown with white plastic mulch exhibited
the lowest fruit set (43.36). The result indicates that effect
of variety may be contributed a lot rather than muich
(Table 5). Yama et al. (2006) reported the highest fruit set
(93.9%) for NSITH-162 and the lowest fruit set (83.1%)
for Avinash- 2 tomato variety. The investigator suggested
that the difference might be due to the adaptability of the
variety in the local environment and tolerance to high
temperature inside the polyhouse.

The result indicates that significantly highest
marketable tomato fruits yield was obtained from plants
grown with grass mulch treatment (60.90 t ha'l) followed
by plants grown under black plastic mulch (52.29 t ha'l)
(Table 2). The result agreed with report of Wahome et al.
(2001) who found highest marketable fruit yield was
observed in tomato mulched with grass followed by black
polythene mulched plants. The non-mulched plants had
the lowest fruit yield. The superiority of grass and black
plastic mulches are also in agreement with Siborlabane
(2000) in which rice husk and black plastic mulches were
the best among the mulching materials in producing
better yield and quality fresh market tomatoes. In the
present study, increment in tomato fruit yield under grass
mulch may be further explained by reduction of maximum
root zone temperature. During the experiment period
grass mulch recorded the lowest mean (24.52°C) soil
temperature compared to the remaining mulch and
control treatment (Table 6). According to Teasdal and
Abdul-Baki (1995) optimum root temperature for mineral
uptake and growth of tomato plants is about 25°C.

In line with, Yama et al. (2006) the potential of tomato
varieties to tolerate high temperature condition of the
polyhouse was different. Considering the varietal
performance, significantly higher marketable fruit yield
was obtained from Miya variety (57.82 t ha'l) as
compared to Cochoro variety (44.32 t ha'l) under
polyhouse condition (Table 2). Interaction effect of
variety and year was also found significant. The highest
marketable and total fruit yield was obtained when Miya
variety was produced in both years (Table 4).

The yields produced from plants grown with grass
mulch were higher than from plants grown with mulching
and non mulching treatments. This higher tomato yield
obtained under grass in the present study was associated
with profound root growth for maximum interception of
roots for water and nutrient absorption in the soil under
these mulching materials. The result was supported by
Moorby and Graves (1998) who reported that the greater
growth was associated with a larger leaf area and total
dry matter production, increased length of the root
system of tomato and the absorption of larger amounts of
N, P and K. According to Richard (1992) when air to root
zone temperature differences increase (that is, are
positive), root elongation rates increase. In the present
study, air to root temperature difference was found higher
under grass plastic mulch as compared other mulching
treatments. Air temperature at mid day was found
constant (27°C) (Figure 1) when grass mulch treatment
scored the lowest soil temperature (24.5°C) (Table 6)
during cropping season inside the polyhouse as
compared to other mulch treatments. The present study
has indicated the benefits of mulching material on tomato
yield. Mulching material resulted up to 23.43% fruit yield
increment as compared to bare soil. The results of Wang
et al. (2010) in case of bell pepper observed that the
application of organic mulch combined with plastic mulch
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Table 7. Costs and returns to produce tomato under polyhouse condition (300 m?).

Treatment Marketable fruit yield (kg/300 mz) Gross benefit (Birr)  Total cost (Birr) Net benefit (Birr) MRR (%)
No mulch 1312.65 19689.75 16931.00 2758.75 -
GM 1826.70 27400.50 17231.00 10169.50 2470
WPM 1420.95 21314.25 17951.00 3363.25 -945 D
BPM 1568.55 23528.25 18311.00 5217.25 515

During the experimentation period field price of tomato produce was 15.00 birr/kg due to the absence of tomato produce in the areas in summer. D-
Dominance analysis carried out listing the treatment total costs in increasing order. Then any treatment that has net benefits that are less or equal to

those of the treatments with low total costs was dominated.

100
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Figure 2. Mean day and night RH (%) difference between inside and outside the polyhouse combined

over years.

significantly improve yield and quality in terms of large
fruits.

The effect of mulch color on tomato plant growth and
yield vary according to the geographical location and
season (Decoteau et al., 1988). In the current study, the
highest fruit yield obtained using black plastic mulch as
compared to white plastic mulch are attributed to
favorable lower soil temperature under black plastic
mulch (Table 2). In agreement with Nkansah and Ito
(1995) finding that maximum tomato yields were obtained
at a night air and root-zone temperature combination of
18 and 24°C, respectively, This author concluded root
temperature reduced photosynthesis under too high or
too low air temperature conditions. In the present study,
mean minimum night air temperature was found 18°C
(Figure 1) and 24.50°C mean soil temperature under
grass mulch treatment during the experimentation period
(Table 6).

In the current study the overall unmarketable yield was
found low ranged from 5-6.60 t ha™ by the main effect
mulch, variety and year (Table 2). This might be due to
conducive relative humidity created inside the polyhouse
(59 to 86 %) (Figure 2). Read (2007) concluded that
relative humidity above 90 % can also cause
developmental of fruit disorders, related to localized

calcium deficiency and promote outbreak of fungal
diseases.

Cost-benefit analysis

In order to recommend for the producers, it is necessary
to estimate the minimum rate of return acceptable to
producers in the recommendation domain by organizing
experimental data and information about the costs and
benefits of various alternative treatments.

The highest net benefit was obtained from grass muilch
10169.5 birr with a marginal rate of return 2470% (Table
7). This means that for every 1.00 birr invested for grass
mulch application in the polyhouse, producers can expect
to recover the 1.00 birr and obtain additional 24.70 birr.
According to USAID (2009) report in India, a typical
traditional tomato farm of 500 square meters would
generate an estimated annual income of Rs. 10,000 to
20,000 as compared to estimated annual income from
similar sized polyhouse which was ranged from Rs.
45,000 to 50,000.

According to CIMMT (1988), the minimum acceptable
marginal rate of return (MRR %) should be between 50
and 100%. The present study indicated that MRR was
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found much greater than 100%. In general, from the cost-
benefit analysis, there are clear evidences that applying
grass mulch increased marketable tomato fruit yield
significantly, hence resulting in big economic returns.

CONCLUSIONS AND RECOMMENDATION

Application of mulching material significantly influences
on tomato plant growth, fruit yield and root zone soil
temperature. Regarding varieties, Miya perform best
significantly in terms of earliness (flowering, setting and
maturity), fruit yield (marketable and total fruit yield).
Similarly economic analysis of the study indicated there
are clear evidences that applying grass mulch increased
marketable tomato fruit yield significantly hence resulting
in big economic returns. The result of the study indicates
the superiority of using grass mulch together with Miya
variety for tomato production in the rainy season under
polyhouse condition. Therefore, application of grass
mulch for tomato vyield using Miya variety is
recommended for producers in the study area.

Conflict of Interests

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENTS

The authors acknowledge Amhara Regional Agricultural
Research Institute (ARRI) for the financial support which
enables us to successfully accomplish this work. We also
acknowledge Adet Agricultural Research Center staff,
Horticulture research case team members, for their
assistance during field experiment.

REFERENCES

AARC - Adet Agricultural Research Center (2003). Horticultural Crops
Production and Associated Constraints in North-
Western Ethiopia (Initial result of informal survey). Unpublished.

Arin L, Sozer A (2001). Effect of Low-Tunnel, Mulch and Pruning on the
Yield and Earliness of Tomato in Unheated Glasshouse. J. Appl.
Hortic. 3(1):23-27.

Baye B (2011). Effect of Mulching and Amount of Water on the Yield of
Tomato under Drip Irrigation. J. Hortic. For. 3(7):200-206.

Capuno O, Gonzaga Z, Lorto M, Briones E, Tulin A, Gerona R,
Mangmang J, Rogers G (2007). Cultivation of Tomato under Rainy
Shelter and in Open Field. Working Paper # 13.Cabintan, Ormoc
City, Leyte, Philippines.

CIMMT (International Maize and Wheat Improvement Center) (1988).
From Agronomic Data to Farmer Recommendations. Economics
Training Manual. Completely revised edition. Mexico. International
Development.

Costal JM, Heuvelink E (2005). The Tomato Crop and Industry. In:
Heuvelink E (ed). Tomatoes Wageningen University. The
Netherlands. pp. 1-20.

Decoteau DR, Kasperbaver MJ, Daniels DD, Hunt PG (1988). Plastic
mulch color effect on reflected light and tomato growth. J. Sci. Hort.
34:167-175.

George W (2007). Commercial Vegetable Production with Plastic
Mulches. Guide H-245, Cooperative Extension Service, College of
Agriculture and Home Economics, New Mexico State University.

Ham JM, Kluitenberg GJ, Lamont WJ (1991). Potential impact of plastic
mulches on the aboveground plant environment. Proc. Natl. Agric.
Plastics Congr. 23:63-69.

Hasan M, Singh B (2007). Protected Cultivation Technologies for
Growing High Value Horticultural Crops. CPCT, IARI, PUSA, New
Delhi, India.

Heurn EV, Post KV (2004). Protected Cultivation, Construction
Requirements and Use of Green House in Various Climates. Agrodok
23. Agromisa Foundation, Wageningen, The Netherlands.

Incalcaterra G, lapichino G, Vetrano F (2004). Effects of Transparent
Polyethylene Mulching and Different Planting Densities on Tomato
Grown for Processing in Sicily. Dipartimento ACEP, Sezione di
Orticoltura e Floricoltura, Universita di Palermo,Viale delle Scienze,
Palermo, Italy.

John RG, Mulungu LS, Ishengoma CG, Reuben SO, Msolla SN,
Maerere AP, Njau PJ, Ashimogo GC, Tiisekwa T, Mvena T, Laswai
HS (2005). Effect of Organic Mulch Type on Common Biotic, Abiotic
Factors and Yield Components in Determinate and Indeterminated
Tomato (Lycopersiconesculentum Mill.) Commercial Cultivars. Asian
J. Plant Sci. 4(6):580-588.

Kaur C, Kapoor HC (2008). Antioxidant Activity in Tomato a Function of
Genotype In: Preedy, RV, Watson RR (eds.), Tomatoes and tomato
products. Nutritional, Medicinal and Therapeutic Properties, Science
Publishers, Enfield, New Hampshire 03748. United States of America
pp. 111-132.

Kayum MA, Asaduzzaman M, Haque MZ (2008). Effects of indigenous
mulches on growth and yield of tomato. J. Agric. Rural Dev. 6(12):1-
6.

Kelley WT, Boyhan G (2010). Commercial Tomato Production Hand
Book. The University of Georgia and Ft, Valley State University.

Lamont WJ (1999). The Use of Different Colored Mulches for Yield and
Earliness. Proceedings of the New England Vegetable and Berry
Growers Conference and Trade Show, Sturbridge, Mass. pp. 299-
302.

Lemma D (2002). Tomatoes.Research Experience and Production
Prospects. Research Report # 43, Ethiopia Agricultural Research
Organization, EARO.

Melek E, Atilla D (2009). Effect of Different Mulch Materials on the Plant
Growth, Some QualityParameters and Yield of Melon (Cucumis melo
L) Cultivars in High Altitude Environmental Condition. J. Pak. Bot.
41(4):1891-1901.

MoARD (Minstry of Agriculture and Rural Development) (2007). Crop
Variety Register. Crop Development Department, Adiss Ababa,
Ethiopia.

Moorby J, Graves CJ (1998). Root and Air Temperature Effects
on Growth and Yield of Tomatoes and Lettuce.Symposium on
Research on Re-circulating Water Culture. ISHS Acta Hortic. 98:29-
43.

Naika S, van-Lidt JJ, Marja G, Martin H, Barbara D (2005). Cultivation
of Tomato. Agromisa Foundation and CTA, Wageningen.

Nkansah GO, Ito T (1995). Effect of Air and Root-Zone Temperatures
on Physiological Characteristics and Yield of Heat-tolerant and Non
Heat-tolerant Tomato Cultivars. J. Japan. Soc. Hortic. Sci. 64(2):315-
320.

Parvej MR, Khan MAH, Awal MA (2010). Phenological Development
and Production Potentials of Tomato UnderPolyhouse Climate.
Department of Seed Science and Technology, Bangladesh
Agricultural University, Mymensingh-2202, Bangladesh.

Read A (2007). Effect of Plastic Mulch, Row Cover and Cultivar
Selection on Growth of Tomatoes (Lycopersicon esculentum Mill) in
High Tunnel. M.Sc. Thesis. University of Missouri, Columbia.

Richard JM (1992). In Situ Plant Canopy and Potting Medium
Temperatures under Two Greenhouse Temperature Regimes. J.
Hortic. Sci. 27(8):918-920.

Siborlabane (2000). Effect of mulching material to produce better yield
and quality of fresh market tomato. Hortic. Sci. 38(4):142-149.

Taber HG, Smith BC (2009). Effect of Red Plastic Mulch on Early
Tomato Production. Department of Horticulture, Ames. Western
Research Farm, Castana.



Taber HG, Gansemer R (2011). Colored Mulch Type Affects Soil
Temperature and Early Tomato Yield.A Systematic Approach.
Department of Horticulture, lowa State University, Ames.

Teasdale JR, Abdul-Baki AA (1995). Soil Temperature and Tomato
Growth Associated with Black Polyethylene and Hairy Vetch
Mulches. J. Am. Soc. Hortic. Sci. 120(5):848-853.

USAID (United States Agency for International Development) (2009).
System for Polyhouse Farmers and Consultants. Hyderabad, India.
Wahome PK, Mbewe DN, Rugambisa JI, Shongwe VD (2001). Effects
of Mulching and Different Irrigation Regimes on Growth, Yield and
Quality of Tomato (Lycopersicon esculentum Mill.‘Rodade’). Faculty

of Agriculture, Luyengo Campus, University of Swaziland.

Tegen et al. 11

Wang Q, Klassen W, Evans E, Li Y, Codallo M (2010). Combination of
Organic andPlastic Mulches to Improve the Yield and Quality of
Winter Fresh Market Bell Peppers (Capsicum annuum L.). J. Hortic.
Sci. 45(4):701-706.

Yama R, Amar B, Kalika P (2006). Participatory varietal evaluation of
rainy season tomato under plastic house condition. Nepal Agric. Res.
J. 7:11-15.



