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ABSTRACT

An experiment was conducted to study the effects of organic fertilizer on the growth and yield of tomato irrigated with fish effluent and normal
water at the premises of Faculty of Agriculture, University of Abuja, Nigeria. The investigation consisted of two factors which are irrigation
water type, fish effluent, and normal water and poultry manure doses, namely 0 tonnes/ha, 10 tonnes/ha, 20 tonnes/ha, and 30 tonnes/ha. The
8 treatments were replicated thrice and the experiment consists of 24 plots in total. The seedlings were raised in the nursery and transplanted
at 21 days onto aerated pots containing 15 kg of soil mix of different ratios of poultry manure. The fish effluent showed consistent increase in
plant height, number of leafs, leaf area, and number of branches than those irrigated with normal water. The application of 20 tonnes/ha poultry
manure had significant effect on the fat content. The result obtained revealed that tomato responded well to the application of poultry manure

and it may be recommended as adequate for maximum growth and yield of tomato in the study location.
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INTRODUCTION

The Solanaceae family includes the tomato (Lycopersicon
esculentum). It is one of the most important vegetables in many
tropical and subtropical nations, including Nigeria. Tomato
yield output has also remained relatively low due to a number
of other factors, including the use of unimproved local varieties
with low-yielding capacity that is frequently grown in mixtures
and may prevent exploitation of crop productive capacity;
other factors are environmental risks such as drought and the
prevalence of pests and diseases, plant population decline,
including decline in soil fertility, and a variety of other factors.
Nigeria often produces little tomatoes since small-scale farmers
only get minimal yields.!"! Inorganic fertilizers have not aided
intensive agriculture because they exacerbate soil degradation.”!
Loss of natural matter results in the corruption, which causes
causticity in the soil and low crop yields.’) How much organic
matter is in the soil depends on the type of organic material

that is supplied. Root exudates, sloughed-off root nodules, and
roots themselves can all naturally supply organic material to
the soil, as can organic fertilizers like chicken dung®* claimed
that the nutrients in organic manure have a longer residual
effect because they release more gradually and stay in the soil
for a longer period of time. Contrarily, inorganic fertilizer
is readily available to crops and has a high concentration of
nutrients, but its widespread usage in impoverished countries
such as Nigeria is limited by its exorbitant cost.’! There
are approximately 4 million hectares of tomato cultivation
worldwide, of which 63,482 are thought to be cultivated.
According to FAO,®! Nigeria produces about 1.7 million
tonnes annually. However, despite the growing demand for
human consumption, this was still far below demand. Be
that as it may, the majority of the shortages were balanced by
importation. Nevertheless, despite efforts to increase tomato
production in Nigeria, farmers have not achieved optimal
production to meet consumer demand. 170.8 million metric
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tons of tomatoes were produced worldwide in 2017. Tomatoes
contain minerals such as potassium, vitamins, and pro-vitamins
(including pro-vitamin A, vitamin C, folate, and carotene), as
well as secondary metabolites such as flavonoids, lycopene,
polyphenols, and phytosterolst”#! estimated that 100 g of
fresh tomatoes contain more than 46%, 8%, and 3.4% of the
recommended daily intakes of vitamin A (900 UE), vitamin C
(82.5 mg), and potassium (3500 mg), respectively. Effluent
with a higher concentration of nutrients, silt, and hazardous
compounds that are discharged into the environment without
sufficient treatment may have detrimental impacts on the soil
and water quality of the receiving water body. This effluent
may change the qualities of the receiving water body and
s0il.’7 Chemical fertilization is bad for the soil’s fertility and
characteristics, and it may cause heavy metals to build up in
plant tissues, which can hurt the nutritional value and edible
quality of fruits.['!] Crops affected by chemical fertilizer also
have lower carbohydrate quality and lower protein content.
The enormous amount of water utilized in the production
phases of the fish processing industry results in the production
of significant volumes of effluents.l'? This posed a serious
challenge as it would lead to environmental pollution. High
cost and non-availability of inorganic fertilizer coupled with
its attendant effect on soil justifies the use of organic manure
and fish effluent.

Objectives of the Study

The main aim of the study is to determine the effects of

irrigation water type and poultry manure on the growth and

yield of tomato. The specific objectives are to:

i.  Determine the effect of fish effluent as source of irrigation
water and poultry manure on the nutritional qualities of
tomato fruit.

ii. Determine the effect of fish effluent and poultry manure
on the growth and yield of tomato plant.

MATERIALS AND METHODS

Experimental Site

The experiment was carried out on the grounds of the Faculty
of Agriculture, University of Abuja, Nigeria. The faculty is
located in the Northern Guinea Savanna Zone of Nigeria in
Latitudes 9°4°20’N and Longitudes 7°29°28’E, where the
mean annual temperature fluctuates between 24°C and 32°C.
The faculty fish pond’s discharge served as the source of the
fish waste water employed in the experiment.

Source of Seeds
The seeds (U.C.82-B) are obtained from a reputable seed
vendor in Abuja.

Pot Preparation
Before being transferred to the pot, the seeds were grown in
the nursery for 21 days. The experimental field was prepared

by clearing debris, and then, the seedlings are transplanted into
pots containing 15 kg of soil each mixed with different rates
of poultry manure.

Experimental Design

The experiment consists of two factors, namely irrigation
water type and poultry manure. The treatments are (i) poultry
manure of four different rates; 10 tonnes, 20 tonnes, and 30
tonnes and (ii) irrigation water type: fish effluent and normal
type. The treatments are replicated thrice giving a total of 24
plots. Each plot consists of three plants, i.e., three pots, and a
single plant was taken as an experimental unit from each plot.

Agronomic Practices

All agronomic practices are carried out as at when due.
Weeding is done manually by handpicking and occasionally
using hoe to keep the field neat and free from weeds.

Data Collection

The data taken on the growth and development of tomatoes are
plant height, number of leafs, number of fruits, fruit weight,
number of branches, leaf area, moisture content, ash content,
crude fiber, crude protein, fat content, carbohydrates, and
energy value.

Proximate Analysis

The nutritional quality of the tomato was examined for
proximate analysis to determine the ash content, moisture
content, fat content, crude fiber, crude protein, carbohydrate
content, and energy.

Data Analysis

All data collected will be subjected to Analysis of Variance
and significant means will be separated using least significant
differences (LSD) at 5% probability level.

RESULTS

Physiochemical Properties of Experimental Soil,
Poultry Manure, and Fish Effluent

Table 1 shows the chemical analysis of fish effluent, poultry
manure, and physiochemical properties of soil before the
experiment.

Effect of Irrigation Water Type and Poultry

Manure on the Plant Height (cm) of Tomato

The result in Table 2 shows the effect of different irrigation
water and poultry manure rates on the plant height of tomato.
The result indicated that there were no significant differences
between the application of fish effluent and normal water at
4 and 12 at 5% probability level. 10 tonnes/ha application of
poultry manure produced significantly taller tomato plants
compared to other applications. Application of 30 tonnes/
ha produced the shortest tomato plants at 5% probability
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Table 1: Physiochemical analysis of soil and chemical analysis of poultry manure and fish effluent

Soil particle sizes

CEC

E.A
(Cmol/Kg) (Cmol/Kg)

Exchangeable Cations

Aval. P Total n

oM

(g/kg) (g/kg)

pH Elec-cond O.C

Sample

Sand Clay Silt

(%)

Mg

(Cmol/Kg)

Ca

Na
(Cmol/Kg) (Cmol/Kg) (Cmol/Kg)

(g/kg)

(mg/Kg)

(ppm)

(%)
1.68

(%)

92.08 6.24

0.0 16.55

12.61

2.44
Ca

0.39

1.04
Na

80.0 11.97 20.64 43.25 0.42
Elec. 0.C Total P Total N

6.60

Soil

Mg

oM

Cond

(%0)
0.42
0.31

(%)

(%)
2.33
0.034

(o)
2.12

0.052

(%0)
0.953

(%)
0.246
11.42
(mg/l)

(%)

(%)

PPM

1.36
0.

1120 25.29 74708

330

Poultry  6.30

Fish

12

0.012

7.72

Effluent

Table 2: Effect of irrigation water type and poultry
manure on the plant height (cm) and number of leafs
of tomato

Treatment Plant Height (cm) Number of Leafs
4WAT 12WAT 4WAT 12WAT
Irrigation water (I)

Fish effluent 12.94* 61.25* 25.69° 268.50°

Water 10.79* 60.19° 20.442 203.51°
Poultry manure (tonnes/ha) (P)

C 12.10° 57.75* 19.75° 187.11°

10 15.78* 53.31¢ 34.92¢ 228.59®

20 10.92% 60.65* 21.64° 254.99

30 8.77° 61.18 15.96° 273.34
Interaction

IxP NS NS NS NS

According to Least Significant Difference (LSD), values in a column that are
immediately followed by the same letter (s) are not statistically different at the 5%
probability level, WAT: Week after transplanting

level. Application rates for poultry manure at 4WAT differ
significantly while poultry manure application rate is not
significantly at 12WAT at 5% probability level.

Effect of Irrigation Water Type and Poultry

Manure on the Number of Leafs of Tomato

Table 2 shows the effect of irrigation water type and rate of
application of chicken manure on number of tomato leafs.
The results revealed that the number of tomato leafs at 4WAT
was not significantly affected by the use of fish effluent and
regular water as irrigation water because the number of leaves
of the plant irrigated with fish effluent and regular water was
equal. However, fish effluent produced higher number of
leaves of tomato at 12WAT with the mean value of 268.50 at
5% probability level (P <0.05). The effect of poultry manure
application rate on the number of leaves of tomato was also
significant. The result showed that the application of 10 tonnes/
ha of poultry manure produced significantly higher number of
leaves compared to other rates at 4WAT, while there were no
significant differences among other rates at the same period.
Application of 30 tonnes/ha produced a significantly higher
number of tomato plant leafs at 12WAT, with mean value
of 273.34 at the 5% probability level. However, at the 5%
probability level, the application of 0 tonnes/ha produced lower
leafs of tomato plants.

Effect of Irrigation Water Type and Poultry
Manure on the Leaf Area (cm?) of Tomato

Table 3 shows the effect of irrigation water type and poultry
manure application rate on the leaf area of tomato. The result
showed that there was significant difference between pots
irrigated with fish effluent and those irrigated with normal
water as fish effluent produced plants with wider leaves at 4
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and 12WAT compared to normal water with the mean area of
19.46 cm? and 68.89 cm? at 5% probability level (P < 0.05).
However, there were no significant differences between the
application rates of 10 and 20 tonnes/ha at 12WAT, and similarly,
there were no significant differences among the application rates
at 4WAT as they were all equal at the 5% probability level. On
the other hand, the application of poultry manure at a rate of
10 tonnes/ha resulted in significantly wider tomato leaves in
comparison to other application rates at 4 and 12WAT with mean
areas of 25.15 cm? and 73.20 cm?, respectively.

Effect of Irrigation Water Type and Poultry
Manure on the Number of Branches of Tomato

The number of tomato plant branches was affected by irrigation
water and poultry manure rates, as shown in Table 3. At 4WAT,
the number of branches was not significantly affected by the

Table 3: Effect of irrigation water type and poultry
manure on the leaf area (¢cm?) and number of branches
of tomato

Treatment Leaf area (cm?) Number of branches
4WAT  12WAT  4WAT 12WAT
Irrigation water (I)
Fish effluent 19.46* 68.89? 3.70° 11.332
Water 12.75° 49.62° 2.81* 9.28°
Poultry manure (tonnes/ha) (P)
0 13.71° 39.00° 3.222 10.89*
10 25.15° 73.20° 5.032 9.22¢
20 14.61° 68.25° 3.00° 9.69°
30 11.10° 56.17® 2.77° 11.50°
Interaction
IxP NS NS NS NS

According to Least Significant Difference (LSD), values in a column that are
immediately followed by the same letter (s) are not statistically different at the 5%
probability level, WAT: Week after transplanting

irrigation water or poultry manure at 5% probability level.
However, tomato plants irrigated with fish effluent produced
significantly higher number of branch at 12WAT but poultry
manure application rate was not significant.

Effect of Irrigation Water Type and Poultry

Manure on the Number of Fruits of Tomato per
Plant

The number of fruits of tomato as affected by the application of
different irrigation water and poultry manure rates is shown in
Table 4. The result revealed that the application of fish effluent
water significantly affects the number of fruit of tomato per
plant at 10WAT only, as plants irrigated with fish effluent
significantly produced more number of fruits with the mean
value of 2.42 at 5% probability level (P < 0.05). The effect of
application of poultry manure was significant only at 10 and
12 WAT. While application of poultry manure at 10 tonnes/ha
significantly produced higher number of fruits at 10WAT, 30
tonnes/ha, on the other hand, produced significantly lowest
number of fruits. Application of 0 and 20 tonnes/ha was
statistically similar.

Effect of Irrigation Water Type and Poultry

Manure on the Fruit Weight (Kg) of Tomato

Table 4 shows the effect of irrigation water type and poultry
manure application on the weight of tomato fruit. The result
showed that the effect was significant only at 12 WAT with
fish effluent consistently and significantly produced heavier
fruits. Similarly, the application of 20 tonnes/ha of poultry
manure significantly produced heavier tomato fruits (0.43 kg)
at 10WAT while the application of 30 tonnes/ha produced the
lightest fruits (0.21kg) but statistically similar to 0 and 10
tonnes. Application of 10 and 30 tonnes/ha was at par at 12WAT
and significantly produced heavier fruits with the mean weight
of 0.46 kg and 0.59 kg, respectively, while application of 20
tonnes/ha produced the least weight of tomato fruits (0.41 kg)

Table 4: Effect of irrigation water type and poultry manure on the number of fruits and fruit weight of tomato

Treatment Number of fruit Fruit weight (kg)
10WAT 12WAT 14WAT 10WAT 12WAT 14WAT

Irrigation water (1)

Fish effluent 2.42¢ 2.42¢ 2.58¢ 0.41° 0.60? 0.45°

Water 1.69° 2.25% 2.332 0.35* 0.340° 0.51*
Poultry manure (tonnes/ha) (P)

0 2.17% 2.33%® 2.83¢ 0.38% 0.57% 0.53%

10 2.39° 1.83° 1.67 0.49% 0.46 0.24°

20 2.17% 2.00* 3.17° 0.43¢ 0.41° 0.73*

30 1.50° 3.17° 2.17¢ 0.21° 0.59* 0.38%
Interaction

IxP NS NS NS NS NS NS

According to Least Significant Difference (LSD), values in a column that are immediately followed by the same letter (s) are not statistically different at the 5% probability level,

WAT: Week after transplanting
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at 5% probability level. On the other hand, the application
of 20 tonnes/ha significantly produced heavier tomato fruits
(0.73 kg) at 14WAT while there were no significant differences
between application of 0 and 30 tonnes/ha while 10 tonnes/ha
had the least weight of tomato fruits at 5% probability level
(P <0.05).

Effect of Irrigation Water Type and Poultry
Manure on the Fruit Characteristics of Tomato
Table 5 shows the effect of irrigation water type and poultry
manure application on the nutritional qualities of tomato fruit.
The result revealed that there were no significant differences
in the moisture content and crude fiber of plant irrigated with
fish effluent and normal water, while there were significant
differences in the ash content, crude protein, fat content, CHO,
and energy value of plants irrigated with fish effluent compared
to normal water with the mean value of 0.27%, 0.16%, 0.13%
7.06 kg/g, and 31.89 kj/kg, respectively, at 5% probability
level. However, there were no appreciable differences between
tomato plants treated with various rates of poultry manure
application in terms of crude fiber, crude protein, fat content,
or CHO. In contrast, plants treated with 20 tons/ha of poultry
manure produced tomato fruits with a higher energy value
of 31.23 kj/kg than plants treated with other poultry manure
application rates. Different rates of applying poultry manure
had a substantial impact on the ash content of tomato plants.
At the 5% probability level, the application of 10 tonnes/ha
resulted in tomato fruits with a higher ash content (0.29%),
which was statistically equal to 0 tonnes/ha but considerably
higher than 20 and 30 tonnes/ha (P < 0.05).

DISCUSSION

It is possible that the availability of some nutrients in the fish
effluent made available to plants, in the required form for rapid

uptake by the plant roots, is the cause of the consistent increase
in plant height, number of leaves, leaf area, and number of
branches in plants irrigated with fish effluent. When tomatoes
are mulched, irrigation greatly improves performance.!'*! The
presence of nitrogen, phosphorus, and potassium in fish effluent
may be responsible for how well plants perform (growth, yield,
and fruit quality), as well as their crucial roles in physiological
processes such as photosynthetic activity, carbohydrate
transport, protein synthesis, control of ionic balance, stomata
size regulation, and enzyme activation. Similar results were
also reported by El-Dissoky,!"* who suggested that this
outcome may be related to the high phosphorus concentration
of fish effluent, which is a crucial component of the nucleic
acid co-enzyme for cell division. The results are consistent
with earlier reports that organic manure increased soil
nitrogen fertilization as N and P, which play important roles
in promoting the vegetative growth of plants by enhancing cell
division and elongation and also had a significant increase in
the morphological characteristics.!'> The results are in line with
those of Musara and Chitamba'® who found that cucumbers
grown in 20 t/ha manure had more branches per vine. They
attributed this to the manure’s improved moisture availability,
which enhanced the nutrients released during bud initiation
and branch growth. This finding is in line with that of Moez
et al." who discovered that tomato plants grew more quickly
when exposed to poultry manure than when not. However, the
lack of variation in the number of fruits produced at 14WAT
in the application rates of poultry manure can be explained by
the fact that the amount of applied organic manure has little
influence on these features. This finding is consistent with the
findings of Abdulmaliq et a/.!"® who found that soil amendment
had no appreciable impact on the Okra plant’s days till first
blooming. In addition, Blumenthal et al.l'”) revealed that there
is a bad link between the protein and fat levels. Low nitrogen
application enhanced protein and decreased fat.

Table 5: Effect of irrigation water type and poultry manure on the fruit characteristics of tomato

Treatment Proximate analysis
Moisture Ash content (%) Crude Crude Fat content (%) CHO (kg/g) Energy value
content (%) fiber (%) protein (%) (kj/Kg)

Irrigation water (I)

Fish Effluent 92.67° 0.27¢ 0.11# 0.16* 0.132 7.06* 31.89*

Water 92.56* 0.24° 0.10* 0.14° 0.10° 5.97° 26.03°
Poultry manure rates (tonnes/ha) (P)

0 93.37% 0.28® 0.11# 0.15° 0.11# 6.342 27.87°

10 93.59* 0.29* 0.132 0.15° 0.12* 6.25* 28.19°

20 91.22¢ 0.24% 0.122 0.15° 0.11° 6.982 31.232

30 92.30? 0.22¢ 0.07° 0.15° 0.12* 6.49* 28.55°
Interaction

IxP NS NS NS NS NS NS NS

According to Least Significant Difference (LSD), values in a column that are immediately followed by the same letter (s) are not statistically different at the 5% probability level
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CONCLUSION

In general, this study demonstrated the responsiveness of
tomato to different rates of poultry manure and different
irrigation water types. From the above results, we concluded
that irrigation with fish effluent increases the plant height,
number of leaves, leaf area, and number of branches of tomato
fruit compare to the use of normal water for irrigation. It can
be concluded that irrigation with fish effluent is promising for
enhancing the growth, development, and quality of tomato. The
amount of fat changed significantly after 20 t/poultry manure
application. The findings showed that tomato responded
favorably to the addition of poultry manure. Based on the
results of this study, it may be suggested that 20t/ha of poultry
manure is sufficient for a tomato crop to grow and yield as
much as possible in the study area.

RECOMMENDATIONS

It would be unnecessary to pay for fertilizer if nutrient-rich
fish farm wastewater was used in place of inorganic fertilizers.
Tomato production ought to become more affordable as a
result. However, due to issues with inorganic fertilizer, such
as high purchasing costs, scarcity, leaching, volatilization, and
environmental unfriendliness, it is generally not advised as
opposed to organic fertilizer, which is more environmentally
friendly. More so, since there is no distinct significance
difference between the normal water and fish effluent on
irrigation, the use of fish effluent is recommended to reduce
the environmental impact of releasing the effluent although,
more research should be charged toward the analysis of the
effluent before using it to authenticate the result of this research.
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