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Abstract The effect of climate-smart agriculture integrated fertilizer management on growth
and yield indices of three cultivars of watermelon was determined. The results revealed varied
growth and yield indices among the three cultivars of watermelon planted. Charleston grey had
better vegetative growth indices. Among the three cultivars planted Sugar baby produced the
highest number of flowers and fruits. It was observed that the combination of 15t/ha GM +
50kg/ha NPK treatment improved the fertility of sandy loam soil than any single application in
the study area.
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Introduction

Watermelon (Citrullus lanatus Thumb) is of the Cucurbitaceae
(Kyriacou et al., 2018). The crop is considered to have its origin from the
Kalahari Desert region of Africa (Romdhane et al., 2017; Makaepea et al.
2019) and had become the propagating point to other parts of the world (Ali,
2019). It is primarily planted using the seeds and grows well in tropical areas
with plenty of sunlight and a temperature of more than 25 < C for proper
development and growth (Betty et al., 2016; Reetu and Maharishi, 2017). The
authors stated further that watermelon to be the best thrives in relatively acidic
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well drained fertile soil. It is a flowering scrambler and trailer plant which is
regarded as fruit vegetable crop (Adetutu et al., 2015; Betty et al., 2016).

The major edible parts of the consumed crop are the fruits, leaves,
seeds, and rinds. The fruit is widely consumed and appreciated by people of all
ages, and background because of its refreshing ability, attractive color, unique
taste, and high moisture content to quench thirst (Romdhane et al., 2017).
Watermelon fruits are used in preparation of different kinds of foods and
products such as fruit juice, salad, desert snacks, wine and cosmetics. Ali
(2019) stated that according to Vanwky and Grricke the seeds are roasted and
ground into tsamma meal which has pleasant malty taste while Betty et al.
(2016) stated that the rind is chopped, dried, boiled and consumed as food
among Namibians in Africa. In addition to being low in calories, watermelon
fruit is enriched with nutrient elements (Betty et al., 2016; Makaepea et al.,
2019). The watermelon fruits have about 93% water content in addition to
small quantity of vitamins (A, B and C), fat, protein and minerals (Awere and
Onyeacholem, 2014; Olayinka and Etejere, 2018). Research evidence has
indicated that, in addition to oils, seeds from watermelon are excellent source
of protein with essential as well as non-essential amino acids (Kassali et al.,
2015; Bianchi et al., 2018). The seeds contain micro and macro nutrients likes
magnesium, potassium, calcium, and iron, and also about 35%, 50% and
5% respectively for protein, oil and dietary fiber (Adeoye et al., 2009; Kassali
et al., 2015; Romdhane et al., 2017). According to Makaepea et al. (2019) the
edible portions of watermelon help to stabilize blood pressure and potentially
prevent paralysis. Watermelon fruits contain large quantity of lycopene at
maturity. Lycopene is a pigment and anti-oxidant that gives red color to fruits
such as tomatoes and watermelons (llupeju et al., 2015; Betty et al., 2016;
Olayinka and Etejere, 2018). In view of Olayinka, and Etejere (2018) lycopene
assists in handling the risk of certain chronic diseases such as prostate,
pancreas, breast and stomach cancers. Lycopene is an extremely powerful
oxygen radical hunter that prevents coronary heart diseases in human (llupeju
et al., 2015; Olayinka and Etejere, 2018; Makaepea et al., 2019). Watermelon
production assumes a critical position in human nutrition, reducing poverty and
strengthening farmers' socio-economic status. The old and young, sick and
healthy, educated and uneducated enjoy the watermelon fruits of which many
in their leisure time usually eat the pulp, seeds, rind in their offices, homes,
hospitals and market places or recreational parks. The nutritional and medicinal
benefits of watermelon have made its demand higher than supply as it is
common to see the marketers selling the fruits along the major markets, roads
and streets. This demonstrates in agreement with Reetu and Maharishi (2017)
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that the global consumption of watermelon is higher than any other cucurbit
family.

In Nigeria, watermelon production is mostly from the north and
transported to the east where it is majorly marketed and consumed. The
limitation is primarily due to the crop's favorable climatic conditions and
geographic area in northern Nigeria. According to Ali (2019), planting,
vegetative growth, flowering and fruiting are the critical period of watermelon
production. Moreover, with the presence of government agricultural
interventions and extension services in the north, farmers have access to
agricultural inputs such as pesticides to control pest, different varieties of
watermelon seeds to improve growth and yield, synthetic and natural fertilizer
to improve their soil conditions (Ali, 2019). There are different cultivars of
watermelon which influenced the growth and yield of the crops. The cultivars
commonly grown in northern part of Nigeria are Sugar baby, Kolack and
Charleston grey. Sugar baby fruit cultivar is sweeter in taste and smaller in
size; Kolack is moderate in size whereas Charleston grey is characterized with
big size but less sweet in taste (Ali, 2019). In the north, soil fertility is the main
constraint of the crop growth and yield, and farmers rely on inorganic and
organic fertilizers to restore lost nutrients (Eifediyi et al., 2017). In contrary,
both synthetic and natural fertilizers have unique problems when used for crop
production (llupeju et al., 2015; Selim, 2020).

The downside of continuously using synthetic fertilizers can lead to low
yields, it is costly and not within the reach of poor farmers (Eifediyi et al.,
2017). It causes groundwater and food contamination after harvesting, affect
the availability and uptake of nutrients by plants, reduce production and
increases incidences of pest and disease and environmental pollution (Ojo et al.,
2014; Aniekwe and Nwokwu, 2015; Junaidi and Wulandari, 2017; Selim,
2018). The continued reliance on synthetic fertilizers can accompany to
decrease in soil organic matter, increase soil acidity, soil physical properties
degradation and increase erosion due to soil aggregate instability and
greenhouse gas emissions (Adeoluwa and Adeogun, 2010; Selim, 2020).
Inorganic or synthetic fertilizer is costly concerned and the most farmers cannot
afford it (Ali, 2019; Selim, 2020;) especially now that the country is in
economic recession, therefore there is need for the utilization of organic
manure (goat manure) that is readily available, cheap, within the reach of the
farmers and eco-friendly (Ojo et al., 2014; Eifediyi et al., 2017; Selim, 2020).
Organic manure is substances of both plant and animal origin that is added to
the soil to enhance soil fertility and increase crop performance in terms of
growth, yield and nutrition. Organic manure actually raises the number of soil
microbes that defend plants against infectious agents, such as nematodes and
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insects from soil, and it supplies crop hormones such as auxin in plants
(Agbede and Ojeniyi, 2009; Usman, 2015; Shenglan et al., 2020). According to
Wau et al. (2017) and Shenglan et al. (2020) organic manure not only improved
soil structure, texture and fertility, enhanced soil water storage capacity but also
the application can improve the sweetness, hardness, as well as the vitamin
content of crop varieties.

In Northern Nigeria, the benefits of organic manure (goat manure) in
the production of watermelon were not fully realized due to the enormous
quantities needed to meet the nutritional standard of the crop, transport and
handling cost, insufficient knowledge of how to apply correct quantities and the
positive effects of goat manure in the production of the crop. Therefore,
particularly in times of scarcity, to reach the maximum production of
watermelon in the area, at a cheaper cost, combat climate change as well as
reduced greenhouse gases (GHGs) emission from inorganic fertilizer alone.
There is need for effective combination of goat manure (organic manure) and
inorganic fertilizer (NPK) for watermelon production which is a climate smart
agricultural practice (Ali, 2019).

Climate-smart agriculture is any agricultural practices that increase
production sustainably and reduce emissions of GHGs. Climate-smart
agriculture, according to FAO (2010), are agricultural techniques, methods,
practices or instruments that boost productivity and minimize greenhouse gas
(GHG) emissions on a sustainable manner. The International Fertilizer
Association (IFA) (2016) and Alo et al. (2016) confirmed that a key component
of climate-smart agricultural practices is the proper and balanced in using plant
nutrients. These activities contribute to climate change adaptations and
mitigation and improve food security and nutrition. United Republic of
Tanzania (2017), pointed that the techniques and practices of climate smart
agriculture is site-specific based on the farming systems, climatic impacts and
farmers’ livelihood and socio-economic conditions. Neufeldt et al. (2013)
claimed that the potential benefits of food protection, climate smart agricultural
practices increased productivity and efficient use of scars resources. The
authors have argued that agricultural practices which reduced exposure or
susceptibility to climate change that are concerned in climate-smart, improving
farmers' ability to cope with harsh weather conditions and reducing climate
change rates. The authors pointed terracing, mulching, drought-tolerant crops,
higher productivity crops, improved crop management and integrated fertilizer
management as examples of climate-smart agriculture practices that farmers
could use (Neufeldt et al., 2013).

The combination and application of organic and inorganic sources of
nutrients in this study is known as climate-smart integrated fertilizer. Therefore,
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the effective application of both organic (goat manure) and inorganic
(NPK15:15:15) fertilizers in the soil to improve crop growth, yield, reduce
GHGs emission (mitigation) and cope with the impact of climate change is
known as climate-smart integrated fertilizer management. Using a climate-
smart approach of integrated fertilizer in the production of watermelon can lead
to the attainment of SDGs, which include ending poverty in its forms; ending
hunger; achieving food security, improved nutrition, fostering sustainable
agriculture and guaranteeing healthy living and promoting the welfare of all
through access to quality nutrition. The combined use of natural and synthetic
fertilizers are in line with the Integrated Soil Fertility (ISFM) system.
Researchers like Eifediyi et al. (2017); Abera et al. (2018); Zhang et al. (2019)
and Shenglan et al. (2020) who reported that integral use of natural manure and
synthetic fertilizers provide sufficient quantities of nutrients to increase crop
production while mitigating the risk related to chemical fertilizer use alone on
the environment. Organic materials like Pig, poultry and compost manure and
their mixture with mineral fertilizers have been reported to improve the soil
availability of mineral elements like N, P, K, Ca and Mg, growth capacity, and
fruit yield of selected crops (Awosika et al., 2014; Abera et al., 2018; Selim et
al., 2017; Selim, 2020).

However, farmers in south eastern Nigeria, especially in Nsukka
agricultural zone of Enugu state where the fruits are mostly consumed are yet to
start cultivating watermelon as they still belief that the crop can only grow in
the north. The cost and perishable risk are associated with the transportation of
the product from northern to eastern part of the country has increased the
market price at which it is sold to the consumers. This situation has recently
worsened in the area as a single fruit that is sold between seven hundred to nine
hundred naira is now sold for one thousand five hundred naira depending on the
size. However, some farmers during their interaction session with agricultural
extension agents in Nsukka had reported that watermelon seeds germinated in
their farm land with some attending to maturity with average of two to three
fruits per plant stand. This has created the awareness and reduced the popular
notion that watermelon cannot grow in the eastern Nigeria, the farmers are not
sure of the best planting time, yielding variety and eco-friendly fertilizer
requirement for the production. The reason being that the available land for
cultivation of crop in Nsukka is depleted in fertility due to climate change,
continuous cropping, leaching and bush burning. Therefore, the study aimed to
determine the growth and yield parameters of watermelon cultivars planted
with climate-smart integrated fertilizer management in sandy loam soil of
Enugu state, Nigeria.
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Materials and methods
Experimental site and design for the study

The experiment was carried out in the Agricultural Education
Department, University of Nigeria, Nsukka campus. Nsukka as one of the
agricultural zones in Enugu State of south eastern Nigeria lies between
longitude 7° 13™-7°35™ and latitude 6° 43-7° 35 -7°00F (Nzeh et al., 2014).
The study was conducted in the year 2017 raining season starting from the
month of August to October. The study area has temperature range of 27 -30C
while the rainfall distribution is between 1567.1 mm to 1847 mm, with tropical
climate marked by two distinct (dry and wet) seasons. Relative humidity ranges
from 46.7% to 76.2% (Nwachukwu et al., 2021). The study was carried out
using split-plot procedure replicated thrice in RCBD (Randomized Complete
Block Design). The experiment was rain fed. The treatments applied during the
study were six, which include sole and combined application of NKP fertilizers
and goat manure (GM). They were: (i) control (Okg/ha), (if) NPK at 200kg/ha
(iii) GM at 20t/ha, (iv) 5t/ha GM + 150kg/ha NPK (v) 10t/ha GM + 100kg/ha
NPK and (vi) 15t/ha GM + 50kg/ha NPK. Weed species such as
tridaxprocumbes, talinum trangulare, imperata cylindrical and guinea grass are
composed of the site vegetation. Before being cleared by tractor, the
experimental site was under maize cultivation for one year. Eighteen beds each
measuring 1.9m = 3.25m were made in each of the three blocks measuring 3.25
% 69m making it a total of fifty-four beds in all for the study. The total
experimental area was 69m x8.7m (600.3m?). The organic manure (GM) was
applied on each bed two weeks before the seeds were planted and worked 0-5
cm deep in the soil. Three cultivars (Charleston gray, Koalack and Sugar
baby) of watermelon as well as the six fertilizer treatments were the tested
factors. The main plot was formed by the watermelon cultivars, while the
subplot factors were formed by the six fertilizer levels. The three used cultivars
were primarily grown in northern Nigeria. The sugar baby and koalack were
obtained at AgroMolon Enugu while Charleston gray was obtained at Jubaili
Agrotec Ltd, Kano (Ali, 2019).

The seeds of each watermelon cultivar were sown two per hole with
planting space of 75 x90cm. In a plot a total of sixteen seeds were sown. A
week after planting, vacant spaces was supplied. Two weeks after planting, the
seedlings were thinned to one seedling per hole, leaving eight watermelon
stands per plot. For data collection, four stands of each watermelon cultivar
were randomly selected and tagged per plot. The crop population for the
experiment was 432 while the sample for the study was216. Weed control was
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done manually by hand pulling two weeks after planting and repeated at
interval of two weeks. Pest like cucumber bittles were controlled through the
praying of Karate at 40ml/20L of water at interval of 2 weeks after planting
(Hupeju et al., 2015).

Statistical analysis

The parameters were measured including percentage germination of

each variety, number of active leaves and branches per plant by counting
method, stem girth by Vernier caliper, plant height by meter rule, number of
flowers and fruits per plant by counting. The analysis of variance was done on
the collected data following Gomez and Gomez (1984) procedure whereas
differences in the means were compared using the Turkey HSD (Honestly
Significant Difference) test based on the studentized t-distribution. The Turkey
HSD test is robust for multiple comparison of treatment effects as it controls
type one error by taking into account the number of means that are compared
(Gomez and Gomez, 1984; llupeju et al., 2015).
Let F;,i = 1,2,...,m is the marginal mean effect of the i" group and Fj j+i, the
marginal mean of the j™ group. n is the number of replications in a group and
N = nm, the total number of observations in the experiment. The test statistic
for Turkey Honestly significant different test, is expressed as

|Fi—Fjl| N .
_(MSE/n)l/z ty-ni(1)

Where, MSE is the mean of the estimate a
group variances. It is expressed as

m 2

MSE:i=_15i

m
Using eqt (1), different pairs of the fertilizer type (treatment effects) were
compared at 0.05 level of significance and the results are presented in Table 2
and among the parameters considered, test of correlations were done to
determine their interaction effects.

Results
Physiochemical characteristics of the experimental area and GM samples
Before treatment application, samples of the soil from the study site and

GM were collected and analyzed for the physiochemical characteristics using
standard laboratory procedures as seen in Tablel.
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Table 1, Physiochemical characteristics of the research site at (0-30cm) and

GM samples

Parameters Soil test value Manure test value
pH Values

Soil/GM pH (water) 4.5 7.3
Soil/GM pH (KCI) 3.6 7.1
Organic Matter %

Organic carbon 1.43 17.08
Organic matter 2.43 29.44
Total nitrogen 0.20 2.56
Available phosphorus (mg/kg) 11.19 9.81
Exchangeable Bases (me/100g)

K 0.07 -

Mg 1.40 -

Na 0.04 -

Ca 0.60 -
Exchangeable Acidity (me/100g)

Al 0.80 -

H 2.20 -
Cation exchangeable capacity 14.00 -
Textural class (%)

Sand 79 -

Silt 8 -
Clay 13 -
Textural class Sandy loam -

The outcomes of the analysis of soil and GM samples are shown in
Table 1. The goat manure was alkaline while, the soil was found to be slightly
acidic and textual class of sandy loam.

The result showing percentage germination rate of the three cultivars of
watermelon in study area are presented in Figure 1. The Kolack cultivar had the
highest percentage germination rate (35%). This was followed by Sugar baby
with (34%) germination rate, while Charleston grey had the least percentage
germination rate (31%).
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Germination rates of three varities of watermelon

B sugar baby mkolack m charleston grey

Figurel. Percentage germination rates of three cultivars of watermelon in
Nsukka

Result presented variability in the vegetative parameters of watermelon
cultivars in response to fertilizer treatment (Table 2). The number of leaves,
branches, vine length and stem girth were all significantly influenced (P <
0.05) by the watermelon cultivar and treatments applied. The maximum
number of leaves per plant was recorded in Charleston grey (38.46); following
by Koalack (33.17), whereas the lowest number (18.82) of leaves was recorded
in Sugar baby. The combined application of 15t/ha GM + 50kg/ha NPK
produced highest number of leaves (39.97) which was significantly better than
what was observed with other treatments with the exception of 20t/ha GM
treatment that gave (39.03) number of leaves per plant. The control showed the
lowest number (18.79) of leaves followed by 200kg/ha NPK treatment with
39.03 numbers of leaves per plant. The result indicated that 10t/ha GM +
100kg/ha NPK treatment had 31.24 number of leaves whileSt/tha GM +
150kg/ha NPK had 31.01 numbers of leaves per plant. The number of leaves
per plant improved with increasing content of goat manure, among the
treatments that combined NPK fertilizer and goat manure.

The number of branches per plant differed considerably according
watermelon cultivars and fertilizer treatments. Charleston grey cultivar had the
highest (5.06) number of branches per plant followed by Koalack with (3.55)
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branches while sugar baby had the least (2.51) number of branches. However,
the observations made on this parameter were not identical in response to the
applied fertilizer combination. The number of branches per watermelon plant
grown with 15t/ha GM + 50kg/ha NPK (4.79) was the same with the one that
received 20t/ha GM treatment (4.74) which was greater than measured values
for other treatment modalities. The number of branches per plant was 4.03
when 10t/ha GM + 100kg/ha NPK treatment was applied, when 5t/ha GM +
150kg/ha NPK and 200kg/ha NPK treatments were 3.97 and 2.76 respectively.
All the treatment performed better than the control treatment that had only 1.95
numbers of branches per plant.

The vine length was varied between the varieties and the combination of
fertilizers (Table 2). The principal variety effect indicated that Kolack had the
highest vine length (145.68cm) per plant which was 88.16cm and 7.54cm
higher than the length of vine obtained for Sugar baby and Charleston grey
respectively. The length of vine of watermelon fertilized with 15t/ha GM +
50kg/ha NPK (155.74cm) was significantly greater than other fertilizer
treatments. The result showed that the vine length of watermelon grown with
5t/ha GM + 150kg/ha NPK (125.13cm) and 20t/ha GM (125.01cm) treatments
were statistically similar. The result indicated that when 10t/ha GM + 100kg/ha
NPK was applied the watermelon vine length was 112.11 and 98.86cm in
200kg/ha NPK treatment. All the treatments had longer vine length when
compared with the control treatment with vine length (65.82cm). The
Charleston grey cultivar grown with 15t/ha GM + 50kg/ha NPK gave the
highest interactive effect of vine length 192.93cm.

Variations in stem girth and fertilizer combination were significantly
differed with respect to watermelon variety. The most vigorous stem was seen
in Charleston gray (2.39cm), while the least was Sugar baby with (1.62cm).
The use of 15t/ha GM + 50kg/ha NPK gave the highest (2.14cm) stem girth
among the fertilizer compositions which did not differ significantly from 5t/ha
GM + 150kg/ha NPK (2.09), 20t / ha GM (2.08) and 10t/ha GM + 100kg/ha
NPK (2.04) treatments. The result pointed out that all the treatments were
significantly different from the control treatment with (1.6cm) stem girth. The
interaction effect between watermelon cultivar and fertilizer treatment was
recorded highest in Charleston grey treated with 15t/ha GM + 50kg/ha NPK
with (2.73cm) stem girth.
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Table 2. Vegetative growth of three cultivars of watermelon at 8 weeks after
planting as influenced by climate-smart agriculture integrated fertilizer levels

Watermelon varieties

Fertilizer type Sugar baby  Koalack Charleston grey Mean
Number of leaves/plant

15t/haGM + 50kg/ha NPK  19.7 42.6 57.63 39.97a
10t/haGM+100kg/haNPK 17.93 37 38.8 31.24b
5t/haGM + 150kg/ha NPK  26.27 35.43 34.33 32.01b
200kg/ha NPK 16.83 19.2 23.6 19.88c
20t/ha GM 18.93 40.2 57.97 39.03a
Okg/ha 13.3 24.6 18.47 18.79c
Mean 18.82c 33.17b 38.46a

Numberof Branches/plant

15t/ha GM + 50kg/ha NPK 3.1 4.33 6.93 4.79a
10t/haGM+100kg/ha NPK ~ 2.43 4.2 5.47 4.03b
5t/ha GM + 150kg/ha NPK ~ 2.93 3.7 5.27 3.97b
200kg/ha NPK 1.97 2.27 4.03 2.76¢C
20t/ha GM 2.63 4.83 6.77 4.74a
Okg/ha 2.0 1.97 1.87 1.95d
Mean 2.51c 3.55b 5.06a

Length of vine(cm)

15t/ha GM + 50kg/ha NPK  91.27 183.03 192.93 155.74b
10t/haGM+100kg/ha NPK 62.43 142.37 131.53 112.11c
5t/ha GM + 150kg/ha NPK  75.5 151.13 148.77 125.13a
200kg/ha NPK 41.53 122.84 132.21 98.86d
20t/ha GM 52.87 168.63 153.53 125.01a
Okg/ha 21.5 106.1 69.87 65.82¢
Mean 57.52c 145.68a 138.14b

Stem girth (cm)

15t/ha GM +50kg/ha NPK 1.73 1.97 2.73 2.14a
10t/haGM+100kg/ha NPK 1.6 1.92 2.6 2.04a
5t/ha GM + 150kg/ha NPK 1.7 1.95 2.63 2.09a
200kg/ha NPK 1.57 1.63 2.27 1.82b
20t/ha GM 1.6 2.2 2.43 2.08a
Okg/ha 15 1.58 1.73 1.6¢c
Mean 1.62c 1.88b 2.39%a

Result presented the interaction effect of fertilizer types and watermelon
varieties on the number of flowers and fruit per plant (Figure 2). The types of
fertilizer are concerned, the sugar baby had the highest number (17.13) of
flowers followed by Charleston grey with 13.43, while Koalack had the least
(9.53) when grown with 15t / ha of GM + 50 kg / ha of NPK treatment. The
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greatest number of flowers were produced by Koalack (11.6), followed by
Charleston grey (10.1), whereas the sugar baby had the least (8.1) when treated
with 10t/ha GM + 100kg/ha NPK. The maximum number of flowers were
obtained by Sugar baby (11.6), followed by Koalack (10.96), while Charleston
grey had the least (10.86) when treated with 5t / ha GM + 150kg/ha NPK. The
result revealed that when 200kg/ha NPK was applied Sugar baby had the
highest number of flowers per plant (10.6), followed by Koalack with 5.33,
while Charleston grey recorded lest number of flowers (5.1) (Figure 2). The
control treatment produced the lowest number of flowers per plant when
compared to other treatments as Sugar baby (5.37), Koalack (5.16) and
Charleston grey (3.53). Finally, the highest number of flowers was obtained
by Charleston grey, followed by Kolack, while the sugar baby had the least
when nourished with 20t / ha GM.

Effect ofclimat-smart integrated fertilizer types on number of flowers /plant of three
varieties of watermelon
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Figure 2. Effect of climate-smart agriculture integrated fertilizer on number of
flowers/plant of three cultivars of watermelon at 6 weeks after planting
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In terms of number fruits per plant, it showed that Sugar baby had the
highest (9.93) followed by Koalack (7.0), while Charleston grey had the least
(3.5) when fertilized with 15t/ha GM + 50kg/ha NPK (Figure 3). The
application of 10t/ha GM + 100kg/ha NPK treatment showed that Sugar baby
had 7.85 number of fruits per plant and followed by Koalack (5.96) while
Charleston grey had 4.87 number of fruits per plant. When 5t/ha GM +
150kg/ha NPK treatment was applied to the three cultivars of watermelon,
Sugar baby had 6.5 number of fruits per plant and Koalack was 4.43 while
Charleston grey was 1.91. The result pointed out that when 200kg/ha NPK, 20t
/ ha GM and Okg/ha treatments were applied Sugar baby cultivar had the
highest number of fruits per plant with the corresponding values of 5.03, 5.43
and 2.26 respectively whereas Kolack cultivar followed by 3.08, 5.03 and 1.7
while Charleston grey had the lest with 1.46, 2.53 and1.2 number of fruits per
plant respectively. All the watermelon cultivars had a greater number of fruits
per plant when combined application of (NPK and Goat manure) was applied in
comparison with a singular does of chemical or organic fertilizers.

Effect ofclimat-smart integrated fertilizer types on number of fruits /plant of three
varieties of watermelon
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Figure 3. Effect of climate-smart integrated fertilizer on number of fruits/plant
of three cultivars of watermelon at 8 weeks after planting
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Discussion

Based on the three watermelon cultivars planted, there was an
observable difference in their percentage germination. The Kolack cultivar had
the highest percentage germination rate (35%) followed by Sugar baby with
(34%) germination rate, while Charleston grey had the least percentage
germination rate (31%). The finding agreed with Ali (2019) that variation in
percentage germination of watermelon cultivars are linked to their differences
in genetic contents and germination conditions in the soil. This could be the
reason why some varieties thrive in a given geographical region within a
country than others. For example, Kolack and Sugar baby cultivars are
dominant varieties in southeast when compared with Charleston grey that is
popularly grown in northern Nigeria (Enujeke, 2013; Anikwe et al., 2016;
Oraegbunam et al., 2016; Ali et al., 2020).

The variability in the vegetative parameters of watermelon cultivars in
response to fertilizer treatment was found. The number of leaves, branches,
vine length and stem girth were all significantly influenced (P < 0.05) by the
watermelon cultivar and treatments applied. The maximum number of leaves
(38.46), branches (5.06) and stem girth (2.39cm) per plant were recorded in
Charleston grey, followed by Koalack (33.17 leaves; 3.55 branches and 1.88cm
stem girth ), whereas the lowest number (18.82) of leaves, (2.51) branches and
(1.62cm) stem girth were recorded in Sugar baby. The findings agreed with
Oraegbunam et al. (2016) that Charleston grey produced more vegetative
parameters (number of leaves and branches) over other varieties. The findings
disagreed with Ali (2019) that the number of sugar baby leaves per plant was
more than other varieties, presumably because sugar baby had higher
photosynthesis, excellent surface distribution, preferable leaf arrangement and
chlorophyll content and more active photosynthetic enzymes. The findings of
the study further revealed that Koalack variety had the highest vine length
(145.68 cm) when compared with other cultivars under investigation. The
findings contradicted the result found by Oraegbunam et al. (2016) in their
study that gave credence to vine length of Charleston grey over other cultivars
in vegetative performance.

Combined application of 15t/ha GM + 50kg/ha NPK produced the
highest number of leaves (39.97), branches (4.79), vine length (155.74cm), and
stem girth (2.14cm) which was significantly better than what was observed
with other treatments with the exception of 20t/ha GM treatment that had 39.03
number of leaves, 4.74 branches, and 2.08cm stem girth per plant. The findings
agreed with Ali et al. (2020) that watermelon grown with 15t/ha GM + 50kg/ha
NPK treatment performed better than other treatments. The application of 15t/
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ha GM + 50 Kg /ha of NPK or 20 t / ha of GM could be considered to be
related to optimal rate for watermelon vegetative growth. These rates had
adequate quantities of essential nutrients; hence better output was achieved for
plants treated with them. Similar experiences were recorded by researchers
such as Eifediyi et al. (2017); Junaidi and Wulandari, (2017); Abera et al.
(2018); Ali (2019) and Selim, (2020) when they experimented with combine
application of organic and inorganic manure for enhancing growth and yield
performance. The findings of this study was contrary to the findings that stated
that, compared to the other treatments, NPK fertilizer treatment alone had a
significantly higher vine length and that the highest vine length received from
NPK may possibly be due to a rapid release of NPK nutrient content than other
fertilizers’ treatments (Ojo et al., 2014; Junaidi and Wulandari, 2017; Ali,
2019).

The control (Okg/ha) treatment had the lowest (18.79) number of leaves,
(1.95) branches, (65.82cm) vine length, and (1.6cm) stem girth followed by
200kg/ha NPK treatment with (39.03) number of leaves, (2.76) branches,
(98.86cm) vine length and (1.82cm) stem girth per plant. The findings are in
line with the findings of llupeju et al. (2015) and Shenglan et al. (2020) that
control treatment produced the lowest growth and yield parameters when
compared with other treatments applied. The results of the study revealed that
the growth parameters (number of leaves, branches, vine length and stem girth)
increased as the amount of goat manure increased in the combined application
of NPK and goat manure. The findings are in conformity with the findings of
researchers like llupeju et al. (2015); Eifediyi et al. (2017); Ali et al. (2020)
and Shenglan et al. (2020) that greater the compost content of some treatment
options, the higher the growth and yield output of the crop were recorded.

Furthermore, the study revealed that the interaction effect between
watermelon cultivar and fertilizer treatment was recorded highest in Charleston
grey treated with 20t/ha GM with (57.97) number of leaves. When treated with
15t/ha GM + 50kg/ha NPK Charleston grey had the highest interactive effect
with (6.93) number of branches, (192.93cm) vine length and (2.73cm) stem
girth. The findings agreed with Ali et al. (2020) that 15t/ha GM + 50kg/ha NPK
treatment produced the highest interactive effect in terms of fertilizer however
Koalack cultivar had highest values for the parameters observed in the study.

The number of flowers per plant was contrary with the reports of
Enujeke (2013); Oraegbunam et al. (2016) and Anikwe et al. (2016) that
Charleston grey had the least number of flowers when compared with other
varieties like Sugar baby and Koalack when grown with integrated fertilizer. It
was observed that Sugar baby produced the highest number of flowers. The
consequence was in order to enable the flowers to develop into fruits; the sugar
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baby had greater capacity for flower development and successful
photosynthetic accumulation (Ali, 2019).

In terms of number of fruits per plant, the result is confirmed by the
findings of Babatola et al. (2002), Ogunlade et al. (2011), Selim and Al-Owied
(2017), Selim (2018), Abera et al. (2018) and Selim (2020) who observed that
organic and chemical fertilizer compositions improve yield performance of
crops. There was an improvement in the number of fruits in Sugar baby variety
treated with combine application of NPK and Goat manure when compared
with other varieties. This is an indication that high numbers of leaves, branches
and girth in Charleston grey and length of vine in Koalack over Sugar baby did
not translate to more fruits. The high number of flowers per plant recorded in
Koalack and Charleston grey cultivars over Sugar baby when treated with
10t/ha GM + 100kg/ha NPK and 20t / ha GM treatments respectively, did not
lead to a corresponding higher number of fruits. This is in line with the findings
of llupeju et al. (2015) and Oraegbunam et al. (2016) that higher number of
flowers did not result in higher fruit numbers. The findings agreed with the
view that improve crop growth and vyield performance were commonly
recorded with regard to application of organic manure or combined with limited
amounts of mineral fertilizer (Babatola et al., 2002; Ogunlade et al., 2011; Ojo
et al., 2014; Eifediyi et al., 2017; Shenglan et al., 2020). The fact that the
materials not only provided sufficient nutrients, but also the nutrients were
slowly released to the plants that may be attributed to the high fruit yield of
watermelon treated with integrated fertilizer. This prevents nutrient loss and
leaching, as well as improving nutrient use efficiency. It could be noticed that
in the combination of some treatments, the higher the goat manure component,
the better the output of the crop in terms of number of leaves, branches, vine
length, stem girth, flowers and fruit yield. Many research studies have shown
that crops grown with integrated fertilizer increase the growth and vyield
performance when compared with the one grown with inorganic or organic
fertilizer alone stating that it is climate-smart in nature which ensures emission
reduction (Ojo et al., 2014; Massri and Labban, 2014, llupeju et al., 2015; Alo
et al., 2016; Ojoko et al., 2017). This is in line with John et al. (2004); Selim
(2018); Abera et al. (2018); Ali (2019); Selim (2020) and Ali et al. (2020) that
sufficient quantities of nutrients are supplied by the integral use of organic
manure and inorganic fertilizers which increased crop production and reduced
environmental degradation which caused solely by the application of chemical
fertilizer. It pointed to the fact that organic and mineral fertilizer combinations
are climate-smart in practice and performs better on vegetable yields (Babatola
et al., 2002; Ogunlade et al., 2011, Eifediyi et al., 2017, Junaidi and Wulandari,
2017; Selim, 2020).
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It was concluded that climate-smart integrated fertilizer management
enhance chemical properties of the soil and improved the growth and yield of
watermelon in the study area. The work revealed that Charleston grey
performed better in terms of vegetative growth whereas, Sugar baby variety
nourished with 15t/ha GM + 50kg/ha NPK gave the best yield performance
when compared with Kolack and Charleston grey verities. The integral
application of NPK and GM fertilizer were more beneficial to the soil and crops
than the single application as indicated by higher growth and yield values
obtained.
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