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Abstract

The consumption of market garden products contributes to the food and nutritional security of the world's populations. Among
these products, tomato occupies a prominent place. Meanwhile, the excessive use of synthetic fertilizers to produce tomatoes
reduces the productive potential of soils. Due to this problem, the present study was conducted in West Cameroon, aiming to
reduce the use of chemical inputs for sustainable tomato production through the use of organic input. Thus, five treatments (: TO
= control; T1 = 100% NET EDEN organic fertilizer; T2 = 100% poultry manure; T3 =50% NET EDEN organic fertilizer + 50%
poultry manure; T4 = 100% mineral fertilizer) were arranged in a completely randomized block design (RCBD) with three
replications. The study was carried out from March 1 to June 26, 2024. The results revealed that the treatment with mineral
fertilizer and the treatment with Net Eden organic fertilizer + chickens manure led to 26.2845.50 t ha™ and 26.1043.51 t ha*
respectively. These yields T4; T3 are significantly different (P<0.05) from the yields obtained with the other treatments. The
economic analysis of fertilization using the value-cost ratio (VCR) showed that only the treatment based on mineral fertilizer T4
and the treatment with Net Eden+manure T3 should be popularized among farmers/producers. Thus, the use of organic fertilizers
for tomato production has agronomic, ecological, and economic advantages. However, similar studies in other agroecological
zones are needed.
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1. Introduction

The consumption of market garden products contributes to stewed, fried, baked, and can also be used to produce soup,

the food and nutritional security of the world's populations [1].  juice, or ketchup [2]. Indeed, regular consumption of tomatoes
Among these products, the tomato occupies a prominent place.  reduces the incidence of various cancers (prostate, pancreatic,
It can be consumed as a fresh vegetable salad, processed, colon, and breast cancers), cardiovascular diseases, metabolic
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diseases (diabetes, etc.), and bone diseases (osteoporosis, etc.)
[3].

Cameroon is one of the leading tomato producers in the
Central African sub-region with nearly 1,248,099.2 tons and
yields estimated at 18.23 t ha'* [4]. Only 1% of the production
is exported to neighboring countries, and most of it is con-
sumed locally [5]. Thus, tomato is one of the most important
fruits in Cameroon [6]. It is the most widely cultivated fruit
and vegetable in Cameroon, across all agro-ecological zones
of the country. Tomato production is a primary agricultural
activity that provides income to most households in the coun-
try. Despite all the numerous benefits of this crop, its produc-
tion still faces a myriad of challenges, making it unprofitable.
Some of these challenges may relate to production, post-har-
vest, marketing, or a combination of all these challenges [7].
The full potential of the tomato has not yet been reached in
Cameroon due to numerous production constraints, including
the excessive use of chemical fertilizers [8, 9]; this leads to
increased post-harvest losses [8] and reduces the productive
potential of the soil [10]. Faced with this problem, more ap-
propriate fertilization strategies need to be studied.

The main environmental concern in cultivation strategies
across the world is pollution from the use of chemical fertiliz-
ers [11]. For sustainable agriculture, strategies to improve nu-
trient uptake, crop performance and economic efficiency are
mandatory [12]. Producers and researchers must streamline
the crop production system and management practices to ben-
efit from environmentally friendly fertilization [11]. Recent
studies on sustainable tomato fertilization indicate that the ap-
plication of organic input and organic fertilizers can sustain,
and in some cases enhance, crop yields while mitigating envi-
ronmental impacts [13, 15]. However, the economic viability
of these inputs remains insufficiently investigated and docu-
mented. Furthermore, several studies conducted worldwide on
organic fertilization practices have obtained interesting results,
showing that soil fertility has been sustainably improved and
yields comparable to those achieved with chemical fertilizers
have been attained (Nyembo et al., 2014).

Some industries have started producing and marketing or-
ganic fertilizers. Among these fertilizers is ‘Net Eden’, an or-
ganic biofertiliser containing live microorganisms that helps
improve plant growth. It optimizes soil functions and fertility
through the action of the microorganisms it contains. Biofer-
tilisers are natural solutions that help achieve a better soil bal-
ance, with the aim of improving crop yields in a sustainable
way. Net Eden is a range of 100% organic liquid fertilizers
produced in Cameroon, making them more accessible to the
rural population. These natural fertilizers are enhanced with
major nutrients (NPK) and microelements to boost yields
while protecting the soil. To overcome this problem, the pre-
sent study aims to promote sustainable tomato cultivation by
reducing reliance on mineral fertilizers and by evaluating the
economic benefits associated with the use of organic input and
chickens manure.
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2. Material and Methods

2.1. Study Area

The study took place from March 1 to June 26, 2024, in the
locality of Dschang, located in the West Region of Cameroon.
Dschang is located at latitude 05<26.617' North and longitude
1004.184' East. Dschang is characterized by an annual rain-
fall that varies from 1800 to 2000 mm annually, with annual
temperatures between 13.02 and 26.73 <C, relative humidity of
83% and an altitude is 1400 m [16].

2.2. Material

Plant material

Hybrid varieties, including Raja F1, are the most widely
grown varieties in the Western region [8]. Only one tomato
variety was used in this trial. This is the hybrid variety Raja
F1, with a growth cycle of 65 to 70 days. In addition, its stor-
age and tolerance to bacterial wilt are good.

2.3. Fertilization Equipment, Treatment and
Experimental Device

Chicken manure and Net Eden are the two organic fertiliz-
ers that were used. Net Eden is a new organic input made from
plant residues composed of nitrogen (2.7%), potassium (3.0%),
phosphorus (2.6%), calcium (5.2%), and magnesium (2.5%).
Itis also an insecticide. Net Eden was applied at a dose of 0.58
ml per plant, or 1 | ha* for a density of 33334 plants ha* (T1)
and at a dose of 0.29 ml per plant in combination with chicken
manure (T2). Chicken manure was applied at a dose of 0.15
kg per pocket, or 5t hal. The trial consisted of 5 treatments.
These 5 treatments were randomized in a randomized com-
plete block design. The treatments were as follows:

1) TO: Control (without fertilizer);

2) T1: Organic input (1 | /ha’* of Net eden);

3) T2: Chicken manure (5t /hal);

4) T3: Chicken manure (2,5 t/ ha"*of manure) + organic in-

put (0.5 I/ ha' of Net eden);

5) T4: Chicken manure (5 t ha*of manure) + Chemical fer-
tilizer (150 kg/ ha* of N2oP10K10). The distance between
two blocks was 1m.

Each block consisted of five experimental units, spaced 50
cm apart. The experimental units measured 3.30 m x2.10 m,
giving a total area of 6.93 m=Each experimental unit con-
tained 28 plants, spaced 40 cm =60 cm apart.

Table 1. Chemical composition of chicken manure.

Elements Content

pHwater 6,80
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Elements Content
pHKCI 6,6
CO (%) 15,93
MO (%) 27,47
N (%) 1,36
CIN 11,72
Ca (meqg/100g) 1,14
Mg (meq/100g) 2,80
K (%) 1,71
Na (%) 0,11
S (meq/100g) 577
Ptotal (%) 1,01
CE (Ms/cm) 8,47

Results obtained from the laboratory of Soil Analysis and Environ-
mental Chemistry, FASA, Uds.

2.4. Methods

Culture maintenance

One of the main constraints to tomato production in Came-
roon is the resurgence of pests and diseases. Therefore, phyto-
sanitary treatment must be regular and consist of approved
products applied at the right dose [8, 9]. Tomato protection
was carried out using pesticides. Two fungicides and two in-
secticides were applied to control fungal diseases and insects
respectively. The contact fungicide Balear 720SC containing
720 gl I'! of chlorothalonil was applied at 3 1 ha'!. Similarly,
the contact and systemic fungicide Banko containing 550 gl I
! of chlorotholonil and 100 gl 1! of carbendazine was applied
at2 1 ha'l. Doyen insecticide, consisting of 16 g I'! acetamiprid

and 72 g I'' cypermethrin, was applied at 20 ml per 15 1 sprayer.

In addition, Cypercot insecticide, with 100 g I"'cypermethrin
as active ingredient, was applied at 20 ml per 15 I sprayer.
During periods of high pest damage (fruiting period), the dose
was increased by 10 ml per sprayer.

2.5. Data Collection

2.5.1. Soil Parameters

The physicochemical parameters of the soil of the experi-
mental site were determined by analyzing samples taken from
a depth of 0 to 20 cm. The analyses were carried out at the soil
science laboratory of the University of Dschang. The sandy
fraction was obtained by dry sieving. The percentage of silt
and clay was determined using a Robinson pipette with so-
dium hexametaphosphate as a dispersing agent [17]. The pH-
H>O was determined using an electrode in a soil-water sus-
pension (1:2.5) and the pH-KCI in a so0il-KCl suspension
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(1:2.5) 1 N. The exchangeable acidity was extracted with 1 M
KCI solution, then quantified by titration with 1 M KCl solu-
tion. The percentage of total organic carbon (TOC%) was de-
termined according to the Walkley and Black method [18] and
total nitrogen by the Kjeldahl method [19]. The percentage of
organic matter (OM%) was obtained by the relationship OM%
=TOC% x 1.724. Exchangeable bases were determined after
extraction with a IN ammonium acetate solution at pH 7; po-
tassium and sodium contained in the ammonium acetate ex-
tract were determined by flame photometry, while magnesium
and calcium were obtained by complexometry. Available
phosphorus was obtained by the Bray 2 method [20].

2.5.2. Yield and Profitability

Four harvests were carried out. Each harvest was separated
by one week. This is how the fruit yield (t hal) was deter-
mined. The average prices of the different inputs in Dschang
throughout the cultivation period, and the average price of the
sales unit during the marketing period was considered to cal-
culate the rate of return and the value-to-cost ratio. Indeed,
5500 FCFA was the average price of a 20 kg crate of fresh
tomatoes, or 275 FCFA per kilogram.

The FAO uses a value-cost ratio (V/C) to assess the profit-
ability of fertilizer use. The V/C ratio compares the value of
additional production due to fertilizer to the cost of the ferti-
lizer. This ratio is a key metric used to determine the economic
viability of fertilizer application. It's calculated as:

VI/C ratio = VAP
CFP

Where VAP = Value of Additional Production (the increased
yield or value of the crop due to fertilizer) and CFT = Cost of
Fertilizer Treatment (the total cost of the fertilizer used) [21].

2.6. Statistical Analyses

The Analysis of variance (ANOVA) of the collected data was
arranged in Microsoft Excel 2016. This data were transferred to
Minitab software for analysis of variance, and the means were
separate using Tukey’s test at a 5% significance level. [22].

3. Results

3.1. Soil Characteristics

The physicochemical characteristics of the soil are shown
in Table 1. It shows that the texture was sandy clay loam, the
pH-water was slightly acidic (6.1) with a very high organic
matter content (10.16%) and a low nitrogen percentage
(0.12%). However, the amount of available phosphorus was
average (19.38 mg kg™). In this soil, the C/N ratio is 50, which
indicates poor decomposition and N immobilization. Indeed,
there was not enough nitrogen to allow the decomposition of
carbon. Cation Exchange Capacity (CEC) is an important
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measure of soil fertility, as it indicates the capacity of the soil
to retain and exchange cations (positive ions) essential for
plant nutrition. This soil had a pH7 a CEC of 20 meqg/100g,

which indicates that the soil had a moderate capacity to retain
nutrients, which is acceptable for most crops, although the sat-
uration rate in exchangeable bases was low (40%).

Table 2. Results of physicochemical analysis of the soil of the experimental site.

Band

Texture (%)

Soil reaction

Organic matter (%)

Exchangeable cations (meq / 100g)

Phosphorus (mg kg?)

Setting

Clay
Silt
Sand
pH-water
pH-KClI
A pH
Cco

MO

N

C/N
That
Mg

N/A
SB

CEC

S (%)

P Bray Il

Content

21

04

75
6.1
54
-0.7
5.89
10.16
0.12
50
4.52
3.08
0.14
0.24
8

20

40
19.38

pH: hydrogen potential; pH-KCI: soil pH obtained after adding potassium chloride; CO: organic carbon; MO: organic matter; N: nitrogen; Ca:
calcium; Mg: magnesium; K: potassium; Na: sodium; SB: sum of bases; CEC: cation exchange capacity; S (%): base saturation rate.

Source: Laboratory of Soil Analysis and Environmental Chemistry, FASA, UDs, 2024

Table 3. Effects of Net Eden on the physicochemical properties of the soil of the experiment site.

Samples

Soil texture
Clay

Silt

Sand
Texture class
Soil reaction
pH (water)
pH (KCI)
pH

Before seeding

21%
4%
75%

Sandy clay loam

6.1
54
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After seeding

26%
18%
56%

Sandy clay loam

6.3
54
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Samples Before seeding After seeding

Organic matter

CO (%) 5.89 6.32
OM (%) 10.16 10.89
Total N (%) 0.12 0.11
CIN 50 58

Exchangeable cations (meq/100g)

Calcium 4.52 5.96
Magnesium 3.08 3.96
Potassium 0.14 0.19
Sodium 0.24 0.34
Total bases 8 10

Cation Exchange Capacity (meqg/100g)

CEC at pH7 20 22
Saturation (%) 40 47
Available phosphorus

Bray Il (mg/kg) 19.38 17.33

Source: Laboratoire des sols et environnement, FASA, Uds, 2023.

3.2. Growth Parameters

Table 4. Effect of treatments on tomato growth parameters 35 days after reseeding.

Treatments Plant height Number of leaves Number of branches Diameter at the collar
TO 30,3149,34b 28,2946,19b 7,45840,996¢ 5,783+1,649c

Tl 31,2049,44b 31,3346,42b 7,583+1,389c 6,075 +1,820c

T2 67,56+7,02a 86,63+15,33a 23,792+1,269a 12,375+41,802ab

T3 66,536,852 79,13+15,76a 19,625+41,718b 11,725+41,113b

T4 66,1748,46a 88,33+25,94a 20,625+1,183b 13,138+1,517a

P 0,000 0,000 0,000 0,000

Values followed by the same letter in the same column are not significantly different at the 5% level according to Tukey’s test; TO = control,
T1 = organic fertiliser, T2 = chicken manure, T3 = Eden organic fertiliser + chicken manure, T4 = positive control. DAP: days after planting.

3.3. Yield Parameters

Table 5. Effect of different treatment on the yield parameters.

Treatment Number of fruits per plant Weight of fruits (g/plant) Fruity Yield (t/ha)

TO 1,771+0,881c 192,2+123,0d 6,505+4,098
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Treatment Number of fruits per plant
T1 3,500+0,984b

T2 7,063+1,286a

T3 7,885x1,032a

T4 7,990 #1,503a

P 0.000

The explained variables are the number of fruits per plant,
fruit weight (g/plant), and fruit yield (t/ha). The effect of fer-
tilizer treatments on these parameters was significant, as
shown by the results of the analysis of variance at the 5% sig-
nificance level (P=0.000). Table 5 shows that treatment T4 had
the highest number of fruits per plant (7,990), the highest av-
erage fruit weight (788.3 g/plant), and the highest yield (26.28

40 -

30 A

Yield (t/ha)
S

,_.
=]
L

Weight of fruits (g/plant) Fruity Yield (t/ha) -
407,0 #22,4c 13, 568 4,079
637,4+125,6b 21,247 #4,188
783,1+116,6a 26,107 3,886

788,3 #151,3a 26,28 45,04

0,000

t/ha). Treatments T3 and T2 also performed well, with T3 re-
cording 7,885 fruits per plant, 783.1 g/plant, and a yield of
26.107 t/ha, and T2 achieving 7,063 fruits per plant, 637.4 g/plant,
and a yield of 21.247 t/ha. Treatment T1, although producing
lower fruit numbers per plant (3,500) and less weight per plant
(407.0 g/plant), showed an intermediate yield of 13.568 t/ha. The
control TO recorded the lowest results with 1,771 fruits per plant,
a fruit weight of 192.2 g/plant, and a yield of 6.505 t/ha.

a
a
b
c
d i I
0 i
TO T1 T2 T3 T4

Treatment

Figure 1. Comparison of the treatment mean at the 0.05 threshold.

Treatments with the same letter are not significantly different at the 5% probability; TO: Control (without fertilizer); T1: Organic input (1 | ha-
! of Net eden); T2: Chicken manure (5 t ha''); T3: Chicken manure + organic input (2,5 t ha”' Chicken manure + 0.5 1 ha"! of Net eden); T4:
Chicken droppings + Chemical fertilizer (5 t ha”' Chicken manure + 150 kg/ ha"'of N2oP 10K 10).

Table 6. Analysis of variance of the performances of the treatment.

SV DF SS
Block 2 144.93
Treatment 4 926.67
Error 8 15.73
Total 14 1087.33

MS F value P>F
72.467 36.847 9.195 ™™
231.667 117.797 3.83x107
1.967 / /

/ / /

SV: source of variation; DF: degree of freedom; SS: sum of squares; MS: mean square; P: probability; ***: significant at 0.001; Coefficient of

variation = 7.51%.
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The result of the analysis of variance is presented in Table
6, and Figure 1 illustrates the comparison of the treatment
means at the threshold of 0.05. Mineral fertilizer (T4) and Net
Eden organic fertilizer associated with manure (T3) led to
26.28+5.50 t ha'and 26.10+3.51 t ha’! respectively. These

yields are significantly different (P<0.05) from the yields ob-
tained with the other treatments. Indeed, by applying manure
(T2), the yield is 21.2443.21 t ha"! and the yield obtained by
fertilizing with Net Eden organic fertilizer (T1) is 13.56+4.58
tha.

4. Economic Analysis of the Different Fertilization Used

Table 7. Economic analysis of fertilization.

TO T1
Yield 6,505 13,568
AY / 7,505
CPAY / 3731200
CT1 / 3012779
1l / 27458,37
CT2 / 3040237,37
VCR / 1,227
EP % / 22.7

T2 T3 T4

21,247 26,107 26,28
14,722 19,602 19,775
5842925 7179425 7227000
3379319 3565201,2 3615491
30755,11 32380,05 32974,47
3410074.11 3547581.25 3608465.47
1,713 2,023 2,0002

713 102.3 100.2

Yield: yield (t ha); AY: Additional yield linked to the application of fertilizers; CPAY: Cost Price of Additional Yield; TC1: Total Cost 1; I
Interest on Investment; TC2: Total Cost 2; VCR: Value Cost Ratio; EP: Economic profitability.

The economic analysis of fertilization is summarized in Ta-
ble 3 and compares the different treatments. It shows that the
value-cost ratio (VCR) of mineral fertilizer (T4) and Net Eden
organic fertilizer associated with manure (T3) are similar.
These two treatments had better VCRs than those of the other
treatments. Furthermore, the profitability of mineral fertilizer
(T4) and Net Eden organic fertilizer associated with manure
(T3) was 100%.

5. Discussion

The soil of the study has physicochemical characteristics
similar to those of the soils of the locality of Dschang [16, 23].
Indeed, the works of many authors [16, 29] have shown results
of physicochemical analyses similar to those of the present
study. Thus, the soils of the locality of Dschang are predomi-
nantly acidic, have moderate CEC and average phosphorus
content. The results reveal an overall improvement in soil
quality following harvest, particularly through an increase in
organic matter (CO from 5.89% to 6.32%, MO from 10.16%
to 10.89%) and exchangeable cations such as calcium (from
4.52 to 5.96 meq/100g), magnesium (from 3.08 to 3.96
meq/100g), potassium (from 0.14 to 0.19 meq/100g) and so-
dium (from 0.24 to 0.34 meq/100g). These changes indicate
that cultivation practices have had a positive impact on soil

139

fertility and structure, improving water retention and nutrient
availability [33, 35]. However, the minor decrease in assimi-
lable phosphorus (from 19.38 to 17.33 mg/kg) and the in-
crease in the C/N ratio (from 50 to 58) suggest slower decom-
position of organic matter, which may affect nitrogen availa-
bility for future crops [36]. Additionally, the soil pH increased
significantly (soil pH from 6.1 to 6.3), which may indicate a
reduction in acidity that is beneficial for certain crops [24].
The increase in cation exchange capacity (from 20 to 22
meq/100g) and cation saturation (from 40% to 47%) after har-
vest indicates an improved ability of the soil to retent nutrients,
thereby enhancing its general fertility [37].

As Table 4 shows, in terms of plant height, T2 (67.56+7.02a)
is indeed two times higher than TO (30.31+9.34b) and higher
than T1 (31.2049.44b). T3 (66.53+6.85a) and T4
(66.1748.464) are also high but do not show significant differ-
ences from T2. The number of leaves in T2 (86.63+15.33a) is
three times higher than in TO (28.29+6.19b) and more than
two times higher than in T1 (31.3346.42b). T4 (88.33+£25.94a)
and T3 (79.13£15.76a) also show high values, but no signifi-
cant difference is observed between T2, T3 and T4. As for the
number of branches, T2 (23.792 + 1.269a) is almost three
times higher than TO (7.458 £0.996¢) and T1 (7.583 £ 1.389c¢).
T4 (20.625+1.183b) and T3 (19.625+1.718b) show intermedi-
ate values, with no significant difference from T2. Finally, for
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the neck diameter, T2 at 12.375+1.802ab is exactly double that
of TO (5.783+1.649c¢) and greater than T1 (6.075+1.820c). T4
(13.138+1.517a) is also high but does not differ significantly
from T2, whilst T3 (11.725+1.113b) is lower than T4 but bet-
ter than TO and T1.

Both organic input and chemical fertilizers promoted better
tomato yields. This could be explained by the fact that these
fertilizers used include beneficial elements such as nitrogen,
phosphorus, and potassium. These results corroborate those
obtained by [14, 26], who, through their work, proved that or-
ganic and mineral fertilizations have a significant effect on to-
mato yield. The same is true for the work of [27], which shows
that the response of tomatoes to organic fertilization is signif-
icantly equal to that of mineral fertilization [30].

Recent studies on tomato cultivation [27, 28] have demon-
strated that mineral fertilizers provide a yield response, but
their exclusive use can compromise soil fertility and biologi-
cal activity. In contrast, chickens manure and organic inputs
such as Net eden release nutrients more gradually yet sustain-
ably, while enhancing soil microbial activity and resilience.
The findings of the present study indicate that an integrated
approach, combining a reduced dose of mineral fertilizers
with bio fertilizer (T4), results in satisfactory and economi-
cally viable yields. Nevertheless, further research is required
to refine this strategy in order to optimize tomato productivity
while ensuring long-term soil sustainability.

The management of all inputs must be based on rational ag-
ronomic and economic principles [31]. To this end, FAO stip-
ulates that for an environment where rainfall is not a constraint,
all treatments with an RVC >2 can be popularized among
farmers [21]. Given the socio-economic context, the treatment
to be popularized among farmers is the one with the highest
RVC and the lowest production cost. For this purpose, mineral
fertilizer and Net Eden organic fertilizer associated with ma-
nure are the two treatments to be popularized. However, the
use of Net Eden organic fertilizer associated with manure is
the most advantageous treatment because it contains only or-
ganic products. These findings are also similar to those of [25],
who demonstrated that the use of organic fertilisers provides
the highest profit margins and the best value cost ratios in
Kenya, Cameroon and the Democratic Republic of the Congo
respectively. This result is similar to the result of [26], which
showed that growing tomatoes using organic fertilizers is
profitable. The treatment based on Net Eden organic fertilizer
(T1) and the one based on chicken manure (T1) have the low-
est production costs and the lowest profitability. This result is
in contrast to those of some authors [32, 34] who found that
the lower the production cost, the more profitable the treat-
ments were.

6. Conclusion

This study revealed that mineral fertilizer and organic ferti-
lizer Net Eden associated with chickens manure led to
26.28+5.50 t ha'! and 26.10+3.51 t ha'!' respectively. These
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yields are significantly different (P<0.05) from the yields ob-
tained with the other treatments. With manure application, the
yield was 21.24 + 3.21 t ha'! and the yield obtained with Net
Eden organic fertilizer was 13.56 = 4.58 t ha''. The economic
analysis of fertilization using the value-cost ratio (VCR) re-
vealed that only the treatment based on mineral fertilizer and
the treatment based on organic fertilizer Net Eden associated
with manure should be popularized among producers. Thus,
the use of organic fertilizers for tomato production has agro-
nomic, ecological, and economic advantages. However, simi-
lar studies in other agro ecological zones are needed.
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CEC Cation Exchange Capacity
CFT Cost of Fertilizer Treatment
FAO Food Agricultural Organization
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