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Soil infertility is a predominant factor in minimis-
ing production in tropical regions (Fiaz et al. 2021). 
Madura Island, Indonesia, has a high daily tempera-
ture, evaporation, salinity and a wide marginal area 
with low fertility. These constraints impede plant 
growth and production, including fruit quality, such 
as appearance, texture, taste and nutritional value 
(Jamaly et al. 2021).

In Indonesia, Physalis is commonly known as ciplu-
kan. It is a wild plant that has been consumed as 
fresh fruit and traditional medicine (Iwansyah et al. 

2020). Physalis originate from sub-tropical areas and 
have optimal growth at an altitude of 300–3 000 m 
a.s.l. and a temperature of 18–20 °C. Along with 
Solanaceae, such as Lycopersicum, Solanum and 
Capsicum, Physalis is a superfood with high eco-
nomic value (Muniz et al. 2014). These plants are 
efficacious in overcoming hypertension, diabetes, 
bacterial infections, inflammation, liver disorders, 
impaired kidney function, cancer and immunity. 
Physalis peruviana, P. ixocarpa and P. alkekengi are 
edible fruits with high bioactive compounds, such 

Enhancing fruit quality of three Physalis sp. throughout 
foliar nutrition
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Abstract: Foliar nutrients containing macronutrients, micronutrients and a combination of both were applied to 
Physalis peruviana, P. alkekengi and P. ixocarpa to determine their effect on fruit quality. A randomised complete 
block design study was conducted in a greenhouse on Madura Island, Indonesia. This study showed significant in-
teractions between Physalis species and foliar nutrition to the physicochemical character of the fruit. Each species 
responded differently to the given nutrients. The combination of 1 g/L macronutrient (P and K) and 0.0625 g/L 
micronutrients (Zn, Fe, Cu, B, Mo and Mn) resulted in the highest fruit antioxidant activity, vitamin C, total soluble 
solids and redness of the three Physalis species. Generally, macronutrients and micronutrients in combination can 
be recommended to increase the quality of Physalis fruit.
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as antioxidants and nutrients, including vitamins 
and minerals, compared to other Physalis species. 
In addition, P. alkekengi is an ornamental plant of 
this genus (Laczkó-Zöld et al. 2009, Shenstone et 
al. 2020). P. peruviana and P. ixocarpa can be pro-
cessed into various products, such as sauces, jam, 
syrup and yoghurt (Muniz et al. 2014). The business 
opportunities of these fruits are still open widely 
by utilising the marginal area. However, cultivation 
in the marginal area requires techniques adapted 
to environmental conditions, such as fertilisation.

Foliar nutrition raises the utilisation rate of nutrients 
used and overcomes sudden nutrient deficiencies. The 
main challenge of foliar nutrition is determining the 
optimal dose to meet nutritional needs without caus-
ing leaf damage (Fallahi and Eichert 2013). Therefore, 
this study aimed to determine the effect of a foliar 
nutrient on the fruit quality of three Physalis species. 
This research contributes to science through effective 
fertilisation technology for the Physalis species to di-
versify food and improve nutrition for marginal land.

MATERIAL AND METHODS

Plant material and growth conditions. The study 
was conducted in a private greenhouse on Madura 
Island (latitude –7.247652°, longitude 112.449176°) 
at 5 m a.s.l. in May–August 2001. The average rain-
fall was 91.1, 31.5, 21.7 and 14.0 mm, and maxi-
mum temperatures were 35.8, 34.7, 33.5 and 33.7 °C, 
respectively.  A plant was planted in polybags 
containing 10 kg of growing media consisting of 
Mediterranean soil, cow dung and husk charcoal 
(3 : 1 : 1). The characteristics of the media were pH 
7.3, 2.40% organic carbon, 0.31% total Kjeldahl N, 
14.40 mg POlsen/100 g, 14.33 mg K/100 g, 10.60 mg 
Fe/kg, 6.04 mg Mn/kg, 0.18 mg Cu/kg, 0.19 mg Zn/kg 
and 0.17 mg B/kg. The seeds of the Physalis species 
used were taken from local breeders. Compound 
fertiliser containing NPK (16 : 16 : 16) as much as 
3 g/plant was applied at transplanting time and 14 days 
later to provide basic nutrition.

Experimental treatment. A factorial randomised 
block design with four replicates was used in this 
study. Each replication consisted of four plants. 
The Physalis sp. species, namely P. peruviana L., 
P. alkekengi L. and the purple genotype of P. ixocarpa 
Brot., was the first factor. The type of foliar nutri-
ents was the second factor; it consisted of spraying 
water only as a control, macronutrients at a dose 
of 2 g/L, micronutrients at a dose of 0.125 g/L and 

a combination of macronutrients and micronutri-
ents at a dose of 1 g/L and 0.0625 g/L, respectively. 
Macronutrients contain 22.9% P and 28.2% K, while 
micronutrients contain 5% Zn, 2.5% Fe, 2% Cu, 2% 
B, 0.1% Mo and 7% Mn. The treatment was started 
10 days after transplantation and repeated every 14 
days for a cultivation period of 90 days.

Experimental methods. Ripe fruit based on the 
criteria of Souza et al. (2017) was harvested for meas-
urement of physical properties (fruit size, firmness 
and colour) and chemical properties (flavonoids, 
vitamin C, antioxidant activity, total titrated acid 
(TTA) and total soluble solids (TSS)). Five fruits 
were taken from each plant for analysis.

A digital calliper was used to measure the longi-
tudinal and transverse diameter of the fruit. The 
colour of the Physalis fruits was measured using 
a colourimeter (Konica Minolta, Chroma Meter-
CR-10, Tokyo, Japan) by evaluating the lightness 
(L*), redness (a*) and yellowness (b*) cartesian co-
ordinates. The L* axis ranges from no lightness (0) 
to the highest lightness (100). The a* axis ranges 
from green (–a) to red (+a). The b* axis ranges from 
blue (–b) to yellow (+b). The texture analyses were 
carried out using a Stable Micro Systems TA.XT 
texture analyser tool (Surrey, UK). The test condi-
tions consist of a 2 mm probe (P/2), a test speed of 
1.00 mm/s and a distance of 6 mm. The findings 
were processed using Exponent software TEE (Stable 
Micro Systems, Surrey, UK), and a texture profile 
was generated to determine fruit stiffness (strength 
on the highest peak).

Vitamin C analysis was conducted by dissolving 
0.5 mL of the filtered fruit juice with aquadest up to 
100 mL. Its absorbance was determined at 265 nm 
(Arayne et al. 2009). The flavonoid was determined by 
mixing 1 mL extract with 3 mL of methanol, 0.2 mL 
of 10% AlCl3, 0.2 mL of CH3COOK and 5.6 mL of 
aquabidest. The absorbance of the supernatant was 
measured at 495 nm (Chang et al. 2002). Antioxidant 
activity was expressed using a DPPH (2,2-diphenyl-
1-picrylhydrazyl) assay. The extract (1.0 mg/mL) was 
diluted in a 5 series solution concentration. A 2.4 mL 
solution was added to 0.6 mL of 50 mmol DPPH solu-
tion. After 30 min of incubation in a dark place, the 
absorbance was measured at 517 nm (A517). The DPPH 
scavenging activity percentage (%) was calculated using 
the formula = [(A517 of control – A517 of the sample)/
A517 of control] × 100. The result was then converted 
to IC50 (half maximal inhibitory concentration) (mg/
mL). The lower its value, the higher its antioxidant 
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activity (Gupta et al. 2014). TSS was assessed using 
a pocket digital refractometer (HT113ATC, Shandong, 
China) by placing a drop of fruit juice on the prism. 
TTA was evaluated by titrated filtrated fruit juice with 
0.01 mol/L NaOH and phenolphthalein as indicators 
(Horwitz and Latimer 2005).

Experimental design and statistical analysis. The 
data obtained were analysed with an analysis of variance 
(ANOVA) followed by the least significant difference 
(LSD) at P < 0.05. Statistical analyses were generated 
using the Statistical Tools for Agricultural Research 
(STAR) 2.0.2 application (Laguna, Philippines).

RESULTS AND DISCUSSION

The planting media used had moderate organic 
carbon, organic matter, N and K, low P levels and 
a deficit of micronutrients Zn, B and Cu based on 
the critical limit of soil nutrient content of Patil et 
al. (2016). Fertilisation is regarded as one of the most 
effective techniques for enhancing earnings from 
fruit tree cultivation (Brunetto et al. 2015). Genetics, 

cultivation management and the environment affect 
fruit quality (Jamaly et al. 2021). This study showed 
significant interactions between the Physalis species 
and foliar nutrition in the physicochemical character 
of Physalis fruit (Figure 1).

Each species responded differently to the longi-
tudinal and transverse diameters in foliar nutrition 
applications. This may be based on the availability of 
the most limiting nutrient for plant development and 
its efficiency in nutrient utilisation (Buss et al. 2018) 
(Figure 2). The largest P. peruviana fruit achieved 
using combined nutrients was 16.89 × 16.32 mm. 
This diameter was close to a previous study by Oliveira 
et al. (2016) of 16.90 mm. The diameter of P. alkekengi 
was not significantly different between the treatments. 
The largest average diameter was 12.10 × 12.72 mm. 
The largest diameter of the P. ixocarpa fruit was 
35.63 × 40.94 mm. This result was achieved using 
macronutrients that were not significantly different 
from the combined nutrients. This was 27% larger 
than the wild purple genotype of P. ixocarpa in the 
study of Pérez-Herrera et al. (2021).
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Figure 2. Effect of foliar nutrient on the diameter of Physalis fruit. Different letters indicate significant differ-
ences at P < 0.05
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Figure 3 shows that the micronutrients produced 
the highest firmness with 0.31 kg/cm2, 0.55 kg/cm2 
and 0.59 kg/cm2, respectively, for P. peruviana, 
P. alkekengi and P. ixocarpa. Boron on micronutrient 
application is involved in cell wall biosynthesis and 
membrane integrity (Al-Hajjaj and Ayad 2018). At 
certain concentrations, it also stimulates calcium 
transfer into fruit cell walls, enhancing fruit firm-
ness and storage life (Brunetto et al. 2015, Olmedo 
et al. 2021).

The results of the colour measurements showed that 
the highest L* of P. peruviana was obtained from the 
control with 34.67, the a* was not significantly dif-
ferent between all treatments and the highest b* was 
obtained from the combined nutrients with 45.43. The 
lightness and yellowness were below those of previ-
ous studies due to different environments, cultivars 
and cultivation practices (Oliveira et al. 2016). The 

highest L*, a* and b* of P. alkekengi were obtained 
from the combination-nutrient treatment with 29.63, 
17.33 and 34.97, respectively. The highest L* and b* 
of P. ixocarpa were obtained from the macronutrient 
treatment at 26.33 and 31.80, respectively, while the 
highest a* was obtained from the combined-nutrient 
treatment at 9.33. These results recorded lower light-
ness and higher redness than in a previous study.  
A deeper purple intensity was observed, which is related to 
a higher anthocyanin content (Pérez-Herrera et al. 2021).

TSS and TTA are fruit quality parameters that 
directly impact fruit taste. TTA is associated with 
fruit acidity, whereas TSS is proportional to the 
amount of sugar (Oliveira et al. 2019). In addition 
to antioxidant content and activity, combined nutri-
tion gave the highest TSS and lowest TTA (Figure 4). 
The lowest TTA of P. alkekengi and P. ixocarpa were 
0.11% and 0.10%, respectively, which led to low fruit 
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Figure 3. Effect of foliar nutrient on firmness and colour (lightness (L*), higher redness (a*) and yellowness (b*)) 
of Physalis fruit. Different letters indicate significant differences at P < 0.05

 

c 
c 

b 

a a 

a b 
b 

a 

b 
d b 

0

0.1

0.2

0.3

0.4

0.5

P. peruviana P. alkekengi P. ixocarpa

T
ot

al
 ti

tr
at

ab
le

 a
ci

d 
(%

) 

Control Macronutrients

Mikronutrients Combination nutrients

c 

c c 

b 

b b 

b 

b b 

a 

a 
a 

0

4

8

12

16

P. peruviana P. alkekengi P. ixocarpa

T
ot

al
 so

lu
bl

e 
so

lid
s (

ºB
rix

) 

Figure 4. Effect of foliar nutrient on total titratable acid and total soluble solids of Physalis fruit. Different letters 
indicate significant differences at P < 0.05
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acidity, except for P. peruviana. The lowest value 
was observed in the control, with a TTA of 0.10%. 
The highest TSS of P. peruviana, P. alkekengi and 
P. ixocarpa were 14.5, 8.0 and 9.0 °Brix, respectively. 
The study recorded a lower TTA and a lower TSS of 
P. peruviana and a higher TSS of P. ixocarpa than 
a previous study by Shenstone et al. (2020). Combining 
both nutrients plays an essential role in increasing 
sugar translocation and converting organic acids into 
sugars (Soliman et al. 2016, Al-Hajjaj and Ayad 2018).

Researchers are interested in increasing the con-
centration of natural plant antioxidants to improve 
fruit quality and produce plants with high-stress toler-
ance. Flavonoids and vitamin C are prominent plant 
antioxidants that play an essential role in reducing 
excessive ROS (reactive oxygen species) production 
(Venkatesh and Park 2014, Panhwar et al. 2015). 
P. peruviana has the highest antioxidant activity, flavo-
noid and vitamin C of 0.091 mg/mL, 4.45 mg quercetin 
equivalent (QE)/g extract and 19.29 mg/100 g, respec-
tively, obtained from combination nutrients (Figure 5). 
P. alkekengi has the highest antioxidant activity, flavo-
noid and vitamin C of 0.087 mg/mL, 11.59 mg QE/g 
extract and 19.29 mg/100 g, respectively, obtained 
from micronutrients. P. ixocarpa has the highest an-

tioxidant activity and vitamin C of 0.104 mg/mL and 
13.38 mg/100 g, respectively, obtained from combina-
tion nutrients and flavonoid of 5.12 mg QE/g extract 
obtained from micronutrients. Micronutrients act as 
cofactors for enzymes that regulate the activity and 
synthesis of antioxidant precursor amino acids. The 
use of micronutrients increases the absorption of 
macronutrients in rice (Panhwar et al. 2015). P and K 
are involved in three major metabolic pathways and 
plant regulatory factors (Soliman et al. 2016, Wei et 
al. 2021). Thus, P, K and micronutrients are essential 
combination nutrients to increase antioxidant content 
and activity. The results of this study have a higher 
vitamin C content and antioxidant activity than 
previous studies (Laczkó-Zöld et al. 2009, Iwansyah 
et al. 2020, Pérez-Herrera et al. 2021).

Exogenous plant nutrients are used to maintain 
plant production. A consistent supply of nutrients at 
optimal levels strengthens soils and plants’ nutrient 
status and health (Bana et al. 2022). Our findings 
indicate that there is an interaction between species 
treatment and foliar nutrition. The foliar application 
of macro and micronutrients in combined form and 
a proper dose improves the physicochemical quality 
of Physalis fruit.
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Figure 5. Effect of foliar nutrient on the antioxidant 
compound and activity of Physalis fruit. Different letters 
indicate significant differences at P < 0.05. QE – querce-
tin equivalent; DPPH – 2,2-diphenyl-1-picrylhydrazyl; 
IC50 – half maximal inhibitory concentration
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Experimental biology, agronomy, natural resources, and the environment; plant development, growth and productivity, breeding and seed production, growing of crops and their quality, soil
care, conservation and productivity; agriculture and environment interactions from the perspective of sustainable development. Articles are published in English.
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equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations

received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scientific influence of the average article
i j l it h t l t th l b l

Year Documents
1999 83
2000 86
2001 91
2002 91

The chart shows the evolution of the average number
of times documents published in a journal in the past

two, three and four years have been cited in the current
year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.181
Cites / Doc. (4 years) 2000 0.221
Cites / Doc. (4 years) 2001 0.216
Cites / Doc. (4 years) 2002 0.332
Cites / Doc. (4 years) 2003 0.308
Cites / Doc. (4 years) 2004 0.272
Cites / Doc. (4 years) 2005 0.430
Cites / Doc. (4 years) 2006 0.586
Cites / Doc. (4 years) 2007 0.613
Cites / Doc. (4 years) 2008 0.553

Total Cites  Self-Cites

Evolution of the total number of citations and journal's

self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is defined as the number of

citation from a journal citing article to articles
published by the same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document

and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External

citations are calculated by subtracting the number of
self-citations from the total number of citations
received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles

that have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country
address.

Year International Collaboration

Citable documents  Non-citable documents

Not every article in a journal is considered primary

research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial
research (research articles, conference papers and

reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 1999 224
Uncited documents 2000 209
Uncited documents 2001 203
Uncited documents 2002 195
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