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Aeroponics is one of the advanced techniques to cultivate plants without soil with
minimal water and nutrient consumption. It is an eco-friendly approach widely
used for commercial cultivation of vegetables to obtain the supreme quality and
yield. In this context to harvest potentiality of the technology an experiment was
designed to standardize the pH of the solution for tomato. The experiment was
carried out under Completely Randomized Design (CRD) with three replications
during the year 2017-18 at UAS, GKVK Bengaluru. If optimum pH doesn’t
prevail in the medium, though the nutrients are present in sufficient amount they
will not be available to plants. Thus based on the earlier experimental results
Hoagland’s nutrient solution was prepared with five different levels of pH ranging
from 4.5 to 7.0 and studied till 30 DAT. Higher total seedling length was noticed
in pH 6-6.4 (118.4 cm) at 30 DAT followed by 5.5-5.9 pH range (115.9 cm) and
lower was recorded in 4.5-4.9 pH range (39.6 cm). Thus tomato performed better
in Hoagland’s nutrient solution at pH ranging from 5.5-6.5.

Introduction

A great challenge will be faced all over the
world concerning the feeding population from
6 to 9 billion by 2050 (Ditta et al., 2015).
About 40% of the population depends on
agriculture in the developing countries like
India; hence the agriculture can be considered
a backbone in these countries (Ramady et al.,

2018). Conventional farming techniques used
today involves irrigation of soil with large
amounts of water and fertilizer, spraying of
pesticides, and churning of the soil that
releases large amounts of greenhouse gasses
such as methane. In addition, farmers are at
the mercy of weather conditions, droughts,
and floods that may cause extensive damage
to their crops. Increasingly greenhouse
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farming and urban agriculture are being
looked at as more efficient and cost-effective
way to grow produce. Advanced technology
like soil-less agriculture would be near future;
these are the technology which could bring the
vertical growth in agriculture. In addition, the
growing season can be extended throughout
the year. Aeroponics is the process of
cultivating plants in an air or mist
environment without use of soil or an
aggregate media. This system consists of
enclosing the roots in a dark chamber and
supplying a nutrient solution using mist device
(Lakhiar et al., 2018). This is an alternative
method of soil-less culture in growth-
controlled environments. In the early 1940s,
the technology was largely used as a research
tool rather than an economically feasible
method of crop production. Carter (1942) was
the first researcher to studied air culture
growing and described a method of growing
plants in water mist to facilitate examination
of roots. Fifteen years after this study, Went
(1957) named the air-growing process in spray
culture as “aeroponics”.

Tomato (Solanum lycopersicum L.) a
solanaceous self-pollinated vegetable crop. It
occupies the largest area among the vegetable
crops in the world after potato. An intensive
breeding programme has since produced the
wide range of tomato -cultivars available
throughout the world today. The total global
area under tomato is 46.16 lakh ha and the
global production is to the tune of 1279.93
lakh tonnes and India contribute 7.3 % share
of world production and it occupies 789
thousand ha (Anon. 2018). But the
productivity of India (17 t ha™) is least when
compared to other countries viz., USA (66 t
ha®), Brazil (56 t ha™) and China (24 t ha™).
Thus, there is a need for development of better
performing system which could produce high
quality and better yield throughout the year
with the little interventions of environment
effect during seed production where is not

required, free from soil borne pest, diseases
and weeds and with minimal water use (65-70
% less), nutrient (30-50 %), zero herbicides.
Among factors affecting soil-less agriculture
production the nutrient solution is considered
to be one of the most important determining
factors of crop yield and quality. If optimum
pH doesn’t prevail in the medium, though the
nutrients are present in sufficient amount they
will not be available to plants. Thus an attempt
was made to standardization of pH through
this experiment.

Materials and Methods

The present investigation was carried out
during 2017-19, at National Seed Project,
University of Agricultural Sciences in
collaboration with BASF Nunhems Pvt Ltd.
Aeroponics enclosures of 450 mm X 650 mm
X 450 mm PVC boxes, integrated with motors
along with the two misters and one timer per
box to control the spray rate and an aluminium
L angle frame (22 mm X 40 mm) fabricated
above the box for staking purpose (Fig. 1 and
Fig. 2). The experiment in aeroponics contains
six chambers with the individual timer and
motor. Six plants were accommodated per
chamber, nutrient solution was sprayed to root
zone at an interval of 30:180 sec and 30:360
on and off cycle in morning and night
respectively.

Seeds were sown on coco-pith in portrays and
necessary seedling protections were taken and
watered regularly for twenty-eight days and
then transferred to the aeroponics chamber
with different pH in the solution. The selected
Hoagland’s nutrient solution was tested for
tomato in aeroponics with 5 different levels of
pH and tomato plants were monitored for
about 30 days to identify the optimum pH
based on the seedling performance. The pH of
nutrient solution was measured using pH
meter (potentiometric method) for every 6
days intervals (Jackson, 1958) and pH was

1112



Int.J.Curr.Microbiol. App.Sci (2019) 8(12): 1111-1118

adjusted when fresh nutrient solutions were
added to the system.

The experimental data was statistically
analysed by adopting Completely Randomized
Design (CRD) as per Sundararaj et al (1972)
adopting “Fisher Analysis of Variance
Technique” with the Critical difference (CD)
values were computed at 5 % level wherever F
test was significant.

Results and Discussion

Hoagland’s nutrient solution had prepared
with five different levels of pH ranging from
4.5 to 7.0 and studied till 30 DAT to identify
the best pH range for tomato hybrid seed
production. Number of leaves per plant varied
significantly on 10 DAT, it was found higher
for all the three levels >5.5 pH (10) and lower
was found for below 5.5 pH (9) and until 25
DAT all the 4 levels of pH was having on par
results but lower was recorded in pH 4.5-5.0.
There was an increasing trend for plant growth
parameters as the pH increased till 6.4. Shoot
length showed the significant difference from
5 days after transplanting and higher shoot
length was recorded for 6-6.4 pH (14.4, 22.9,
26.5, 34.6, 38.2 and 58.5 c¢cm) it was on par
with 5.5-5.9 pH (14.3, 20.0, 26.5, 33.1, 37.6
and 57.6 cm) and lower was recorded for 4.5-
49 pH (9.6, 11.0, 11.6, 13.1, 13.5 and 14.8
cm) at 5, 10, 15, 20, 25 and 30 DAT,
respectively. Similarly, higher root length at

30 DAT was also noticed in 6-6.4 pH (58.7
cm) it was on par with 5.5-5.9 pH (57.6 cm).
The plant growth rate was significantly higher
with 6-6.4 pH (1.16, 5.7, 1.3, 2.9, 1.8 and 5.6)
it was on par at 5.5-5.9 pH (0.9, 4.4, 1.8, 2.7,
1.8 and 5.4) and lower was noticed in 4.5-5
pH (0.48, 0.4 0.1, 0.8, 0.5 and 1.3) at 5, 10,
15, 20, 25 and 30 DAT respectively. Plant
spread was higher at 5.5-5.9 pH range (40.4
cm) found on par with 6.0-6.4 pH (39.4 cm)
and lower was recorded in 4.0-4.5 pH (16.2
cm) at 30 DAT.

The rhizosphere pH plays a key role in
deciding nutrient availability and in turn plant
growth and productivity. Manipulating pH
would be more feasible in soil-less culture
compared to soil medium (Silber and Bar-Tal
2008). But the fact is availability of nutrients
varies based on the pH of the nutrient solution.
If optimum pH doesn’t prevail in the medium,
though the nutrients are present in sufficient
amount they will not be available to plants.
Gericke (2007) indicated favourable pH range
of 5 to 6.5 for soil-less nutrient solution in
tomato production. According to Singh
(2013), plants can grow in soil-less within a
pH range of 5.8 to 6.8. He also reported that
the ideal pH range for tomato in hydroponics
is between 5.5 and 6.5. This is also stated by
Wan et al. (1994) Hojhabrian (2014) and
Dysko et al. (2015) in tomato (Table 1-3 and
Fig. 3 and 4).

Table.1 Different levels of pH tested for tomato

SI.No pH Range
4.5-4.9
5-5.4
5.5-5.9
6-6.4

6.5-7

g A W N
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Table.2 Seedling growth parameters (up to 15 DAT) as influenced by different pH for aeroponic
system in tomato

plant (cm)

.~ ADT
820 205 -

. 3671

5054 400 | 1150 @ 805
7.70
021

. 567 9.55
554 533 | 1425 990

600

567

. Ns
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Table.3 Seedling growth parameters (between 20, 25 and 30 DAT) as influenced by different pH
for aeroponic system in tomato

DAT: Days after transplanting

1115



Int.J.Curr.Microbiol. App.Sci (2019) 8(12): 1111-1118

Fig.1

e

' L |
‘» @ 7

PH 6570 ©pHG6064  pHS559 pH 5054  pH A4S

Fig 3: Effect of pH on fruit formation under aeroponic system i tomato
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Fig 4: Effect of pH on root growth at 15 DAT in tomato

Acknowledgement

We would like to express our sincere gratitude
for BASF Nunhems Pvt. Ltd. for providing
research material and being Partner Company
for the project. We would gratefully
acknowledge SERB and CII for selecting the
project for PM fellowship and also for the
Directorate of Research, UAS, GKVK,
Bengaluru for the financial support.

References

Anonymous, 2018, Annual report (2018).
Horticultural statistics at a glance.

Carter, W. A., 1942, A method of growing
plants in water vapour to facilitate
examination of roots. Phyto., 732: 623
- 625.

Ditta A, Arshad M, Ibrahim M (2015)
Nanoparticles in sustainable
agricultural crop production:
applications and perspectives. In:
Siddiqui MH et al (eds)
Nanotechnology and plant sciences.
Springer, Cham, pp 55-75.

Dysko, J., Kaniszewski, S., and Kowalczyk,
W., 2015, Lignite as a new medium in
soilless cultivation of tomato. J.
Elementology., 20 (3): 559-5609.

El-Ramady, H., Abdalla, N., Alshaal, T., El-

Henawy, A., Elmahrouk, M,
Bayoumi, Y., Shalaby, T., Amer, M.,
Shehata, S., Fari, M. and Domokos-
Szabolcsy, E., 2018.  Plant
nanonutrition: perspectives and
challenges. In Nanotechnology, Food
Security and Water Treatment (pp.
129-161). Springer, Cham.

Gericke, W.F., 2007, Soilless Gardening.
Biotech Books, Delhi, 285p.

Hoagland, D. R. and Arnon, D. I., 1950, The
water-culture method for growing
plants without soil. University of
California, Berkeley., 347:1-32.

Hojhabrian., 2014, Effect of different soil pHs
on the growth and proceeds of
Tomatoes., INAS, 3 (2): 145-147.

Jackson., 1958, Soil Chemical Analysis.
Prentice Hall Inc. New Jersey, 498p.

Komosa, A., Kleiber, T and Markiewicz , B.,
2014, the effect of nutrient solutions
on yield and macronutrient status of
greenhouse tomato  (Lycopersicon
esculentum Mill.) grown in aeroponic
and rockwool culture with or without
recirculation of nutrient solution. Acta
Sci. Pol. Hortorum Cultus., 13 (2):
163-177.

Lakhiar, I. A., Gao, J., Syed, T. N., Chandio,
F. A. and Buttar, N. A., 2018, Modern
plant cultivation technologies in

1117



Int.J.Curr.Microbiol. App.Sci (2019) 8(12): 1111-1118

agriculture under controlled
environment: A review on aeroponics.
J. Plant Interact., 13 (1): 338-352.

Otazu, V., 2010, Manual on quality seed
potato production using aeroponics.
International Potato Center.

Silber, A and Bar-Tal., 2008, Nutrition of
substrate  grown plants.  Soilless
culture: Theory and practice, 291-339.

Singh, D., 2013, Hydroponics (Soilless

Culture of Plants). Agrobios, 185p.

A. A, 1968, Soilless Culture,
Proceedings of the I[Pl 1968 6th
Colloguium of the Internacional Potash
Institute, p. 324-341.

Sundararaj, N., Nagaraju, S., Venkataraman,
M. N. and Jaganath, M. K., 1972,
Design  and analysis of field
experiment. Univ.  Agric.  Sci,
Bengaluru p. 165.

Taiz, L. and Zeiger, E. Plant Physiology.
Sinauer Associates, Inc. Publishers.

Steiner,

Sunderland, 1998. Massachusetts, U.
S. A

Tellez, T. and Merino, F. C. G., 2012, Nutrient
solutions for hydroponic systems.
Toshikia. China.

Tessema, L., Chindi, A., Gebremedhin, W. G.,
Solomon, A., Shunka, E. and Seid, E.,
2017, Determination of nutrient
solutions  for potato  (Solanum
tuberosum L.) seed production under
aeroponics production system. Open
Agric., 2 (1): 155-159.

Wan, W. Y., Cao, W. and Tibbitts, T. W.,
1994, Tuber initiation in
hydroponically grown potatoes by
alteration of solution pH. Hort. Sci., 29
(6): 621-623.

Went, F.W., 1957, The experimental control
of plant growth. The experimental
control of plant growth., 17.

How to cite this article:

Rajatha, K.D., S. Rajendra Prasad, M. Uadya Kumar and Nethra, N.M.N. 2019. Standardization
of pH of the Solution under Soil-less Agriculture System for Tomato (Solanum lycopersicum
L.). Int.J.Curr.Microbiol.App.Sci. 8(12): 1111-1118.

doi: https://doi.org/10.20546/ijcmas.2019.812.140

1118



https://doi.org/10.20546/ijcmas.2019.812.140

