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Abstract

Different soil amendments have varying effects on crop growth, yield and soil
properties. The study evaluated the effect of poultry manure, inorganic ferti-
lizer (NPK), and biochar-based fertilizer (organo-yield) on tomato growth,
yield and post-cropping soil properties. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three replications. Data on
tomato growth and yield were collected and soils were tested before and after
the cropping seasons. Analysis of variance was performed on the data and the
effect of soil amendments on tomato growth and yield was determined. The
effect of soil amendments on post-production soil properties was tested by
comparing soil properties before and after the cropping seasons with published
critical values. Results showed that all amendments increased the growth and
yield of tomato significantly (P < 0.05) compared to the control (without soil
amendments). Plant height was higher in plots applied with soil amendments
as compared to the control, while stem girth was highest in poultry-manured
plots. Poultry manure and organo-yield applied plants exhibited high tomato
fruit number and yield compared to control plots. In terms of soil properties,
poultry manure and organo-yield improved the soil’s physical and chemical
properties. Organo-yield decreased the soil bulk density and increased the pH
from 4.8 to 5.5, while, application of NPK only increased calcium content in the
soil. The findings confirmed that soil amendments applied increased tomato
growth, and yield and also improved soil bulky density and pH.
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1. Introduction

Tomato (Lycopersicon esculentum Mill.) is among the most popular vegetable
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globally grown [1]. The popularity of tomato among consumers is not only be-
cause of its good taste, but also because it contains high levels of vitamin C, ly-
copene, and beta-carotene, which are antioxidants that promote good health [2]
[3]. Indeed, the high demand for tomato makes it a high-value crop that gene-
rates income and provides employment to smallholder farmers [4]. Tomato’s
popularity as a vegetable is also reflected in its high production volumes globally.
The global tomato production in 2016 was 4.9 million hectares, yielding 177 mil-
lion tonnes annually [5]. Africa produces 19.7 million tonnes of tomato on 1.3
million hectares. In Uganda, 38,234 metric tonnes of tomato are produced on
6485 hectares [5] which are spread across the country. The major tomato pro-
duction districts in Uganda include; Kasese, Kabaale, Mbarara, Mbale, Kap-
chorwa, Mubende, Masaka, Mpigi and Wakiso [6].

The national average tomato yield in Uganda stands at 5.9 t-ha™, but this va-
ries among production areas with some having as low as 0.6 tha™ [5] [6]. In-
deed, the national tomato yield in Uganda of 5.9 tha™' is still far below com-
pared of other African countries like Egypt whose average yield is 39 t-ha™ [5].
The low tomato yield in Uganda is attributed to a number of constraints which
include poor varieties, drought, pests and diseases [7], as well as low soil fertility
[8]. The low soil fertility reduces tomato yield by 40%, which greatly affects to-
mato productivity in Uganda. The decline in soil fertility in most tomato pro-
duction areas in Uganda is attributed to low nutrient inputs relative to nutrient
exports that go along with harvested tomato fruits and residues [8]. This is ex-
acerbated by the continuous cultivation of land without crop rotation. Such practic-
es deplete soil nutrients hence affecting tomato yields and productivity.

In order to improve tomato yield, farmers use soil inputs such as manure,
crop residues, mulch and inorganic fertilizers, especially NPK. Some farmers
strictly practice organic farming using poultry and cow manure, while others
practice an integrated soil fertility management approach which combines or-
ganic and inorganic fertilizers [9]. Presently, innovative and environmentally
friendly soil amendments such as biochar-based fertilizers are also being used by
a few farmers. Biochar provides nutrients, especially nitrogen [10], and improves
response to water uptake when combined with inorganic fertilizers [11]. Bio-
char-based fertilizer (organo-yield) not only provides nutrients but also im-
proves soil conditions for further production in the subsequent seasons due to
its residual effects. It has been found to be effective on maize in Kenya but its ef-
ficacy on tomato as a soil amendment remains unknown. Although tomato far-
mers currently use biochar-based amendments, poultry manure and NPK to
improve tomato yield, the best option among the three that can provide maximum
yield is not yet defined. Besides, improving tomato yields, the three commonly used
fertilizer options have effects on soil properties whose impacts are also less known.
Hence the need to ascertain the benefits of using soil amendments in tomato pro-
duction. The study assessed the effect of soil amendments on tomato growth,

yield and soil properties.
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2. Materials and Methods
2.1. Study Area

The study was conducted for two seasons (August to December 2017 and March
to July 2018) at the National Crops Resources Research Institute (NaCRRI),
Namulonge, Wakiso district in Uganda. The station is located between 0°32" and
32°37" North and East at an elevation of 1150 m above sea level. It experiences a
bimodal rainfall pattern with an average rainfall of 1270 mm. The minimum and
maximum temperatures of 15.9°C and 28.4°C with Ferrallisol soils covered with

tall grassland vegetation.

2.2. Soil Nutrient Status of the Study Site

Prior to the start of the experiment, soils from the study site where tested in the
laboratory to ascertain their nutrient compositions. Four soil samples were ran-
domly taken (0.0 - 15 cm) from the experimental site. The samples were proper-
ly mixed to make one composite sample which was taken to the laboratory for
routine analysis. Routine analysis was done by the soil and plant analytical la-
boratory of Makerere University following procedures described by Carter [12].
Organic matter (O.M) was determined by Walkley-Black dichromate digestion
method [13] and total soil nitrogen was determined by the Salicylate-hypochlorite
method [14]. Available P was determined by Bray-1 method and colour was de-
veloped in soil extracts using the ascorbic and acid blue colour method [15].
Exchangeable K, Ca and Mg were extracted using ammonium acetate. K was de-
termined on flame photometer and Ca and Mg by EDTA titration. The soil pH
in 0.01 M CaCl, was determined using a pH meter. The soil nutrient composi-

tion is shown in Table 1.

2.3. Tomato Seedling Establishment

Tomato seeds of line MT56 were obtained from Horticulture and Oil palm pro-
gram at NaCRRI. The MT56 line was selected as a test crop for the study due to

Table 1. Nutrient composition of soil amendments used in the experiment.

Soil property Poultry manure Biochar-based
Percent (g/100g) Percent (g/100g)
pH 6.8 6.6
Nitrogen 2.2 4.1
Phosphorus 0.88 2.0
Potassium 1.99 5.2
Calcium 1.42 0.42
Magnesium 0.58 0.24
CN 6.7 4.8
Organic matter 14.3 12.5
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its good attributes of disease resistance and high yield [16]. A raised nursery bed
of 1 x 2 m was prepared where tomato seeds were planted in a mixture of forest
soil and sand mixed in a ratio of 3:1. Tomato seeds were sown at 1 - 2 cm deep
and spaced 5 x 10 cm between plants and rows. The seeds were lightly covered
with fine-sand and mulched with banana leaves. The nursery bed was watered
twice (morning and evening) a day to ensure sufficient moisture for seed germi-
nation. The mulch was removed on germination to allow proper seedling estab-
lishment. Cypermethrin at a rate of 1.5 ml/L was used to control insect pests.
Similarly, Mancozeb (80 WP) was applied at a rate of 2.5 g/L to control common
fungal diseases like dumping off. The seedlings were thinned and harden to

adapt to field conditions before being transplanted into the main field.

2.4. Field Experiment Establishment and Crop Maintenance

Land meant for the trial was cleared using herbicide Agrosate (Glyphosate as the
active ingredient) which was applied at a rate of 10 ml/L followed by primary
and secondary tillage. Harrowing was done to make a fine seed bed. The land
was then marked into 3 x 3 m plots. NPK 17:7:17 fertilizers were obtained from
agro-input dealers in Kampala and decomposed poultry manure was collected
locally from poultry units on farms. The organo-yield biochar was acquired from
organo-yield Uganda limited. To ascertain the levels of nutrients in the soil
amendments, samples were taken from poultry manure and organo-yield for
analysis. Previous laboratory procedures used to analyze soil was used for nu-
trient analysis. Nutrient analysis for NPK was not done because its nutrient con-
tent was already known from the manufacturer’s formulation.

Healthy, vigorous and uniform in size tomato seedlings were selected and
transplanted from the nursery to the main field, 21 days after sowing. Trans-
planting was done in the evening to avoid transplanting shock. A seedling was
planted per hole in a 3 x 3 m plot at a spacing of 60 x 60 cm to attain a planting
density of 25 plants per plot. The seedlings were immediately watered after
transplanting and all plots were mulched to conserve moisture within the soil.
The experiment was laid in a Complete Randomized Block Design (CRBD) with
four treatments, replicated three times. The treatments were; poultry manure,
NPK 17:17:17, organo-yield fertilizer and a control. The treatments which con-
stituted the soil amendments (poultry manure, NPK and organo-yield) were ap-
plied within the planting hole at a rate of 1.25 kg per plot.

Hand weeding was done twice, at the plant establishment stage and at flower-
ing stage, pruning of some leaves and emerging twigs were among the mana-
gerial activities which were done during the cropping season. Mancozeb (80%
WP) was sprayed at rate of 2.5g/L at an interval of two weeks to control late
blight (Phytophthora infestans) and other fungal related diseases. Furthermore,
scouting for pests attacks was done every after a fortnight and spraying of cy-
permethrin at a rate of 1.2 ml/L was done when scouting results shown pest in-

festation above the threshold.
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2.5. Data Collection and Analysis

During growth, 20 plants from each plot were randomly selected and tagged
from which all the required data was collected. Data on plant height (cm), num-
ber of branches and leaves per plant as well as stem girth was collected from
tagged plants at 20, 40 and 60 days after transplanting. Plant height was meas-
ured in centimeters using a tape measure with the zero cm end placed at the soil
level and measurements taken at the tip of the plant. Number of branches per
plant was the minor branches from the main stem, which were singly counted
and leaves per plant were obtained by singly counting each leaf on the plant.
Stem girth was measured using a small thread. The thread was placed around the
stem, 2 cm above the soil level, to obtain the circumference and then transferred
to a ruler to read off the measurements. Similarly, during the reproductive and
maturity stages data on flower clusters and fruits was collected. The number of
flower clusters per plant was obtained by counting the number of flower clusters
on each plant and number of fruits for each plant per harvest was obtained by
singly counting the number of fruits harvested. Fruit weight for each plant was
obtained by weighing the fruits harvested per plant using a digital weighing scale.
Three fruit harvests were done at one-week interval and the accumulative harvests
were summed up to get the total yield. The total yield from the 20 plants was
extrapolated to plot basis and finally to per hectare basis. All the data collected
were subjected to analysis of variance (ANOVA) using Genstat software version 11
[17] and results were expressed as mean values. Significances of treatment means
were derived using the least significant difference. On the other hand, the soil
property data collected before and after cropping were compared for all treatments

with critical values to determine effect of the treatments on the soil properties.

3. Results
3.1. Plant Height and Stem Girth

The trend of tomato height under different soil amendments was observed at 20
days interval and for all amendments including the control plant exhibited an
increment in height from transplanting up to the 60" day. However, at 20", 40"
and 60™ day plant height in plots applied with organo-yield, poultry manure and
NPK was significantly (P < 0.05) different from the control (Table 2). Similarly,
stem girth also increased from the day of transplanting up to the 60" day. But at
20™ day stem girth in plots applied with poultry manure was significantly dif-
ferent from the rest of other plots applied with amendments (Table 2). On the
hand at 40™ day stem girth of plants applied with soil amendments was signifi-
cantly (P < 0.05) different from plants in the control plot. At 60 days, plants ap-
plied with poultry manure had significantly (P < 0.05) higher stem girth than the
rest of the treatments (Table 2).

3.2. Number of Branches and Leaves

From the transplanting date, the number of tomato branches and leaves was
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Table 2. Plant height and stem girth of tomato applied with different soil amendments.

Plant height (cm) Stem girth (cm)
Treatment
20 DAT 40DAT 60DAT 20DAT 40DAT 60 DAT

Organo-yield 22.4a 47.9a 53.0a 2.1a 3.4a 3.5a
Poultry manure 22.9a 48.4a 52.9a 2.3b 3.8a 4.7b
NPK 19.2a 44.7a 55.1a 1.7a 3.4a 3.7a
Control 15.5b 31.4b 38.5b 1.6a 2.1b 2.5a
L.S. D5 424 8.61 103 0.5 0.7 1.8

Plant height and stem girth means followed by different letters in a column are signifi-
cantly different and means followed by a similar letter are not significantly different.

monitored and an increase in both was observed (Table 3). This was expected as
the leaves and branches are expected to increase during the vegetative stage.
However, at 20 and 40 DAT the number of leaves in plants applied with poultry
manure and NPK were significantly (P < 0.05) higher than that of organo-yield
and the control. But at 60 DAT all plants applied with different soil amendments
had significantly high number of branches than the control (Table 3). On the
other hand, the number of leaves also varied after transplanting, at 20 DAT
plants applied with organo-yield and poultry manure had significantly high
number of leaves than control and NPK. Whereas at 40 and 60 DAT all plants in

soil amendment applied plots had significantly more leaves than the control

3.3. Effects of Soil Amendments on Tomato Fruits and Yield

The number of fruits per tomato plant and yield where significantly (P < 0.05)
influenced by season and soil amendments applied (Table 4). The number of
tomato fruits per plant observed in season 2018B was two folds higher than in
season 2017A. During 2017A season plots applied with poultry manure and
NPK produced the highest number of tomato fruits while plots applied with or-
gano-yield and the control produced the least number of fruits per plant (Table
4). On the other hand, in 2018A, the highest and the lowest number of tomato
fruits were recorded in plots applied with organo-yield and the control respec-
tively. However, for either season, the number of fruits observed in plots applied
with poultry manure and NPK did not vary significantly. Furtherstill, a signifi-
cant interaction between soil amendments and seasons were observed which in-
dicated that the soil amendments and seasons interacted to influence number of
tomato fruits produced per plant.

The results further showed that tomato yield was significantly (P < 0.05) in-
fluenced by season and soil amendments applied. Tomato yield realized in
2018A was twice higher than in 2017B (Table 4). In 2017B, plots applied with
poultry manure and NPK produced equally high yield which was significantly
different from yield obtained from the organo-yield and control applied plots.
On the contrary, in 2018A, plots applied with organo-yield produced the highest
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Table 3. Number of branches and leaves of tomato applied with different soil amend-

ments.
Number of branches Number of leaves
Treatment
20 DAT 40DAT 60DAT 20DAT 40DAT 60 DAT

Organo-yield 3.4a 6.2a 9.4a 9.2a 20.4a 22.9a
Poultry manure 4.4b 8.7b 10.1a 10.0a 22.4a 29.9a
NPK 4.0b 9.8b 11.2a 7.4b 24.6a 27.9a
Control 1.3a 2.7a 2.9b 6.4b 9.3b 9.9b
L.S. D5, 2.1 4.1 5.6 2.45 8.6 182

Number of branches and leaves followed by different letters in a column are significantly
different and means followed by a similar letter are not significantly different.

Table 4. The number of fruits per plant and yield of tomato applied with different soil
amendments.

Number of fruits/plant Yield kg-ha™
Treatments
Season 2017B  Season 2018A  Season 2017B  Season 2018A

Organo-yield 5.77a 24.77a 636a 2981a
Poultry 10.03b 19.93b 1189b 2320b
NPK 11.33b 19.90b 1270b 2181b
Control 4.20a 8.63c 418a 837¢
Mean yield 7.83 18.30 898 2080

Number of fruits and yield means followed by different letters in a column are signifi-
cantly different and means followed by a similar letter are not significantly different.

yield followed by poultry manure, NPK and the lowest yield was obtained from
the control plots (Table 4).

3.4. Effects of the Soil Inputs on Post Cropping Soil Properties

Before conducting the experiment, the nutrient status of soil was determined
and observations were made at the end of experiment to ascertain any changes
in soil properties that might have arose due to soil amendment application. The
application of organo-yield and poultry manure led to greater and marginal im-
provement in soil pH, respectively. Similarly, application of organo-yield im-
proved organic content above the critical level while in plots where NPK was ap-
plied no change in organic carbon was observed (Table 5). The results also in-
dicated that application of organo-yield and poultry manure greatly and margi-
nally reduced the bulk density at the end of the cropping season while in plots
where NPK was applied the bulk density did not change (Table 5). Before ap-
plication of the soil amendments nitrogen levels in the soil were below the criti-
cal levels, but application of organ-yield greatly raised the N levels above the
critical level at the end of the cropping season. Also, application of organo-yield

greatly improved levels of phosphorus and potassium in the soil whereas poultry
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Table 5. The soil composition before and after application of soil amendments.

Soil nutrient Soil nutrient levels after different Critical

level before amendment application values
Soil property

amendment  Groang Poultry NPK

application yield manure
pH 4.8 5.5 4.97%* 4.7* 55-6.5
Organic carbon% 2.8 3.0 2.9%* 2.6* >3.0
Bulky density (g-cm™) 1.39 L1170 1.23** 1.39% <1.40
Nitrogen (%) 0.17 121+ 0.26** 0.17* >0.25
Phosphorus (mg/kg) 2.4 3,74+ 2.45%* 2.12* >1.5
Potassium (cmol-kg™) 0.19 2.63%%* 0.21%* 0.19* 2.0
Calcium (cmol-kg™) 2.26 2.68%* 2.77%* 2.99%¢% >4.0
Magnesium (cmol-kg™) 2.72 2.9%* 3.22%%% 2.70% 20.5

*** Great improvement; **Marginal improvement; *No improvement.

manure and NPK did not improve P and K levels above the critical levels at the
end of the cropping season. Furthermore, application of NPK greatly improved
calcium content though at the end of cropping season it was still below the criti-
cal level. Although at the beginning of the cropping season, there was sufficient
magnesium in the soil but application of organo-yield and poultry manure mar-
ginally and greatly improved its content, respectively. However, in plots applied
with NPK no improvement in magnesium content was observed. Application of
poultry and organo-yield improved soil properties significantly (P < 0.05) as
compared to NPK use.

4. Discussion

Throughout the 60 DAT plant height was influenced by soil amendments made
through fertilizer application. The fertilizers applied promoted plant height
through supplying nutrients required for tomato growth compared to tomato
plants in control plots which lacked the nutrients. The results indicated that the
nutrients contained in the fertilizer where utilized by tomato plant to promote
growth height, resulting in significant increase in plant height. This was in
agreement with earlier findings by [18] who reported that soil amendments ap-
plied in different forms of fertilizer increased tomato height in the first sixty days
after transplanting. Similarly, stem girth was influenced by poultry manure ap-
plication at 20 and 60 DAT. Unlike other amendments, the positive effect of
poultry manure on stem girth at 20 DAT was attributed to faster decomposition
and mineralization of poultry manure which possibly released the nutrients re-
quired by tomato plant in comparison with other soil amendments that were
tested.

The number of tomato branches and leaves were positively influenced by soil

amendments. The soil amendments used in this experiment such as NPK and
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poultry manure contain nutrients that are known to enhance vegetative growth
[19]. According to [20] nutrients in poultry manure led to high vegetative
growth in tomato compared to plants which never received the manure. The
findings from this study did not differ from what earlier researchers have re-
ported. But, the negative influence of organo-yield to branching of tomato at 20
and 40 DAT could be explained by [21] findings who reported that limitation of
nitrogen supply by organic fertilizers such as biochar during early growth
might delay its response to plant growth. However, the negative effect of NPK
on number of leaves at 20 DAT could not be explained by the results from
this study.

The variation in number of fruits per plant and tomato yield observed was
probably attributed to differences in nutrient release of the soil amendments ap-
plied. In 2017B, soil nutrients from slow releasing amendments might have not
readily available for uptake by tomato plant. The growth cycle of only three
months did not provide ample time for decomposition and mineralization of soil
amendments to release the required nutrients for plant uptake, hence compro-
mising the yield registered during 2017B. This is further confirmed by the low
yield of organo-yield during 2017B and high yield for faster nutrient releasing
amendments like poultry manure and NPK. This clearly indicated that the rate
of nutrient release and uptake was responsible for the variation in fruits and
yield observed in the two seasons.

Furthermore, in terms of season the number of fruits and tomato yield ob-
tained from plots applied with organo-yield was lower compared to other
amendments applied. Although earlier studies by [22] indicated the critical role
biochar plays in improving soil physical properties but its high C:N slows the
mineralization and decomposition process of organo-yield which in turn slows
nutrient release. This is reflected in the yield results of 2017B of organo-yield
when compared to other amendments used but due to cumulative effect, in
2018A it contributed the highest yield compared to other amendments applied.
This further indicates that organo-yield has residual effect of which proceeding
crops may benefit from in case it’s used for tomato production for more than
one season.

The soil amendments applied poultry manure and organo-yield contributed
the highest number of fruits and yield in 2017B and 2018A respectively while the
control contributed the least number of fruits and yield. This was as a result of
available macro and micro nutrients (Table 1) contained in poultry manure
which contribute to fruit formation. On the other hand, organo-yield biochar
has particles with large internal surface area and pores which retain soil moisture
and nutrients making them available for uptake by the plant hence, organo-yield
had the capacity to contribute to increased fruit number. Since the number of
fruits per plant is one of the tomato yield components its increment due to nu-
trients availed by applying organo-yield led to the high tomato yield recorded

when compared to the control which lacked the required nutrients. This was in
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agreement with results reported by [23] which indicated that a positive effect of
poultry manure on tomato yield compared to the control.

Poultry manure and NPK had the same effect on the number of fruits per
plant and yield. This was attributed to the fact that with exception of micro nu-
trients, poultry manure provided readily available and similar nutrients like that
of NPK for uptake by tomato plants. This is because of the fast decomposition
and release of nutrients in poultry manure and the readily available NPK nu-
trients as compared to the organo-yield whose nutrient release is slow. Similar
observations were reported by [19] [24] in their studies about response of toma-
toes to organic and inorganic fertilizers in which poultry manure and NPK had
similar effect with NPK on tomato yield. This observation also agrees with [25],
[26] [27] who observed the same effect of NPK and poultry manure in their stu-
dies. They noted significant fruit yield increase arising from application of the
two soil amendments which clearly demonstrated the benefit of using fertilizers
in tomato production.

Soil amendments of organic origin play a critical role in amending soil prop-
erties. Organo-yield improved soil properties after the cropping season through
reduction in soil bulk density, increased pH and organic matter and availed soil
nutrients (N, P, K, Ca and Mg) for uptake by tomato plants. The increase in or-
ganic matter as a result of the application of poultry manure and organo-yield
possibly contributed to the improvement of soil physical properties through sta-
bilizing soil structure thereby reducing soil bulk density, increasing porosity, and
infiltration rate and water retention. These favorable soil physical conditions
adduced the high tomato yield observed in plots applied with poultry manure
and organo-yield. Similarly, findings have been earlier reported by [23] [28]
[29]. Furthermore, reduced soil bulk density by organo-yield probably enhanced
root growth and better water and nutrient uptake contributing to high tomato
yield. Similar findings were previously reported by [22] when undertaking stu-

dies related to biochar.

5. Conclusion

The soil amendments applied positively influenced tomato growth, yield and
post-cropping soil properties. Application of poultry manure and organo-yield
improved the physical and chemical soil properties which led to increased
tomato yield. Based on the results from the study, poultry manure and orga-
no-yield can be recommended to farmers to improve tomato yields in Ugan-
da.
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