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Effect of a turmeric-based fertilizer on tomato production
at green-house level
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2.5 and 3.0 % w/v; it was characterized according to its rheological (apparent viscosity, consistency
and flow behavior indexes) and physical (z-average droplet size) characteristics. Nitrogen,
phosphorus and potassium (NPK) levels and moisture-holding capacity were measured in crop
soil. Colour, soluble solid content, acidity, diameter and the number of tomatoes were evaluated.
The photosynthetic index of the leaves of tomato plants was determined. It was observed that
when turmeric concentration increased (> 1.0 % w/v), the droplet size decreased enhancing the
physical stability of TE. NPK levels and moisture-holding capacity of the soil improved, especially
with turmeric concentrations > 1.0% w/v. Positive effects on the tomato fruit properties (soluble
solid content, acidity, diameter and tomato number) and photosynthetic index of tomato plant leaves
were observed with turmeric concentrations of 2.5 and 3.0 % w/v. The TF positively influenced the
crop soil and the metabolic process of the tomato plants, and the characteristics of its fruits.

iavierlei Demail

RESUMEN

Los fertilizantes inorganicos afectan la disponibilidad de nutrientes, el contenido de materia organica en el suelo y su
microbiota nativa. En este trabajo se desarrollé un fertilizante de ciircuma (TF) adicionado con residuos alimenticios y
cenizas de madera, para evaluar sus efectos sobre la produccién de tomate y propiedades del suelo. El TF se prepard mediante
tecnologia de emulsion utilizando tres concentraciones de ctiircuma (1.0, 2.5y 3.0 % p/v), y se midieron sus caracteristicas
reolégicas (viscosidad aparente, e indices de consistencia y comportamiento de flujo) y fisicas (tamafio de gota z-average). Se
midieron los niveles de nitrégeno, fésforo y potasio (NPK), y la capacidad de retencién de humedad en el suelo. Se evaluaron
el color, contenido de sélidos solubles, acidez, didmetro y nimero de tomates. Se determino el indice fotosintético en las hojas
de la planta. Se observ6 a medida que aumentaba la concentracién de circuma (> 1,0 % p/v), una disminucién del tamafio
de las gotas, mejorando la estabilidad fisica del TF. Los niveles de NPK y la capacidad de retencién de humedad del suelo
mejoraron, especialmente, con concentraciones de curcuma > 1,0 % p/v. Se observaron efectos positivos sobre los tomates
(contenido de sdlidos solubles, acidez, diametro y nimero de unidades) y en el indice fotosintético de las hojas de la planta
con concentraciones de circuma de 2,5y 3,0 % p/v. El TF influy6 positivamente sobre el suelo y el proceso metabdlico de las
plantas, asi como en las caracteristicas de sus frutos.

Palabras clave: Capacidad de retencién de humedad, nivel de NPK, indice fotosintético, propiedades reoldgicas, caracteristicas fisicas
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Research highlights

e The turmeric fertilizer improved the moisture-
holding capacity and NPK levels of soil.

e The photosynthetic response was positively affected
by the turmeric fertilizer.

e The quality and yield of treated tomato plants with
turmeric fertilizer were improved.

INTRODUCTION

Low fertility soils are a common problem in many
regions of the world (El-Naggar et al., 2019). Accor-
ding to the Food and Agriculture Organization of the
United Nations, 25 % of the world’s agricultural land
shows signs of erosion (FAO, 2011). Intensive agricul-
tural practices and the rise in global temperature of the
planet due to climate change can aggravate soil degra-
dation, threatening soil functionality and productivity
(Antoniadis et al., 2017) and leading to nutrient deple-
tion and reduction of the natural microbiota in the soil
(Ramirez-Gil et al., 2013). Consequently, the soil beco-
mes susceptible to being colonized by pathogens, cau-
sing the decline of many commercially important fruits
and root crops (Cano, 2011).

Inorganic fertilizers are used for the treatment of
infertile soils (Alvarez-Hernéndez etal,2011). Howe-
ver, their long-term application might have a serious
impact on the availability of nutrients and organic
matter content in the soil, as well as on its native mi-
crobiota (Salamat et al., 2021). Therefore, natural and
economical solutions that can contribute to improving
soil fertility without negative side effects on soil and
crops are needed (Shaheen et al., 2013). Organic fer-
tilizer production is based on using organic sources to
provide necessary plant nutrients such as compost and
other animal and plant wastes. However, managing to
meet the nutrient requirements needed in crops using
only organic sources is a major challenge (Bergstrand,
2022). Organic production systems are usually asso-
ciated with lower productivity than conventional sys-
tems, therefore, a current challenge is to develop an
organic fertilizer that maintains an adequate supply of
nutrients to the soil and therefore to the plantations.

Studies conducted with organic fertilizers have
shown the growth of leaves and the increased height
and width of shoots in mustard crops (Kai and Tama-
ki, 2020). The use of organic fertilizers in apple culti-
vation allowed an improvement in nutrient levels and
microbial activity in soils (Kai and Kubo, 2020; Kai and
Adhikari, 2021). Another study on cherry tomatoes
showed that the use of a natural fertilizer positively
affected the crop (larger and heavier fruits with hig-
her lycopene content), as well as the soil properties
(increased nutrient content, microbial activity, and
biomass) (Kai et al, 2020). An important aspect to

consider when using organic fertilizers is their ability
to reduce crop infections. Among the bioactive com-
pounds with antimicrobial and insect repel activities is
turmeric (Reganold et al, 2001). Upendra et al. (2011)
reported the inhibitory activity of turmeric powders
against fungal contaminations in plant tissue culture. A
recent study reported that curcumin (the primary acti-
ve compound in turmeric) exhibited a broad-spectrum
antimicrobial activity (antiviral, antibacterial, antifun-
gal, and antimalarial activities), emphasizing its ability
to prevent and control endophytic and latent contami-
nation in apple crops (Kai and Adhikari, 2021). The-
refore, the objective of this research was to develop a
turmeric fertilizer with added food residues and wood
ashes, and to evaluate its effect on tomato production
and crop soil properties.

MATERIALS AND METHODS
Materials

Turmeric and whole milk were purchased from a
local market in the city of Osorno, Chile. Coffee bean re-
sidues, banana peel and wood ash were collected from
local consumption in the city of Osorno. Tomato plants
of the Cal ace variety were used.

Experimental planting conditions

Tomato plants (n = 12) of the Cal ace variety were
grown in a greenhouse (8 m?) next to the Universidad
del Bio-Bio, Chillan, Chile, located at the western lon-
gitude of -72° 4’, and the southern latitude of -36° 36",
The early tomato plants were sown on December 2021,
transplanted on January 2022 and then tomatoes were
harvested at the end of April 2022 when the average
minimum and maximum air temperatures were 11.9
1.6 °C and 27.8 * 3.6 °C, respectively. The average rela-
tive moisture in the air was 53.5 + 4.5 %, and the avera-
ge daylight was approximately 12.8 + 1.4 h. Soil mois-
ture was adjusted to 25.6 + 2.4 % (wet basis) during
the analysis, and soil pH remained constant at 5.8 + 0.2
because according to Kyomuhendo et al. (2020), pH va-
lues above or below the range pH 5.8 to 6.5 may result
in less vigorous growth and nutrient deficiencies.

Experimental design for fertilizer preparation

Turmeric (1.0, 2.5 and 3.0 % w/v) was dissolved
with moderate agitation in whole milk at 40°C for 1 h,
using an adjustable high-speed homogenizer (FK-FSH-
2A Model, MXBAOHENG, China) to obtain a colloidal
emulsion type mixture. The collected residue of coffee
beans was drained, ground and diluted in distilled wa-
ter (0.19 % w/v). Banana peels were chopped, ground
and diluted in water (0.44 % w/v). Wood ashes were
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sieved (mesh opening of 2 mm) and diluted in water
at 3.29 % w/v. Nitrogen content was determined fo-
llowing the standards of the National Institute of Stan-
dardization (National Institute of Standardization,
2002), phosphorus using the AOAC standard (2019),
and potassium using the AOAC standard (2012). Sub-
sequently, the food residue solutions (coffee beans
and banana peels) and wood ash solution were mixed
to obtain a [nitrogen: phosphorus: potassium] ratio
of [(15: 4: 20) (mg kg™: mg kg': mg kg')] with a [to-
tal organic carbon/nitrogen] coefficient lower than 10
(dimensionless value) in the resulting mixture, which
was mixed with the initially prepared turmeric emul-
sion. The resulting product was called turmeric ferti-
lizer (TF), and three turmeric concentrations (1.0, 2.5
and 3.0 % w/v) were studied. Therefore, the doses of
the active ingredient per mass of product were 10, 25
and 30 g of turmeric per kg of TF. One diluted sample of
200 mL TF [7 g TF / 200 mL water] was added to each
tomato plant in the transplanted stage. The 12 plants
studied were divided into 4 blocks, 3 control plants
without fertilizer treatment, and 3 plants for each tur-
meric fertilizer treatment (1.0, 2.5 and 3.0 % w/v).

Fertilizer characterization

Rheological behavior. The rheological behavior of ferti-
lizer was evaluated with a strain and stress-controlled
rheometer (Physica MCR 300, Anton Paar, Filderstadt,
Germany). The instrument was equipped with two
smooth parallel plates (50 mm diameter). The gap bet-
ween the plates was 0.8 mm. The temperature was kept
constant at 25 °C, with an accuracy of 0.1 °C, during the
measurements by using a water bath connected to the
Peltier system. The apparent viscosity (r)app) was de-
termined at a shear rate of 0.3 s from flow curves by
varying the shear rate between 0.01 and 1 s*. The data
were fitted to Power Law and Herschel-Bulkley models
(US200 Physica version 2.01, USA) to obtain the rheo-
logical parameters consistency index (k), flow beha-
vior index (n), and yield stress (0,) (Mezger, 2002). The
analysis was performed in triplicate with six replica-
tes for each sample. During the analysis, a commercial
seaweed-based organic fertilizer was used as a control.

Droplet size and droplet size distribution. The droplet
size (expressed as z-average) and droplet size distri-
bution were measured by dynamic light scattering
(DLS) using a Zetasizer Nano ZS equipment (Malvern
Instruments Ltd., Worcestershire, UK). The Zetasizer
equipment operated with a 633 nm He-Ne laser using
back-scattering detection (173°). The droplet size mea-
surement was based on the analysis of laser scattering
fluctuations due to the droplet’s Brownian motion;
average droplet size was determined using the Stokes-
Einstein relationship. Measurements were recorded at
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25 °C after an equilibrium period of 45 s (Leiva-Vega et
al., 2020). Tests were performed in triplicate and the
results represented the average of nine readings. The
refractive index and absorption index of the oil pha-
se were 1.5 and 0.001, respectively, and the refractive
index and dielectric constant of water were 1.33 and
78.5, respectively. During the analysis, a commercial
seaweed-based organic fertilizer was used as a control.

Soil characterization

Nitrogen, phosphorus, and potassium levels. The soil
used for tomato planting was characterized by mea-
suring nitrogen (N), phosphorus (P), and potassium
(K) levels using a soil nutrient sensor (Soil Nutrient
Detector, Chengdu Sentec Technology Co., Sichuan, Chi-
na). The technique is based on the conductivity mea-
surement of steel electrodes that were immersed in
the moist soil samples (25.6 + 2.4 % wet basis), and
the variability in electrical conductivity was expressed
as N, P and K levels (Longhurst and Nicholson, 2010;
Kulkarni et al., 2014). Measurements were taken every
5 days for 100 days after planting tomato plants, using
soil without added fertilizer as control.

Moisture-holding capacity. The moisture-holding capa-
city (MHC) was determined according to the methodo-
logy of Bejar-Pulido et al. (2020), with some modifica-
tions. The soil added with the fertilizer (1, 2.5 and 3 %
w/v TF) was dried at 25°C for 16 h using a solar dryer
and sieved (mesh opening of 2 mm). The dehydrated
soil sample (100 g) was placed on a plate and moiste-
ned in average ambient conditions (at 14.6 + 6.8 °C for
12 h, with relative humidity of 66.5 + 9.2 %). The mois-
ture content was determined gravimetrically (105 °C
for 24 h) in triplicate. Moisture-holding capacity was
determined using Equation 1. The control was soil
without added fertilizer.

g H,0 retained ) _ (PW+Pws) — (PW + Pds)

- 1
100gof drysoll) - @ewpds)—w)  * 0L

MHC (
where: PW, Pws, and Pds is the weight (g) of the plate,
wet soil, and dry soil, respectively.

Tomato characterisation

Colourvalues. The tomato colour was expressed in terms
of the CIELab scale: L* (from white to black), a* (from
green to red), and b* (from blue to yellow) (Spricigo et
al., 2021); it was measured using a digital colorimeter
spectrophotometer (LS170, Linshang Technology Co,
Shenzhen, China) calibrated with a standard white ce-
ramic plate (L* = 96.29, a* = 0.4*, b* = 3.14). The total
colour difference (AE*) was calculated as the difference
between tomatoes obtained from plants treated with
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TF, and tomatoes obtained from plants without fertili-
zer added as control, according to Equation 2. Twelve
measurements were made for each tomato in triplicate.

AE* = \J(AL")? + (Aa*)? + (Ab*)2 [2]
where: AL* represents a lightness difference, Aa* re-
presents a redness or greenness difference, and Ab*
represents a blueness or yellowness difference.

Soluble solid content and pH value. The soluble solid
content of tomatoes was measured using a digital re-
fractometer (HI-96801, Hanna Instruments, Tokyo, Ja-
pan); the tomato homogenate was filtered with gauze
and dripped on the measuring cell (Ayusto-Yuste et al.,
2022). The pH was measured using a digital benchtop
pH meter (Piccolo, Hanna Instruments, Tokyo, Japan)
following the methodology described by Astuti et al.
(2018). For both analyses, twelve measurements were
made for each tomato in triplicate using tomatoes from
plants without fertilizer added as control.

Diameter and tomato number. Tomato diameter was
measured with a metric Vernier calliper, and measure-
ments were made in triplicate with 4 replicates in each
case. In parallel, the tomato number per plant was cou-
nted. Both measurements were performed 100 days
after the transplanted stage. Tomatoes from plants
without fertilizer added were used as control.

Photosynthetic index

The photosynthetic response of tomato plant leaves
was estimated using a photosynthetic index propo-
sed in the methodology of Kovacevi¢ et al. (2015) but
based on spectral pictures analyzed with the Omsi-M
software. The sampling time was 100 days after the
transplanting stage and five images were taken per
plant using 3 plants from each treatment. The control
consisted of leaves of tomato plants cultivated in soil
without added fertilizer.

Statistical analysis

Results were evaluated by analysis of variance and sig-
nificant differences between the mean values (p < 0.05)
were determined using Tukey’s test. The results were re-
ported as the mean value * standard deviation.

RESULTS AND DISCUSSION
Fertilizer characterization

Rheological behavior. Rheological behavior is a key pro-
perty of emulsions ranging from highly non-Newtonian
viscoelastic products to mobile Newtonian liquids (Zhu
et al,, 2020). Figure 1 shows the apparent viscosity of
the turmeric fertilizer (TF) as a function of shear rate.
Viscosity showed a decreasing trend from 188.05 to
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Figure 1. Apparent viscosity for the turmeric fertilizer with 1.0, 2.5 and 3.0 % w/v turmeric. The control was a commercial

fertilizer.

Figura 1. Viscosidad aparente para el fertilizante de circuma con 1,0, 2,5y 3,0 % p/v de curcuma. El control fue un fertilizante

comercial.
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111.25 Pa.s as curcumin concentration increased from
1.0 to 3.0 % w/v, although viscosities of the TFs were
clearly higher than the viscosity of the control (a com-
mercial fertilizer) (Fig. 1). The high viscosity of the TFs
was explained because the fertilizer samples were pre-
pared as emulsified systems concentrated in particles,
from coffee beans, banana peels and wood ashes. The
lower viscosity in the samples containing 1.0 and 2.5 %
w/v turmeric could have been due to the partial covera-
ge of particles, allowing their mobility. When turmeric
concentration was 3.0 % w/v, the viscosity increased
probably due to a covering and hampering of particle
mobility (Hong et al.,, 2018).

Table 1 summarizes the rheological character of
the TFs using the Power law and Herschel-Bulkley mo-
dels. The determination coefficient (R?) method was
selected to find the best-fit model. High determination
coefficients (R* > 0.97) were obtained with the Hers-
chel-Bulkley model. Yield stress (s,) indicates that the
applied effort to achieve fluidity ranged between 2.60
and 3.49 Pa for the fertilizer samples; the values were
higher than the value exhibited by the control (0.13 Pa)
indicating that the fertilizer samples require more
effort to achieve fluidity. This finding could suggest the
presence of interactions between emulsion droplets in
the studied range of yield stress (2.60 Pa to 3.49 Pa)
(Simon et al.,, 2010). The consistency index (k) repre-
sents the viscous nature of an emulsion, and its higher
values reflect higher viscosity (Zhu et al., 2020). As oc-
curred with the apparent viscosity, the k value decrea-
sed when turmeric concentration increased, but the va-
lues were higher than the value of the control. This be-
havior was consistent with the results reported by Ma

Fertiliser based on turmeric in tomato production

et al. (2017); the authors observed that the addition of
curcumin led to higher viscosities in comparison to the
control but decreased the emulsion stability. The ferti-
lizer samples displayed non-Newtonian shear-thinning
behavior, meaning that turmeric did not change their
flow behavior (n=1) (Illyin et al, 2015). For a typical
non-Newtonian shear-thinning emulsion, a disruption
behavior of floc structures at a high shear rate is fre-
quent (Sheng et al., 2018). Non-Newtonian shear-thin-
ning behavior is typical of emulsions having dispersed
particles such as small particles of plant tissue (Sheng
et al.,, 2018). Therefore, the fertilizer samples could ex-
hibit a breaking behavior of flocculated droplets with
the increase of shear rate, contributing to the disper-
sion of their droplets.

Itis important to establish that fertilizer viscosity is
critical to reduce leaching losses in the soil. In the case
of the present formulation, the addition of polymeric
materials and turmeric to the different formulations
reduces the loss of nitrogen in the soil and therefore
increases the absorption of this nutrient by the plants.
In addition, subsequent tests on tomato crops showed
that the fertilizer formulations, when compared to the
control, present a greater viscosity that contributes to
reducing the loss of nutrients and moisture in the soil
(Mikkelsen et al., 1993).

Droplet size and droplet size distribution. Droplet size
is one key property that affects the physical characte-
ristics of an emulsion, such as rheology and stability
(McClements, 2016). Fig. 2 shows the effect of turmeric
concentrations on the droplet size of TFs. The use of
whole milk as an emulsifier probably promoted the so-

Table 1. Rheological parameters from the Power Law and Herschel-Bulkley models for the turmeric fertilizer with 1.0, 2.5

and 3.0 % w/v turmeric. The control was a commercial fertilizer.

Cuadro 1.Parametros reoldgicos de los modelos de Ley de Potencia y Herschel-Bulkley para el fertilizante de ctircuma con 1,0,
2,5y 3,0 % p/v de ciircuma. El control fue un fertilizante comercial.

Rheological parameters

Power Law Herschel-Bulkley
s=kg" s=s,+kg"
Turmeric Mapp k n R? s, k n R?
(% w/v) (Pa.s) (Pa.s") (Pa) (Pa.s)
1.0 188.05+9.19¢ 11246+8.72¢ 0.37+0.01* 0.89 3.49+0.27¢ 1419.35+24.21> 0.02 +£0.001* 0.99
2.5 111.25+12.72> 62.14+12.47°> 0.37+0.03* 090 2.60+0.18" 1013.58 +54.14¢ 0.01 £ 0.000* 0.98
3.0 148.08 £ 16.97¢ 76.71+8.77¢ 0.38+0.04* 0.89 3.21+0.79° 1228.06+71.13¢ 0.01 +0.000* 0.98
Control 0.014 £ 0.004* 0.58+0.04* 0.11+0.01* 0.87 0.13+0.04° 0.98 +0.25* 0.01+0.001* 0.97

where: Ny is apparent viscosity, s is shear stress, s, is yield stress, k is consistency index, g is shear rate, and n is flow behavior index. R* is the
determination coefficient. Values are means (n = 7) # SD. SD represents the variability of the samples. Different superscript letters in the same

column indicate significant differences (p < 0.05).
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lubilization of turmeric; thus, contributing to the reduc-
tion of the droplet size compared to the control, which
was a commercial fertilizer without turmeric. Specifi-
cally, increasing the turmeric concentration from 2.5 to
3.0 % w/v resulted in a 29 % decrease in droplet size
(from 570 nm to 403 nm). This behavior could be attri-
buted to two main mechanisms: (i) enough dairy emul-
sifier molecules to cover a larger droplet surface, and
(ii) the available dairy emulsifier molecules can cover
the droplet surface more rapidly, which leads to a re-
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duction in droplets coalescence (Dahlawi et al., 2020).
The droplet size distributions in Fig. 3 also confirmed
that the dairy emulsifier led to small droplet sizes and
a narrow droplet size distribution for the studied tur-
meric concentrations. These results also showed that
the droplet size distribution for the control was much
wider. In addition, the fact that the particles are homo-
geneous and small helps with the occurrence of higher
nutrient uptake into the soil and thus into the plants
(Raliya et al,, 2016). Therefore, these results suggest
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Figure 2. Droplet size for the turmeric fertilizer with 1.0, 2.5 and 3.0 % w/v turmeric. The control was a commercial fertilizer.
Different letters in the bars indicate significant differences at p < 0.5.

Figura 2. Tamafio de las gotas del fertilizante de circuma con 1,0, 2,5y 3,0 % p/v de curcuma. El control fue un fertilizante
comercial. Letras diferentes en las barras indican diferencias significativas a p < 0,5.
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Figure 3. Dropletsize distribution for the turmeric fertilizer with 1.0, 2.5 and 3.0 % w/v turmeric. The control was a commercial

fertilizer.

Figura 3. Distribucién del tamafio de las gotas para el fertilizante de circuma con 1,0, 2,5y 3,0 % p/v de ctircuma. EI control

fue un fertilizante comercial.
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that whole milk could be an efficient natural emulsifier
with significant potential for agricultural applications,
highlighting that a homogeneous droplet size facilita-
tes nutrient availability and uptake.

Soil characterization

Nitrogen, phosphorus, and potassium levels. Nitrogen is
needed in the early flowering stage to promote strong
growth because it increases protein synthesis (Hard-
jowigeno, 2003). Phosphorus plays a key role in the
early stages of plant development to ensure good root
growth and flowering (Hariyadi et al., 2019). Potassium
is needed in the metabolic processes of photosynthe-
sis, essential during plant growth (Sutejo, 2002). The
absorption of nitrogen, phosphorus and potassium by
the tomato plants treated with 1.0, 2.5 and 3.0 % w/v
turmeric are presented in Fig. 4. Soil moisture was ad-
justed to 25.6 * 2.4 % (wet basis) during the analysis,
and soil pH remained constant at 5.8 + 0.2.

Fig. 4A showed that, in all cases, there was an early
uptake of nitrogen from the soil by the plants, showing
significant differences between the control and the
plants treated with the different fertilizer formulations.
In addition, among the different treatments, there were
significant differences in the amount of nitrogen availa-
ble both at the beginning and the end of the cultivation
process. In the beginning, the formulation with 3.0 %
w/v turmeric had a greater amount of available nitro-
gen, while at the end of the cultivation period, the for-
mulation with 2.5 % w/v turmeric had a greater amount
of available nitrogen in the soil, which contributed to
the better yields and quality of the fruits obtained with
this formulation. The turmeric concentrations at 1.0 and
3.0 % w/v showed a lower amount of available nitrogen
after the flowering stage. This finding could suggest a
higher nitrogen consumption by tomato plants in these
treatments. However, the soil with 2.5 % w/v turme-
ric showed a higher amount of available nitrogen after
flowering, which could indicate a lower nitrogen con-
sumption by these tomato plants. On the other hand, the
control soil exhibited the lowest nitrogen level, which
decreased during the time studied. This finding could
confirm that the control soil was low in nitrogen, and
probably most of it was utilized by the plant.

Fig. 4B shows that the plants during their early sta-
ge of development were able to consume the available
phosphorus in the soils treated with 1.0 and 3.0 % w/v
turmeric without problems. It is also observed that at
the beginning of the process, the sample with 2.5 %
w/v turmeric had the highest available phosphorus
content in the soil, being significantly different from
the rest of the treatments and the control. However, the
soil treated with 2.5 % w/v turmeric at the end of the
process showed higher phosphorus levels compared
to the other two concentrations, suggesting that phos-
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Figure 4. Nitrogen (A), phosphorus (B), and potassium (C)
levels in the soil treated with turmeric fertilizer at 1.0, 2.5 and
3.0 % w/v turmeric where tomato plants were cultivated. The
control was soil without added fertilizer.

Figura 4. Niveles de nitrégeno (A), fésforo (B) y potasio (C)
en el suelo tratado con fertilizante de ctircumaal 1,0, 2,5y 3,0
% p/v de circuma en el que se cultivaron plantas de tomate.
El control fue un suelo sin adicién de fertilizante.
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phorus was not available to the plant. The control soil
(no fertilizer added) showed phosphorus levels above
the level of the soil treated with 1.0 % w/v turmeric at
the early plant stage; this finding could be key in su-
ggesting that the soil treated with 1.0 % w/v turmeric
showed the highest level of available phosphorus.

Figure 4C shows no significant differences in the
available potassium content of the soil at the beginning
of the process. In addition, the three turmeric concen-
trations evaluated exhibited similar trends with res-
pect to potassium levels, however, the soil treated with
1.0 % w/v turmeric showed a decrease in potassium le-
vels after 40 days, which could be associated with hig-
her availability of potassium for the plant in that soil.
The behavior of the potassium level in the control soil
was remarkable because the significant decrease could
indicate that potassium was probably the least avai-
lable nutrient. Therefore, the soil treated with 1.0 %
w/v turmeric offers the most suitable availability of
nitrogen, phosphorus and potassium for the flowering
and growth of tomato plants and the ripening of their
fruits.

Moisture-holding capacity. The water for irrigation is
limited in the world, so improving its use efficiency is
essential for agriculture (Chicas-Soto et al., 2014). In
this regard, moisture-holding capacity is the ability of
certain soil textures to physically hold water against
the force of gravity. Table 2 shows the effect of turmeric
concentration on the moisture-holding capacity of the
crop soil; differences between the treatments ranging
from 35.41 to 50.65 (g water retained/ 100 g dry soil)
were significant (p < 0.05). The results showed that soil
treated with the TFs had a better moisture-holding ca-
pacity, especially the soils treated with 2.5 and 3 % w/v
turmeric. It has been shown that organic nutrients in-

Table 2. Moisture-holding capacity in the soil treated with
turmeric fertilizer at 1.0, 2.5 and 3.0 % w/v turmeric. The
control was a soil without added fertilizer.

Cuadro 2. Capacidad de retenciéon de humedad en el suelo
tratado con fertilizante de ciircuma al 1,0, 2,5y 3,0 % p/v de
curcuma. El control fue un suelo sin adicidn de fertilizante.

Turmeric g water retained
MHC ( - )

(% w/v) 100 g of dry soil

1.0 39.21+1.23"

2.5 44.61 +1.75°¢

3.0 50.65 + 3.54¢

Control 35.41+2.142

where: MHC is moisture-holding capacity. Different superscript
letters indicate significant differences (p < 0.5).

fluence soil properties improving water retention due
to an increased cation exchange capacity (Kaingo et al.,
2018). The main organic nutrients are carbohydrates,
proteins, lipids, and vitamins. A tablespoon of turme-
ric powder has nearly, 6 g of carbohydrates, 2 g of fibre
(as polysaccharides), and 1 g of protein (Correa et al.,
2020). In consequence, the increased water retention
capacity of the soils treated with TF (> 1.0 % w/v tur-
meric), might be explained by the composition provi-
ded by turmeric.

It has been established that soils with greater or-
ganic matter content, show positive alterations in their
structure that lead to decreased degradation and in-
creased moisture-holding capacity (Meza-Pérez and
Geissert-Kientz, 2006), considering that soil organic
matter corresponds to organic carbon compounds and
soil carbon content is closely related to nitrogen level
(Mahal et al., 2019). Therefore, the increase of nitro-
gen level in the crop soil during the study period (from
8.0 to 12.3 mg/kg) could suggest an increase of organic
matter content in the crop soil with the addition of TF.
The crop soil without TF addition exhibited a decrease
in its nitrogen level during the same period (from 7.7
to 7.3 mg/kg). Therefore, these findings suggest that
emulsified turmeric in TF could contribute to the plant
water requirement and its organic matter content.

Tomato characterization

Colour values. Colour is one key quality parameter in
the tomato. This property is affected by the availability
of nutrients and water in the soil (Daza et al.,, 2009).
Table 3 showed the colour changes of tomatoes in nu-
merical terms with the L* a* and b* parameters du-
ring ripening in plants from the different treatments.
The tomato colour parameters for L* (from white to
black), a* (from green to red), and b* (from blue to
yellow) showed values in the ranges of 37.23-40.96,
21.03-33.25, and 34.31-37.46, respectively. For a ripe
tomato, L* value is usually in the range 40.0-42.7, a*
value in the range of 17.9-29.6, and b* value in the ran-
ge of 27.0-29.4 (Castro et al,, 2021). Therefore, L* and
a* parameters coincided with the normal ranges, but
b* parameter was above the normal range.

The lightness of tomatoes from plants grown in
soils treated with turmeric at concentrations > 1.0 %
w/v decreased, which could be a consequence of the
higher carbohydrate contribution of turmeric when
the concentration was > 1.0 % w/v, probably due to
gelation of the water available that is absorbed by the
root and, therefore, resulting in insufficient access of
the plant to the soil water (Kaingo et al., 2018). The
a* values of the tomatoes from plants grown in soils
treated can be interpreted considering the chlorophyll
degradation and the synthesis of lycopene pigments
(Barreiro et al., 1997). Thus, a* values increased as L*
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Table 3. Comparison of colour parameters in tomatoes cultivated in soils treated with turmeric fertilizer at 1.0, 2.5 and 3 %
w/v turmeric. The control was a tomato fruit from a plant cultivated in soil without added fertilizer.

Cuadro 3. Comparacién de los parametros de color en tomates cultivados en suelos tratados con fertilizante de circuma al 1,0,
2,5y 3 % p/v de ctircuma. El control fue un fruto de tomate desde una planta cultivada en suelo sin adicién de fertilizante.

Turmeric

L* b* AE*
(% w/v)
1.0 40.96 £ 1.072 21.03 +£2,122 35.02 +2.37% 5.23+1.90
2.5 37.60 £ 1.12° 33.25+1,26" 37.46 = 1.00° 10.94 + 3.27°
3.0 37.23 + 1.66° 30.72 £1,72° 35.04 + 3.15% 9.04 +2.70°
Control 39.05 + 1.413bcd 23.07 £2,92? 34.31+1.63% -

where: L* is lightness from white to black, a* is colour parameter from green to red, b* is colour parameter from blue to yellow, and AE* is total
colour difference. Different superscript letters in the same column indicate significant differences (p < 0.05).

values decreased when the turmeric concentration was
> 1.0 % w/v, which means a darkening of the red co-
lour (tomato totally red). This finding could suggest an
enhancement of the tomato ripening rate when the tur-
meric concentration was > 1.0 % w/v. The reported b*
values could be related to higher levels of xanthophyll
pigments (yellow colour), which reach their highest
concentration before tomato ripening (Lopez-Camelo
and Gomez, 2004). The AE* values ranged from 5.23
to 10.94, suggesting that the colour parameters (L*, a*,
and b*) of tomatoes from plants grown in soils treated
with TF exhibited marked significant differences com-
pared to the control tomato (from a plant cultivated
in soil without added fertilizer) (Zapata et al., 2007).
Therefore, the results suggest that plants cultivated in
soils treated with turmeric concentrations > 1.0 % w/v,
improved the ripening rate of their tomatoes, as well
as the content of lycopene and xanthophyll pigments.

Soluble solid content and pH value. The soluble solid
content and acidity (or pH value) are two key chemical
parameters that influence the ripening and postharvest
quality of tomatoes (Huang et al.,, 2018). Table 4 showed
significant differences in the soluble solid content and
pH value among the tomatoes from plants cultivated in
soils with added TF. The soluble solid content ranged
from 4.87 to 6.36 °Brix, which coincides with other re-
ports (Tigist et al.,, 2013; Huang et al., 2018). It has been
reported that soluble solid content in tomatoes increa-
ses with colour changes during the ripening (Tadesse et
al, 2015), which would be consistent with the results
obtained in the present study. The tomatoes cultiva-
ted in soils with added TF exhibited pH values ranging
from 4.05 to 4.24, being consistent with tomato juices
studied (pH from 4.05 to 4.64), and ‘Sun Bright’ toma-
toes (pH between 4.0 and 4.3) reported by Astuti et al.
(2018) and Huang et al. (2018), respectively. The in-
crease of pH with turmeric concentrations > 1.0 % w/v
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suggests the presence of organic acids at a low content,
which could lead to a rapid microbiological deteriora-
tion of the harvested tomatoes (Rao and Lakshmanan,
2018). Although other studies report that a normal pH
for ripened tomatoes can exceed 4.6, this pH would be
the upper limit to qualify the tomatoes as acidic.

In consequence, a pH lower than 4.6 is desirable be-
cause the shelf life of tomatoes can be extended (Tigist
etal., 2013). In general, studies suggest that the acidity
decrease (and thus the pH) during the ripening of to-
matoes (Castro et al.,, 2005). Therefore, the increase in
soluble solid content and pH of tomatoes from plants
cultivated in soils with turmeric concentrations >1.0 %
w/v could mean that tomato plants treated with high
turmeric concentration would produce tomato fruits
with a higher sugar content and a lower content of free

Table 4. Soluble solid content and pH value in tomatoes
cultivated in soils treated with turmeric fertilizer at 1.0, 2.5
and 3.0 % w/v turmeric. The control was a tomato fruit from
a plant cultivated in soil without added fertilizer.

Cuadro 4.Contenido de sdlidos solubles y valor de pH en
tomates cultivados en suelos tratados con fertilizante de
curcuma al 1,0, 2,5 y 3,0 % p/v de circuma. El control fue
un fruto desde tomate de una planta cultivada en suelo sin
adicién de fertilizante.

Turmeric Soluble solid content

(% w/v) (° Brix) pH value

1.0 499 £0.03* 4.05 +0.02°
2.5 6.36+0.11° 4.24 +0.04°
3.0 6.07 £ 0.23° 4.21+0.07°
Control 487 +0.122 4.17 £0.03"

Different superscript letters in the same column indicate significant
differences (p < 0.05).
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organic acids, which is a disadvantage because it could
cause a higher incidence of fungal infection.

Diameter and tomato number. The tomato growth (ex-
pressed as its diameter) and number of tomatoes per
plant were measured to evaluate the effect of turmeric
concentration. Table 5 showed that the used TF signi-
ficantly (p < 0.05) increased the diameter and tomato
number compared with the results recorded from the
control tomato (from a plant cultivated in soil without
added fertilizer). The results were consistent with the
high photosynthetic rate observed in tomato plants
(see Table 6). These findings partially coincided with
the results found by Tahamolkonan et al. (2022) ob-
tained after the organic fertilization of tomato plants.
Therefore, the TF exhibited positive effects on tomato
growth and yield.

Photosynthetic index

Table 6 showed the effect of turmeric concentration
(1.0, 2.5 and 3 % w/v) on the photosynthetic index in
the tomato plant leaves. The photosynthetic index in
these plants was significantly higher (p < 0.05) than
in the control (tomato plant leaves cultivated in soil
without added fertilizer) and increased significantly
(p < 0.05) as the turmeric concentration increased
(> 1.0 % w/v). Schwarz et al. (2002) attributed the
improvement of tomato quality to the addition of ma-
cronutrients in the soil. In addition, an increase of nu-
trients in the soil could also affect photosynthesis and,
as result, the tomato plant growth and its yield (Kohzu-
ma and Hikosaka, 2018), which was verified with a hig-

Table 5. Diameter and tomato number in tomatoes
cultivated in soils treated with turmeric fertilizer at 1.0, 2.5
and 3.0 % w/v turmeric. The control was a tomato fruit from
a plant cultivated in soil without added fertilizer.

Cuadro 5. Didmetro y numero de tomates cultivados en
suelos tratados con fertilizante de circumaal 1,0, 2,5y 3,0 %
p/v de ctircuma. El control fue un fruto de tomate desde una
planta cultivada en suelo sin adicion de fertilizante.

Tomato plants

Turmeric Diameter Tomato number
(% w/v) (mm)

1.0 35.42 £ 2.50° 10 £ 2P

2.5 43.08 +3.92° 15+1°

3.0 52.42 +5.02¢ 16 + 2¢
Control 33.70 £ 1.96* 8+12

Different superscript letters in the same column indicate significant
differences (p < 0.05).
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Table 6. Photosynthetic index in leaves of tomato plant
cultivated in soils treated with turmeric fertilizer at 1.0, 2.5
and 3.0 % w/v turmeric. The control consisted of leaves of
tomato plants cultivated in soil without fertilizer added.

Cuadro 6. Indice fotosintético en hojas de plantas de tomate
cultivadas en suelos tratados con fertilizante de circuma
al 1,0, 2,5y 3,0 % p/v de circuma. El control consisti6é en
hojas de planta de tomate cultivadas en suelo sin adicién de
fertilizante.

Turmeric Photosynthetic index

(% w/v)

1.0 0.58 £0.02°
2.5 0.65 + 0.06°
3.0 0.72 £ 0.04¢
Control 0.52+£0.01°

Different superscript letters indicate significant differences (p < 0.5).
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her number of tomatoes compared with the control (to
see Table 5). Therefore, a higher contribution of macro-
nutrients (such as carbohydrates, fiber, and proteins)
in the TF when the turmeric concentration was > 1.0 %
w/v, could explain the high levels of photosynthetic
responses obtained in the study:.

CONCLUSION

Turmeric, coffee beans, banana peels and wood as-
hes were used in the present research for the develop-
ment of a turmeric fertilizer (TF); this fertilizer impro-
ved the tomato size (diameter); the quality of its fruits
(colour, soluble solid content and pH value), and plant
yield (tomato number). The tomato plants cultivated in
the soil fertilized with TF were able to improve their
metabolic process, increasing their photosynthetic res-
ponse with increasing turmeric concentration. The TF
allowed to regulate the nitrogen, phosphorus and po-
tassium levels in the crop soil and improved its moistu-
re-holding capacity. Increasing turmeric concentration
from 2.5 to 3.0% w/v, produced a more viscous and
stable fertilizer.
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