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Abstract

A field experiment was carried out in Hurungwe district to determine the effects of organic enriched basal
fertilizer (Compound C) on productivity of tomato (Lycopersicon esculentum). The experiment was laid out
using a Randomized Complete Block Design (RCBD) with three treatments and three replicates. There were
three blocks and the blocking factor was slope. The treatments comprise of (Compound C) organic enriched
fertilizer, (Compound C) chemical/inorganic enriched fertilizer and a control were no basal fertilizer was
applied. Parameters evaluated include days to flowering and physiological maturity of tomatoes, number of fruits
per plant, yield per hectare, shelf life of the produce and finally marketable yield. The data was analyzed using
SPSS 17 and T-tests were used to compare the means. The results showed that there was a significant difference
(P<0.05) in yield and shelf life from organic enriched fertilizer in comparison to chemical fertilizer. However
chemical fertilizer recorded the highest yield of 37.3t ha™', whilst organic fertilizer recorded the highest number
(9.2) of days before perishability of tomatoes. Treatments with no fertilizer recorded the lowest yield of 12.9t ha’
!, but there was no significant difference (P=0.068) in shelf life between no fertilizer and chemical treatments.
There was also a significant difference (P<0.05) in days to 50% flowering, number of fruits per plant and
marketable yield of tomatoes across the three treatments. From the results of the study, it can be concluded that
organic enriched fertilizer can also be used for tomato production as there was a significant increase in yield and
shelf life of tomatoes and hence are suitable for long distance markets. It can therefore be recommended that
further research should be conducted to investigate the optimum rates of application of organic enriched fertilizer
that produce higher yields than inorganic fertilizers.
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1.0 Introduction

Tomato is one of the important vegetables acting as the best income generating crops in Zimbabwe accounting
for 10% of the gross domestic product (GDP) (FAO, 2011). Commercially it is equally of great importance, from
processing to fresh market and from beefsteak to grape tomatoes (Zahedi et al., 2012). The variety and
usefulness of the fruit is virtually boundless. Most grandmothers as well as some parents are sending their
grandchildren to school with income from tomato produce in their small gardens and they are also earning a
living from the nutritional gardens introduced in communal areas for the most disadvantaged families by many
non-governmental organisations (NGOs) like Lead Trust and Goal (Community Technology Development
Association (CTDA), 2012).

Tomato is a significant nutritional source of lycopene, which is a powerful antioxidant that acts as an
anti-carcinogen and provides vitamins and minerals (Clinton, 1988; Bhowmik et al., 2012). One medium ripe
tomato (145g) can provide up to 40% of the recommended daily allowance of vitamin C and 20% of vitamin A.
It also contributes B vitamins, potassium, iron and calcium to the diet and also reduces risk of heart diseases,
lower cholesterol and neutralizes free radicals (Spooner, 2007).

The fruit has now become a staple item of the kitchen throughout the world and has largest impact as
Zimbabweans enjoyed over 1.8 million tonnes of tomatoes each year (CTDA, 2012). Both determinate and
indeterminate varieties are grown in the country but the most commercial varieties are determinate while
smallholder farmers’ varieties are indeterminate (Dobson et al., 2001). These determinate types have a defined
period of flowering and fruit development. Greenhouse tomatoes are indeterminate which means that they
produce flowers and fruit throughout the life of the plant (Feldman, 1975). Tomato is considered a tender warm
season crop (Navazio, 2012), but is actually a perennial plant although it is cultivated as annual in Zimbabwe
(Wright, 2001). Tomatoes are best grown in well drained fertile sandy loamy soils with a pH range of 5.0-6.5
(Asiegbu and Uzo, 1983) and are sensitive to frost (Whitmore, 2000). Most cultivated tomatoes require 75days
from transplanting to first harvest (Dias et al. 2006a) and can be harvested for several weeks before production
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declines. High or low temperatures have negative effects on fruit set and quality. Tomatoes are self-pollinating
plants and are effectively pollinated by wind currents (Agritex farm management handbook, 2011).

In Zimbabwe the major limiting factor to high productivity is high cost of chemical fertilizers among
other contributing factors such as lack of adequate technical know-how (AGRITEX, 2010). Some farmers,
especially small scale and communal farmers tend to spread the little fertilizers they have on large areas or do
cropping without any fertilization due to lack of finance and high purchasing costs (AGRITEX, 2012). The use
of inorganic fertilizers started long back in history and is known to produce good results and it was promoted by
industrialization which caused complete eradication of organic manures. As a result of high costs and
environmental hazards posed by use of inorganic fertilizers (Hussein, 2000) there is mass campaign of
launching back to use of our crop culture to organic world since many trials done using different sources of
tomato nutrition can sustain tomato production with similar results to inorganically fertilized crops (Gardener,
1968).

Organic enriched blends are now produced by one of the agrochemical companies in Zimbabwe with
the aim of combating negative effects of chemical fertilizers such as soil acidity and at the same time providing
adequate crop nutrition at affordable cheaper prizes to poor resource farmers (Nico-orgo, 2013). Many blends
have been produced for major field crops like maize, cotton and tobacco. The organic enriched blend for tobacco
also caters for horticultural crops including tomatoes. In Hurungwe these blends were introduced to farmers in
the 2012-2013 season yielding different positive and negative results according to farmers’ perceptions. The
research was aimed at investigating effect of organic enriched fertilizer with same chemical composition to
inorganic Compound C as a basal fertilizer on tomato productivity.

Farmers in Hurungwe district have been growing tomatoes for many years but realizing low yields of
about 12-15t/ha. Smallholder farmers used to grow the crop without use of any fertilizers due to lack of income
or use kraal and poultry manures as a substitute with unknown chemical composition, which require bulk
applications (25-50tonnes/ha) and sometimes are unavailable due to the unavailability of livestock (Gardener,
1968). Organic enriched fertilizers are cheaper and are applied at a recommended rate of 600kg/ha while
inorganic chemical fertilizers are more expensive and they are applied at a recommended rate of 1000-1500kg/ha
depending on the soil condition (ZFC, 2013). The organic enriched fertilizers have thus the potential of offering
nutritional benefits (Masarirambi, 2010), reduce the escalating effects of diseases, boost immunity and increase
farm income (Vernon, 1999).

2.0 Materials and methods

The study was carried out in ward five of Hurungwe District in Mashonaland West Province. The area falls
under the agro-ecological region 2a characterized by mean annual rainfall of 750-1000mm per annum and
temperatures of 15-29°C. Frost occurrence is common in June and July in the low lying areas and the area is cool
with occasional steady winds. Sunshine hours range from 6.0-9.5 and high humidity occurrence is prevalent in
February and low in October (Surveyor General, 1995). The altitude of the study area is at 1200m above sea
level and the area has a savanna type of woodland. The soils are pale brownish loamy sands with a pH of 6.0
(Surveyor General, 1995).

2.1 Research design

The trial was carried out in a Randomized Complete Block Design (RCBD) with three treatments and three
replicates. The area was divided into 3 blocks along the gradient with gradient as the blocking factor and the
plots were divided at right angles to the gradient, so that the plots within each block experience the same fertility.
The experimental plots were 27 in total and each block has a total of 9 experimental plots, and treatments were
allocated according to a different set of random numbers. The treatments composed of organic enriched
compound C fertilizer, inorganic compound C (chemical) fertilizer for basal dressing and lastly the control
where no fertilizer was applied.

2.2 Land preparation

The land was cultivated to a fine seedbed. After preparing beds and planting stations basal dressing was done per
planting station at a rate of 1250kg/ha using inorganic compound C chemical fertilizer and 600kg/ha using
compound C organic enriched fertilizer and slightly closed with soil to avoid fertilizer burn to the crop.

2.3 Transplanting

The Rodade tomato (Lycopersicon esculentum Mill) variety was raised for six weeks on the seedbed and then
transplanted at a spacing of 90cmx30cm. Seedlings measuring between 15 and 25cm tall were transplanted after
the hardening process. Watering of plants was conducted two hours before transplanting for easy pulling and the
seedbeds were watered to field capacity to link with residual moisture 6 hours before transplanting. Actual
transplanting was carried out in the late afternoon to avoid transplanting stress (Mayana and Musiiwa, 1999).
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Watering was carried out twice per week and removal of weeds was carried out mechanically whenever weeds
were prevalent. Use of hoes was carried out to improve soil aeration and drainage a month after transplanting.

Trellising was carried out before flowering of tomatoes with plain wire and debarked poles at ends of
experimental plots to facilitate high proportions of marketable fruits and reduce sunburn and rotting. Removal of
side shoots was also carried out a week after start of flowering to encourage high rate of fruiting at the expense
of vegetative phase and application of fungicidal spray of copper oxychloride was done as a preventive spray
(Mukwirimba, 2000). Routine sprays of copper-oxchloride and rogor (dimethoate) were carried out for the pests
and diseases identified respectively. Top dressing was done using ammonium nitrate (NH;NO,) at a rate of
100kg/ha at first flowering.

2.4 Data collection and analysis
Number of days to germination, flowering and physiological maturity of tomatoes were recorded. After
harvesting, weight of produce was carried out using a graduated scale and recorded. This was done separately for
each treatment and replicate. The marketable yield and days before perishability from different treatments was
recorded as well. A sample of hundred tomatoes fruits was taken per treatment from the net plot and kept at
room temperature and number of days before perishability was recorded. The percentage marketable yield after
harvesting and grading was used as a measure of produce quality per treatment as it is a qualitative measure
rather than quantitative one.

The data was also subjected to a two factor ANOVA with replication using SPSS 17. The two factors
which were considered are treatments and blocks. Statistically pair wise comparisons carried using a T-test when
significant differences appeared in the ANOVA.

3.0 Results

3.1 Effects of fertilizer treatment on days to 50% flowering of tomatoes

There was a significant difference (P<0.05) in days to 50% flowering of tomatoes. However highest number of
days to flowering of (81) were obtained in organic fertilizer, while chemical fertilizer took (78.6) days. The
lowest number of days to flowering of (74.6) was obtained in unfertilized treatment (Table 1). The pair-wise
comparison of days to 50% flowering of tomatoes between organic and chemical treatments showed a significant
difference in number of days to 50% flowering across the three treatments.

3.2 Effects of fertilizer treatment on number of fruits per plant

The pairwise comparison across the three treatments showed a significant difference (P=0.000) in number of
fruits per plant. However highest number (17) of fruits were obtained in chemical fertilizer, while organic
fertilizer recorded (13) fruits per plant. The lowest number (8) of fruits per plant was obtained in unfertilized
treatment (Table 1).

3.3 Effects of fertilizer treatment on days to physiological maturity of tomatoes

The pairwise comparisons showed a significant difference (P=0.000) in number of days to physiological
maturity of tomatoes across all the three treatments. However organic fertilizer recorded the highest number of
days to physiological maturity of (129.6), while chemical recorded (128.3) days. The lowest number of days to
physiological maturity of tomatoes (125.3) was recorded on unfertilized treatment (Table 1).

3.4 Effects of organic, chemical and no fertilizer treatment on yield of tomatoes in t ha™

Pairwise comparison of yields indicated a significant difference between organic and chemical while chemical
and unfertilized also were significantly different. There was also a significant difference at P<0.05 between
organic and no fertilizer treatment. There was a significant difference (P<0.05) in yield of tomatoes. However
highest yield of (37.300t ha™') was obtained in chemical fertilizer, while organic treatment recorded yield of
(32.888t ha'l). The lowest yield of 12.900t ha™! was recorded in unfertilized treatment (Table 1).

3.5 Effects of fertilizer treatment on shelf life of tomatoes (days before perishability)

There was a significant difference (P=0.000) in number of days before perishability of tomatoes. However
organic recorded the highest number of (9.2) days before perishability, while no fertilizer recorded (8.0) days.
The least number of days before perishability of (7.1) was recorded in chemical fertilizer treatment (Table 1).
However the pair wise fertilizer showed no significant (P=0.068) between chemical and unfertilized treatment.

3.6 Effects of fertilizer treatment on marketable yield of tomatoes in t ha™

Comparison of marketable yield between organic and chemical showed a significant difference across all the
treatments. There was a significance difference (P<0.05) in marketable yield of tomatoes. The highest
marketable yield of (29.96 t ha™') was obtained in chemical fertilizer, while organic achieved marketable yield of
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(2795t ha'l). The lowest marketable yield (10.66 t ha'l) was recorded in the control (Table 1).

Table 1: Effects of fertilizer treatment on number days to 50% flowering of tomatoes, number of fruits per plant,
number of days to physiological maturity, yield in t ha, marketable yield and shelf life.

Treatment Number of days | Number of fruits | Number of | Yield | Shelf life | Marketable
to 50% | per plant days to | in t/ha | of yield t/ha
flowering of physiological tomatoes
tomatoes maturity

Organic 81° 13 129.6° 32.89° [9.2° 27.95°

Chemical 78.6° 17° 128.3° 37.30° | 7.1° 29.96°

No fertilizer 74.6° 8’ 125.3% 12.90* | 8.0° 10.66

P. value 0.000 0.00 0.00 0.00 0.00 0.00

Numbers followed by different letters within the column are significantly different at 95% level of significance.

4.0 Discussion

4.1 Effects of fertilizer treatment on days to 50% flowering of tomatoes

According to the findings of the study, there was a significant difference in days to flowering were by organic
enriched fertilizer recorded more days to flowering, followed by chemical and lastly the control. This was a
result of longer period of exposure to nutrients offered by organic enriched treatment (Handreck and Black,
2002; Dede et al., 2000) in comparison to chemical fertilizers that leach easily (Owens and Johnson, 1996) or get
used by plants instantly hence deplete fast (Masarirambi, 2010). The results are in line with research done by
Fenner and Davison (1980), which indicated that organic fertilizers give plants exposure to nutrients for a longer
period of time with adequate moisture and tend to have longer growing season unlike plants depleted of nutrients
that tend to compensate through reproduction. This also coincides with the comments of farmers highlighted in
the Zimbabwe farmer, (2013) that tomatoes from organic produce take more days to flowering with a lustrous
green vegetative phase throughout their production cycle compared to chemical treatments.

4.2 Effects of fertilizer treatment on number of fruits per plant
From the results of the study, a significant difference was noted in number of fruits per plant, with more fruits
for chemical fertilizer, followed by organic and lastly the control. However organic enriched input had the
highest weight per fruit, followed by chemical and lastly the control. The results supported Nico-orgo, (2013)
findings that the organic enriched fertilizer maintain constant compound decline with increase in fruit size when
the same tomato cultivar is grown. This was similar to the work done by Heuvelink, (2005) were organic
fertilizer recorded less fruits compared to chemical fertilizer but with a corresponding increase in fruit size. The
decrease in number of fruits for organic enriched fertilizer compared to chemical fertilizer could have been
contributed by their slow release mechanism (Murphree, 1990). The increase in fruit size could also have been
attributed to an increase in time to physiological maturity, hence accumulation of more starch in terms of solids
(Baldet et al., 2006; Ho and Hewitt, 1986; Mounet et al., 2009; Wang et al., 2009a).

The few fruits realized in the control treatment could be due to inadequate nutrition for reproduction as
tomatoes are heavy feeders that require primary nutrients in higher amounts, secondary nutrients in small
amounts as well as micro nutrients in their production (Jones, 1999; Amans et al., 2011).

4.3 Effects of fertilizer treatment on days to physiological maturity of tomatoes

There was a significant difference in days to physiological maturity of tomatoes across the three treatments, with
organic enriched fertilizer recording a longer period to maturity, followed by chemical and the control
respectively. This is so because plants tend to respond differently when exposed to different fertilizer treatment.
Organic enriched fertilizers provide nutrients in synchrony to plant requirements for a longer period and thus
enhancing long term soil fertility (Minhas and Sood, 1994; Berger et al, 2013; Hinds et al, 2013), at the same
time increase water retention capacity of the soil (Hussein, 2000; Vengadaramana and Jashothan, 2012). There
is a corresponding longer physiological development period of crop unlike crop which is under moisture stress or
nutrient stress (Gardener, 1968; Sibomana et al., 2013). This is in contrast with work done by Kemble et al,
(2004) were organic fertilizer treatment has short production period compared to chemical fertilizer treatments.

4.4 Effects of fertilizer treatment on yield of tomatoes in t/ha

There was a significant difference in yield of tomatoes across all the treatments. Lower yield for organic
enriched fertilizer compared to chemical fertilizer could have been attributed by the slow release mechanism as
nutrients may not be released as soon as they are required by the crop (Murphree, 1990) or differences in the
time of application and the time required for the mineralization process (Gaskell and Smith, 2007). Chemical
fertilizer on the other hand release nutrients instantly hence immediate improvement to the crop in a few days
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(Feldman, 1975; Trenkel, 2010; ZFC, 2013). The results of this study are in contrast to the results by Xu et al,
(2005) and Caliskan et al., (2014) which obtained higher yields on organically grown leafy vegetables compared
to those grown with chemical fertilizer. The differences in results could be as a result of different method of
application of the organic fertilizer (Masarirambi, 2010). The effects of the organic fertilizers varies and some
studies showed decreased plant yield using organic compared to inorganic fertilizers (Peet et al, 2004) and also
because of the variation in timing of application as well as the application rates (Rosen and Allan, 2007). In
similar studies, the highest yields were achieved with chemical fertilizer and the yields achieved under the
optimized organic fertilization were 99.5% of the chemical fertilized crop (Kochakinezhad et al, 2012). This was
because of the supply of plant-available N from organic fertilizer, resulting from a slow rate of mineralization
(Bationo et al, 2004), which made crop yields in fields treated with organic fertilizer lower than in those treated
with chemical fertilizer (Blatt,1991; Lee, 2010).

However in this study, the yield of organic enriched fertilizer was 2.5 times more than the yield of the
control, hence an improvement in yield. This was because mixtures of the chemical and organic input in the
organic enriched basal fertilizer have synergies which result in superior plant physiological processes hence
better yield performance (Nico-orgo, 2013; Gardener, 1968). The low yields of the control were attributed by
lack of plant nutrients to support both growth and reproduction (Sanchez et al, 1997) unlike the organic enriched
and chemical fertilizers that supplied adequate plant nutrients (Jones, 1999).

4.5 Effects of fertilizer treatment on shelf life (days before perishability) of tomatoes

There was a significant difference in shelf life of organic enriched fertilizer and chemical fertilizer, while the
control and chemical treatment were not significantly different. The control and chemical treatment were not
significantly different as attributed by the fact that the produce from these treatments have more chemical
compounds that have not depleted as the fruit matures unlike in the organic enriched treatments were chemical
compounds decrease as the fruits matures (Nico-orgo, 2013; Heuvelink, 2005). However the organic enriched
treatment showed an improvement in the shelf life of tomatoes hence an increase in actual marketable yield.
Others experiments have also shown that organically produced crops have similar or better quality than
conventionally grown crops (Atland et al, 2000; Treadwell et al, 2007; Zhao et al, 2009). The Zimbabwe farmer,
(2013) reports also highlighted the increase in shelf life of organic enriched fertilizer produce, which is of great
importance as 35% up to even 50% of the harvested yield is lost due to perishability from field to market
(Agritex, 2010; FAO, 2012). Farmers could have harvested high yields from chemical produce, but losses are
realized due to perishability yet more expenses are incurred in purchasing these chemical fertilizers.

4.6 Effects of fertilizer treatment on marketable yield of tomatoes in t/ha

The research findings indicate a significant difference across all the treatments in terms of actual marketable
yield. A higher percentage (85%) was recognized in organic enriched fertilizer followed by 82.5% of the control
and lastly 80% of chemical fertilizer. A 25% decrease in marketable yield for chemical fertilizer was attributed
by losses due to perishability. Some of the tomatoes were discarded at the field as they were not suitable for
marketing due to rots. Organic enriched fertilizer has a longer shelf life and low rate of perishability hence a
corresponding increase in marketable yield. These results concur with the work of Ghanbarian et al, (2008) in
Cucumis melo who found out that organic fertilizers produced higher marketable yields than chemically
fertilized treatment. Other studies on vegetables have also highlighted the production of high yields and
increased nutrient intake when using organic fertilizers (Ouda and Mahadeen, 2008; Ogunlela et al, 2005)

5.0 Conclusions and recommendations

The results of the study showed that chemical fertilizers have higher yields in terms of the quantity of tomatoes
realized but organic enriched fertilizer on the other hand increase yield though lower than chemical treatment but
shown to be the best in increasing tomato shelf life. The control have lower yield and this showed that both
organic enriched fertilizer and chemical fertilizer have an impact of increasing yield of tomatoes as they offer the
required plant nutrients for tomato productivity.

The study also showed that chemical fertilizer had more fruits per plant compared to organic enriched
fertilizer but as number of fruits increase there is a corresponding decrease in fruit size per plant. Organic
fertilizer compensated by increasing fruit size the decrease in number of fruits. Also as tomatoes increase
number of days to physiological maturity in organic treatment, there was also an increase in fruit size hence
productivity. Days to flowering of tomatoes have also shown to have an effect in number of fruits per plant as
shown in organic treatment. Tomatoes that have few days to 50% flowering as shown in chemical treatment
produced more flowers hence more fruits than those with a longer period to 50% flowering. Days to flowering
have shown to have no impact on fruit size. As tomatoes increase in numbers per plant there is also an increase
in yield to be realized compared to a plant with few tomatoes. Chemical fertilizers therefore increase number of
tomato fruits per plant and yield.
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From the results of the study it can be recommended that smallholder farmers should grow tomatoes
using either chemical or organic enriched fertilizer as basal dressing depending on income availability to obtain
high yields. Farmers can grow tomatoes using organic enriched fertilizers, if the produce is for export markets or
meant for distance marketing due to longer shelf life. Further research should be carried out using different
tomato cultivars/varieties to determine effects of organic enriched fertilizers on yield and shelf life of tomatoes.
Various rates of the organic fertilizers should be used to find the optimum rate of the organic enriched fertilizer.
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