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ABSTRACT

Aims: The present work aims to assess hydric stress tolerance in cocona (Solanum sessiliflorum).
Study Design: Four cocona genotypes were planted in completely randomized blocks design with
three replicates. Each replicate was irrigated with different water volumes, tantamount to 50, 100
and 150% of evapotranspiration (ET) respectively.

Place and Duration of Study: The present study was developed in National Institute of Amazonian
Research at the agricultural experimental station, which is located on Km 14 AM-10 roadway, from
September 2013 to April 2014.

Methodology: The fruits were harvested each 15 days by three months. The assessed characters
were plant stand, stem diameter, plant height, fruit yield, number of fruits per plant; fruit mass,
length, diameter and length/diameter ratio.

Results: Irrigation treatments, both 50 and 150% ET, reduced height plant, fruit mass and length.
Other characters were no affected by the hydric stress.

Conclusion: Cocona is tolerant to both hydric stress, being the major hydric stress effect fruit size
and mass decreasing. Other studies must to be performed to determinate the hydric stress
threshold which lead to decrease fruit yield and dead plant.

*Corresponding author: E-mail: cesar.benavente@inpa.gov.br, cesar.benavente@gmail.com;
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1. INTRODUCTION

Cocona (Solanum sessiliflorum Dunal) belongs
to Solanaceae family and Lasiocarpa section.
This section holds 13 cultivate species
distributed from northern Andes region to
Amazon. Cocona is distributed in the Amazon
region, which includes Peru, Ecuador, Brazil,
Colombia and Venezuela [1, 2]. This region
presents heavy high rainfall (>2500mm). But
recently an interest has recently been
demonstrated on having this species grown
under subtropical conditions with lighter rainfall.
In the future, perhaps it will be adapted in a
greenhouse system. Thus, hydric tolerance
studies in cocona are need to face future cocona
cultivation challenges.

Cocona is also well adapted to an acid, low
nutrient soil and high temperatures [3]. Its fruits
look resemble tomato and its plant architecture is
like that a large-leafed eggplant. Its fruit tastes
like a citric fruit combination. It is used for making
ice cream, juice [2], meat dishes, sauce, jelly and
desserts [3].

Cocona researches have focused on assessing
genotypes [3,4], outcrossing rate studies [3, 5, 6],
chemical characterization for food processing
industry [7,8]. However, there is paucity of
regarding its physiology; especially on what
concern hydric tolerance. In spite of this fact,
there are some studies on eggplant hydric
tolerance. These studies can be help to
understand hydric tolerance in cocona, on
account of, both species being phylogenetically
related [9].

In  eggplant, irrigaton  with  85%  of
evapotranspiration (ET) had no effect on fruit
yield, but 65% and 40% one reduced it by 35 and
46% respectively [10]. Water management can
be raise fruit yield and quality of several species
[11-14]. Therefore, cocona hydric stress studies
can help to manage irrigation of this species,
specially, during dry season in the Amazon (June
to October).

The present paper aim to assess the hydric

stress effect on fruit yield by over and under
irrigating cocona, 150 and 50% ET respectively.

2. MATERIALS AND METHODS

The experiment was conducted in greenhouse at
INPA experimental field “Dr. Alejo von der

Pahlen” (02° 59'48.2” S and 60° 01’ 22.4” W),
during September 2013 to April 2014. The mean
annual rainfall was 2450 mm (mainly from
November to June) [15] and mean temperature
27°C. The soil was non-flooded land, red-yellow
argisoil, sandy texture and pH=6.0. This is a
typical Amazon soil, which is poor in organic
material; therefore, it was fertilized using 2 kg of
compost per plant.

Cocona genotypes were CUB-10, CUB-11, CUB-
12 and CUB-13. These genotypes were
originating from Santa lIsabel do Rio Negro
municipality, Amazonas State (00° 24’50” S; 65°
01’ 08” W), from Acariquara, Abianai, Matozinho
and Nararé do Enuixi cities, respectively.

The genotypes were planted in a completely
randomized block design with three replications.
Each replication was irrigated with one type of
irrigation regime, which were 50, 100 (control)
and 150% of evapotranspiration (ET). The fruits
were harvested during three months and
assessed characters were stand of plant, stem
diameter (cm), plant height (cm), fruit yield (t.ha
"), number of fruits per plant, fruit mass (g),
length (cm), diameter (cm) and length/diameter
ratio.

The drip irrigation system combining with
evaporation data were used to adjust daily water
quantity in each block. We used three type of
drip irrigation lines, which had emitters spaced in
10, 20 and 40 cm. The climatic data and
evapotranspiration are presented in Table 1. The
climatic data were obtained using digital
termohygrometer Incoterm®. The
evapotranspiration was estimated via
Ivanov equation:

(ET)

ET=0.006 x (25+T)2 x (1-RH/100) x Kc

ET= Evapotranspiration (mm.day’1), T=Mean
temperature (°C), RH=Relative humid, Kc= Crop
coefficient, which has four values, depending of
growing stage. This coefficient (Kc) was adapted
from eggplant [16].

Data were submitted to analysis of variance, and
Duncan test (P<0.05) using SAS Software, and
procedure PROC GLM. In addition, it was made
quadratic equations to predict characters
behavior. The equation vertex was estimated by
—b/(2a), which indicates the equivalent irrigation
that maximize fruit mass, number per plant and
yield.
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Table 1. Temperature, relative humid, and evapotranspiration per month. Manaus 2013-2014

Month Temperature Relative humid Evapotranspiration Rainfall
(°C) (%) (mm/day) (mm/day)
2013
Sep 35.8 77 4.04 0.89
Oct 32.8 52 7.66 4.51
Nov 31.3 51 5.75 12.00
Dec 31.9 46 6.48 4.22
2014
Jan 31.4 46 5.99 7.60
Feb* 30.2 51 4.86 9.10
Mar* 29.9 57 4.59 13.95
Apr* 31.4 51 5.60 10.86

*The fruit harvests were performed during these months

To show the relationship among characters and
irrigation treatments was make a biplot graphic
using GGEBiplotGUI package in R software (R
Core Team). For this purpose, the data were
scaled by standard deviation of each character.

3. RESULTS AND DISCUSSION

We had found no previous studies on cocona
hydric stress, but there are in other Solanaceae
such as tomato [17], hot pepper [18] and

eggplant [19]. In them, the evapotranspiration
(ET) method seems appropriate to measure the
effect of hydric stress.

Equivalent irrigation to 100% ET indicates that
irrigation restores evaporated water. Thus, water
quantity above or below 100% ET would be lead
to hydric stress. The irrigation accuracy based on
ET was observed through Biplot analysis [“which
won where what” method] (Fig. 1), where 50, 100
and 150% ET were far apart from each other with

150% ET

PC2 21.9%

50% ET

Fruit.number.per.plant

100% ET

. Fruit mass
.
Stand of plant

PC178.1%

Fig. 1. Biplot graphic shows a relationship among irrigation volume and morphological
characters by “which won where what” method



all high-valued characters associated with 100%
ET. In other words, it would indicate 100% ET to
be optimal to maximize every character
expression. Far apart points indicated the
contrasting effect of irrigation treatments on
characters. Therefore, this irrigation
management showed to be optimal to assess
hydric stress. In addition, these results suggest
that eggplant crop coefficient may be used in
Ivanov equation. Probably eggplant and cocona
have similar physiology, on account of both are
similar phylogenetically [9].

Eleven t.ha™' was the maximum fruit yield, which
is very low comparing with other studies. Silva
Filho and Yuyama [4] reported fruit yield from 40
to 100 t.ha” in Manaus. Low fruit yield may be
accounted for by the fruits having to be
harvested for three months, due Sclerotium rolfsii
infestation. Normally, the harvesting is performed
following four to five months. Nevertheless, the
results were sufficient to show the effect of hydric
stress on early yield.

The findings showed significant effect of both
hydric stresses (50% and 150% ET) mainly on
plant height, fruit mass and length (Table 2).
However, it was found no significance difference
to stand of plants, stem diameter, fruit yield, fruit
number per plant, fruit diameter and
length/diameter ratio (Table 2). Therefore
irrigation of 50% and 150% ET would be utilized
without decrease the potential fruit yield.

Generally, hydric stress led to the decrease of
cocona growing and developing. Over and under
irrigation, 150 and 50% ET, decreased fruit mass
by 30 and 13% respectively. Plant height
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decreased by 5 and 8% respectively. Fruit length
decreased 8 and 6% respectively. Despite
irrigation  treatments having presented no
significant differences on the fruit yield, they
presented a tendency to lower it by 31 and 25%
respectively. These facts would support the
former observation of Silva Filho [20], which over
irrigation would decrease  fruit  vyield.
Comparatively, these yield decreases are minor
than in eggplant [10], which were 35% for 60%
ET. It suggests cocona has more tolerance to
hydric stress that it.

On the other hand, cocona genotypes showed
difference in fruit mass, length and L/D ratio
(Table 3). Indicating there to be genotypic
diversity. Therefore, these results concerning
hydric stress may be valid to cocona species.

Usually, quadratic equations are used to find
maximum yield points [21]. Fruit mass and
number of fruits per plant had quadratic behavior
(Fig. 2).

In the same Figure is showed fruit mass is
more sensible to hydric stress while fruit
numbers per plant is more stable. The vertex
equation shows the high fruit mass and fruit
number per plant would be found at91 and 125%
ET respectively. In other words, irrigations from
50 up to 91% ET tend to increase both fruit mass
and fruit number. Irrigations from 91 up to 125%
ET tend to reduce the fruit mass, but to increase
fruit number per plant. Irrigations from 125 up to
150% ET decrease both characters. This
quadratic behavior was observed in “gigante
cocona” [22].
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Fig. 2. Quadratic behavior of fruit mass and fruit number per plant for different irrigation
volumes in cocona
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Table 2. Duncan test for irrigation regime of 50, 100 and 150% of evapotranspiration (ET) considering various fruit characters. Manaus 2013-2014

Irrigation based Plant Stem diameter Plant height Frmtyleld Fruits Number per Fruit mass Fruit length [L] Fruit diameter L/D ratio
on ET (%) stand (cm) (cm) (t.ha™) plant (9) (mm) [D] (mm)

50 453 39a 128.5b 79a 71a 132.4 ab 625b 59.0 a 1.04 a
100 48a 4.2a 140.3 a 10.6 a 8.6a 1534 a 68.6 a 61.7 a 1.19 a
150 40a 39a 132.8 ab 7.3a 8.6 a 107.4 b 64.6 ab 60.0 a 1.07 a

"Means with the same letter in the column are not significantly different (P> 0.05)

Table 3. Duncan test for cocona genotypes considering various fruit characters. Manaus 2013-2014

Genotype Plant number Stem diameter Plant height Frmtyleld Fruits number Fruit Fruit length [L] Fruit diameter L/D ratio
per plot (cm) (cm) (t.ha™) per plant mass (g) (mm) [D] (mm)

CUB-10 43a 42a 130.3 a 8.1a 7.7a 157.7ab 713 ab 67.9 a 1.04 ab

CUB-11 43a 39a 1376 a 104 a 10.5a 164.8ab 795a 64.3 a 1.23 a

CUB-12 50a 3.8a 134.4 a 11.0a 92a 182.4 a 83.1a 67.3 a 1.23 a

CUB-13 4.0a 40a 133.1a 54a 51a 140.6 b 62.0b 69.2 a 0.90b

"Means with the same letter in the column are not significantly different (P> 0.05)
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Fig. 3. Quadratic behavior of fruit mass and yield for different irrigation volume in cocona
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On the other hand, when fruit mass was
compared with fruit vyield (Fig. 3) was
observed fruit mass is more sensitive to the
hydric stress than fruit yield. Vertex equation
showed that around 98% ET led to high fruit
yield.

Since genotypic point view there was genetic
variability for fruit mass (140.6 — 182.4 g), fruit
length (62.0 — 83.1 mm) and length diameter
(L/D) ratio (0.9 — 1.2). CUB-12 showed the
highest fruit mass (182.4 g) with elongated
fruits and yield of 11 t ha (Table 3). In contrast,
CUB-13 showed the lowest values to fruit mass
(1410.6 g) with flat-round fruits and yield of 5.4 t
ha™.

Biplot analysis (Fig. 4) accounted for the 99% of
variation. It indicates the interpretations are
highly reliable. The vectors represent each
character and their direction the behavior. Thus,
the biplot analysis is doing by vectorial
comparisons. All vector directions were
predominantly towards 100% ET. It shows a
positive association between 100% ET with all
high values of characters, in other words, this
irrigation level increased all character values. In
contrast, 50 and 150% ET negatively affected the
character expression.

However, 50% ET would be slightly associated
with high plant stand and fruit mass. At the same
time, 150% ET would be associated with high
fruit number per plant, which is agreeing with
maximum quadratic curve point estimated by
vertex formula (125% ET).

4. CONCLUSION

Cocona is tolerant to hydric stress both
excessive irrigation and its shortage. |lts
characters more sensible to this stress were
plant height, fruit mass and length.

Further studies will have to be conducted in
order to test more extreme hydric stress, such as
25 and 175% of evapotranspiration, considering
different phases of growing: seedling, vegetative
and reproductive phase.

ACKNOWLEDGEMENTS

We thank INPA for their logistic support of this
work. The first author thanks Instituto Federal de
Educacgéo, Ciéncia e Tecnologia do Amazonas
for the paid qualification leave.

Lima et al.; JEAI, 40(3): 1-8, 2019; Article no.JEAI.51181

COMPETING INTERESTS

Authors have declared that

interests exist.
REFERENCES

1. Schuelter AR, Grunvald AK, Amaral Junior
AT, da Luz CL, Luz CL, Gongalves LM, et

no competing

al. In vitro regeneration of cocona
(Solanum  sessiliflorum,  Solanaceae)
cultivars for commercial production.

Genetics and Molecular Research. 2009;
8(3):963-75.

2. Melgarejo TA, Fribourg CE, Russo M.
Properties of a tombusvirus that infects
cocona (Solanum sessiliflorum) in the
Peruvian jungle. Journal of Plant
Pathology. 2003;85(2):105-10.

3. Salick J. Crop Domestication and the
Evolutionary Ecology of Cocona (Solanum
sessiliflorum Dunal). In: Hecht M, Wallace
B, Macintyre R, editors. Evolutionary
Biology, New York. Plenum Press. 1992;
26.

4. Silva Filho DF, Yuyama LKO, Aguiar JPL,
Oliveira MC, Martins LHP. Caracterizagao
e avaliacdo do potencial agronémico e
nutricional de etnovariedades de cubiu
(Solanum  sessiliforum  Dunal) da
Amazobnia. Acta Amazobnica. Portuguese.
2005;35(4):399-406.

5. Paiva WO. Taxa de polinizagdo cruzada
em  cubiu. Pesquisa  Agropecuaria
Brasileira. Portuguese. 1999;34(1):145-49.
DOLl: http://dx.doi.org/10.1590/S0100-
204X1999000100020

6. Pizzinato JR, Shuelter AR, Junior ATA,
Rocha ACS, Silva JM, Volkweis CR, et al.
Crossing and diagnostic methods of cubiu
hybrid plants based on genetic markers.
Crop Breeding and Applied Biotechnology.
2008;8(4):283-90.

DOI: 10.12702/1984-7033.v08n04a05

7. Pires AMB, Silva PS, Nardelli PM, Gomes
JC, Ramos AM. Caracterizagdo e
processamento de cubiu (Solanum
sessiliflorum). Revista Ceres. Portuguese.
2006;53 (307):309-16.

8. Yuyama LKO, Macedo SHM, Aguiar JPL,
Filho DS, Yuyama K, Favaro DIT, et al.
Quantificagdo de macro e micro nutrientes
em algumas etnovariedades de cubiu
(Solanum  sessiliforum  Dunal). Acta
Amazbnica. 2007;37(3):425-430.

DOLl: http://dx.doi.org/10.1590/S0044-
59672007000300014



10.

11.

12.

13.

14.

15.

Bohs L. A chloroplast DNA phylogeny of
Solanum section Lasiocarpa. Systematic
Botany. 2004;29(1):177-187.
DOl:https://doi.org/10.1600/036364404772
974

Chartzoulakis K, Drosos N. Water use and
yield of greenhouse grown eggplant under
drip irrigation. Agricultural Water
Management. 1995;28(2):113-120.

DOI: https://doi.org/10.1016/0378-
3774(95)01173-G

Gao QH, Yu JG, Wu CS, Wang ZS, Wang
YK, Zhu DL, et al. Comparison of drip, pipe
and surge spring root irrigation for Jujube
(Ziziphus jujuba Mill.) fruit quality in the
Loess Plateau of China. Plos One. 2014;
9(2):e88912.
DOl:https://doi.org/10.1371/journal.pone.0
088912

He H, Ma F, Yang R, Chen L, Jia B, Cui J,
et al. Rice performance and water use
efficiency under plastic mulching with drip
irrigation. Plos One. 2013;8(12):e83103.
DOl:https://doi.org/10.1371/journal.pone.0
083103

Aujla MS, Thind HS, Buttar GS. Fruit yield
and water use efficiency of eggplant
(Solanum melongena L.) as influenced by
different quantities of nitrogen and water
applied through drip and furrow irrigation.
Scientia Horticulturae. 2007;112(2):142-48.
DOI: 10.1016/j.scienta.2006.12.020
Leogrande R, Lopedota O, Vitti C,
Ventrella D, Montemurro F. Effects of
irrigation volumes and organic fertilizers on
eggplant  grown in Mediterranean
environment. Acta Agriculturae
Scandinavica, Section B — Soil and Plant
Science. 2014;64(6):518-28.

DOI: 10.1080/09064710.2014.927526
Alvares CA, Stape JL, Sentelhas PC, de
Moraes JLG, Sparovek G. Koppen's
climate classification map for Brazil.
Meteorologische Zeitschrift. 2013;22(6):
711-28.

DOI: 10.11.27/0941-2948/2013/0507

17.

18.

19.

20.

21.

22.

Lima et al.; JEAI, 40(3): 1-8, 2019; Article no.JEAI.51181

Marouelli WA, Silva WLDC, Silva
HRD. Irrigagdo por aspercdo em
hortalicas. Brasilia DF: Embrapa
Informagcdo  Tecnoldgica.  Portuguese;
2008.

Argerich CA, Poggi LM, Lipinski VM. The
influence of poultry manure and irrigation
during fruit-setting critical period on
processing tomatoes. Acta Horticulturae.
1999;487(1):557-62.

DOI: 10.17660/ActaHortic.1999.487.91
Guang-Cheng S, Na L, Zhan-Yu Z,
Shuang-en Y, Chang-ren C. Growth, yield
and water use efficiency response of
greenhouse-grown hot pepper under time-
space deficit irrigation. Scientia
Horticulturae. 2010;126(2):172-79.
DOI:10.1016/j.scienta.2010.07.003
Bletsos FA, Thanassoulopoulos CC,
Roupakias DG. Water stress and
verticillium  wilt severity on eggplant
(Solanum melongena L.). Journal of
Phytopathology. 1999;147(4):243-48.
DOLl:https://doi.org/10.1046/j.1439.1999.14
7004243.x

Silva Filho DF. Cocona (Solanum
sessiliflorum Dunal): Cultivo y utilizacion.
Caracas: Tratado de  Cooperaciéon
Amazodnica. Spanish; 1998.

Marouelli WA, Silva WLC. Irrigagdo por
gotejamento do tomateiro industrial
durante o estadio de frutificacdo, na regiao
de Cerrado. Horticultura Brasileira.
Portuguese. 2006;24(3):342-46.

DOI: http://dx.doi.org/10.1590/S0102-
05362006000300014

Garcia A, Barreira J, Vargas G, Melgarejo
LM, Hernandez MS, Quintero L, et al.
Ecofisiologia y respuestas al ambiente de
produccién de cocona (S. sessiliflorum) en
la Amazonia norte, in: Garcia JAB, Gémez

MSH, Melgarejo LM, (Eds.), Estudios
Ecofisiologicos en la Amazonia
Colombiana. 2, Cocona. Instituto

Amazobnico de Investigaciones Cientificas-
Sinchi. 2001;77-92.

© 2019 Lima et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle3.com/review-history/51181




