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Abstract

Nutrient solution plays an important and essential source of nutrient for hydroponic crops. The
formulation of the nutrient solution, EC and pH, concentration, solution temperature are the major factors
influencing the quality of nutrient solution. Normally seventeen elements are considered essential for
most plants, those are carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magnesium,
sulphur, iron, copper, zinc, manganese, molybdenum, boron, chlorine and nickel. The carbon, hydrogen,
oxygen are received directly from atmosphere and other are to be supplied from the nutrient solution.

Keywords: Hydroponic nutrient, potassium, calcium

Introduction

Steiner, (1961) ¥4 stated that nutrient solution for hydroponic systems is an aqueous solution
containing mainly inorganics ions from soluble salts of essential elements for plants.
Eventually, some organic compounds such as iron chelates may be present. In 1938, Dennis R.
Hogland and Daniel I. Arnon at university of California developed water culture methods for
growing plants without soil, Pandey et al., 2009 [2], He shown that an essential element has a
clear physiological role and its absence prevents the complete plant life cycle. Salisbury Ross
(1994) reported that elements essential for most plants are carbon, hydrogen, oxygen, nitrogen,
phosphorus, potassium, calcium, magnesium, sulphur, iron, copper, zinc, manganese,
molybdenum, boron, chlorine and nickel. With the exception of carbon (C) and oxygen (O),
which are supplied from the atmosphere, the essential elements are obtained from the growth
medium. Trejo-Téllez et al. (2007) observed that elements such as sodium, silicon, vanadium,
selenium, cobalt, aluminum and iodine, are considered beneficial because some of them can
stimulate the growth. They can compensate the toxic effects of other elements, or may replace
essential nutrients in a less specific role. The most basic nutrient solutions considers in its
composition only nitrogen, phosphorus, potassium, calcium, magnesium and sulphur and they
are supplemented with micronutrients. McEvoy (2000) showed for non organic hydroponic
production the bulk of the plant nutrients are supplied in available forms and it is the
management of the fertilizers.

Electrical Conductivity & pH of the nutrient solution

The electrical conductivity and pH has paramount importance in formulation of the hydroponic
solution. Alberto et al. (2003) @ showed that the electrical conductivity and pH of nutrient
solution should be maintained between 2.6-3.4 mS cm™ and 5.6-6.0 respectively. Ahn and
Ikada (2004) ™ found that optimal pH of 5 to 7 and optimal concentration of nutrient solution
is ¥ to 1 unit of standard solution was found most suitable for hydroponic cultivation of
Chinese Chive. Urrestarazu (2004) [ observed the changes in the pH of a nutrient solution
depending on the difference in the magnitude of nutrient uptake by plants, in terms of the
balance of anions over cations. Samarakoon et al. (2006) 2 found that higher EC hinders
nutrient uptake by increasing osmotic pressure, whereas lower EC may severely affect plant
health and yield. Sonneveld & Voogt (2009) [FY reported that the nutrient composition
determines electrical conductivity and osmotic potential of the solution. The ideal EC is
specific for each crop and dependent on environmental conditions, however, the EC values for
hydroponic systems range from 1.5 to 2.5 ds m-1. Libia et al. (2012) 2 34 revealed that the
control of nutrient solution concentration, referred as electrical conductivity or osmotic
pressure, allows the culture of a great diversity of species. The accurate control of nutrient
supply to the plant represents the main advantage of soilless culture. The regulation of pH, root
temperature among other factors, leads to increased yield and quality. Anonymous (2015) [
observed that most of the principles applied to soil fertilizers also apply to hydroponic
fertilizer or nutrient solutions. The recommended pH for hydroponic agriculture is in between
5.5t06.5.
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This is because the overall availability of nutrients is
optimized at slightly acidic pH. The EC (electrical
conductivity) is also a limiting factor in plant production.
Each crop has a threshold at which water salinity will start
negatively affecting the produce. The optimal EC levels range
from 1.5 to 4 ds m™ according to crop and its sensitivity to
different salinity levels, managing and maintaining pH and
EC is a key component of successful hydroponic farming.
Maneejantra et al. (2016) '8 worked on an Enshi formula
solution which was having EC 2.2-2.4 dS m™. They noted
increasing trend of root fresh and dry weight was similar to
those of shoots due to nutrient solution, environmental
condition and hydroponic system. Jovicich and Cantliffe
(2000) ™ shown there was a positive linear relationship (r =
0.82) between the percentage of plants with epidermis
wounds and the EC. Kong and lersel (2009) ™ found that
plants fertilized with constant fertilizer concentration having
EC of 0.52 and 1.24 ds mwas estimated to be optimal for
Begonia and Petunia respectively. When leachate was
maintained at a constant EC 1.0 and 1.7 dS m? were
estimated to be optimal for Begonia and Petunia respectively.
Libia et al. (2012) [*3 34 showed that changes in the pH of a
nutrient solution depend upon the difference in the magnitude
of nutrient uptake by plants in terms of anions over cations.
The incorporation of ammonium as N source in the nutrient
solution regulates the pH. Ammonium depresses the pH of
nutrient solution even in the presence of nitrate. The pH
regulation is closely related to the concentration of HCO3™ and
COs% when an acid is applied. Electrical conductivity is also
modified by plants as they absorb nutrients and water from
the nutrient solution. The temperature of the nutrient solution
has a direct relation to the amount of oxygen consumed by
plants. There is inverse relation of temperature with oxygen
dissolved in solution. The solubility of fertilizers as well as
root uptake also gets affected by temperature of nutrient
solution. It was also found that the level of oxygen in nutrient
solution decreases below 3-4 mg. Lt which will inhibit root
growth and changes to a brown colour which is first symptom
of oxygen lack. Oxyfertigation is also used for nutrient
solution. They concluded that substrate under long cultivation
period causes increase of organic matter content and
microorganism activity which could lead to an increase of the
competition for oxygen in the root environment. Anonymous
(2015) B recommended the pH for hydroponic agriculture is
in between 5.5 to 6.5. This is because the overall availability
of nutrients is optimized at slightly acidic pH. The optimal EC
levels range from 1.5 to 4 ds m™ according to crop and its
sensitivity to different salinity levels. Soares et al. (2015) %
found in their experiment that the mean values of absolute
growth rate of shoot growth rate (AGR-SFM) and relative
growth rate (RGR-SFM) are function of the electrical
conductivities of water. The study concluded that increase in
the salinity caused linear reduction on the water consumption.

Osmotic potential and Drainage of nutrient solution

Trang et al. (2010) B3 concluded that growth of the two
brassica varieties was best at drained root conditions, while L.
sativa and |. aquatica grew best with half-flooded and flooded
roots respectively. Lopez-Pozos et al. (2011) I found that
inadequate oxygenation of the nutrient solution (NS) in
recirculating hydroponic systems leads to root hypoxia in
several plants as a result of low oxygen solubility. Hypoxia
affects crop nutrient and water absorption and results in
reduced crop yield. More rapid changes in NS were associated
with a higher quantity of dissolved oxygen. Park and Kurata
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(2019) used half strength Yamazaki nutrient solution with
micro and macro bubble treatment and results revealed that
pH, EC and ORP in the nutrient solution did not differ much
with generation of micro and macro bubbles. From this study
they also observed that significant increase in growth was in
the micro bubble condition where samples showed 2.1 times
greater fresh leaf weight and 1.7 times greater dry leaf weight
than the macro bubble sample. Leaf number, leaf length and
leaf width of lettuce grown in the macro bubble condition
were also significantly higher. This may be due to larger
specific surface area of micro bubbles. Negative electron
charges on micro bubble surface may help roots absorb
nutrient salts because micro bubbles can attract positively
charged ions. Mairton et al. (2016) [ evaluated the
hydroponic system under different intervals of nutrient
solution. The water consumption increased along freshwater
crop cycle while for brackish water consumption decreased up
to 33.10%. This is due to osmotic potential. Rafaela et al.
(2017) [81 revealed that the production during the lettuce
cultivation cycle reduced considerably with the increase in
electrical conductivity and ultimately osmotic pressure. The
exposure stress to saline condition interferes in fundamental
plant functions such as photosynthesis and protein synthesis.
The saline stress inhibits the plant growth by osmotic effect
restricting the availability of water besides nutritional
disorders. The hydroponic production of lettuce was
satisfactory in NFT system for electrical conductivity of
nutritive solution up to 3.5 ds m™.

Concentration of nutrient solution

Vernieri et al. (2006) 71 used 0.3v mL L* bio-stimulant
(Actiwave) with NS10% shown that yield was higher in
treatments with Actiwave of lower concentration. Kong and
lersel* (2004) 14 reported that shoot, total dry weight and leaf
area increased greatly with increasing nutrient solution
concentration from 0.125 to 1.0x while leaf photosynthesis,
transpiration and stomatal conductance decreased with
increasing nutrient solution concentration. They revealed that
1.0 to 2.0x concentration of Hoagland solution results in
maximum growth. The plant produces leaf area more
efficiently at high fertilizer concentration. Burnett et al.
(2008) B revealed that the plants fertilized with either highest
(80 mg. L) or lowest (0 mg. L) concentrations had
significantly shorter stems and smaller shoot dry weights and
leaf areas than plants fertilized with 20 to 60 mg. L P. Fan
flower fertilized with 0, 60 and 80 mg. L* had fewer
flowering branches and flowers compared with plants
fertilized with 20 to 40 mg. L™ P. Nada et al. (2010) [
suggested that the critical concentration of Boron in nutrient
solution is 4 ppm for long term hydroponic cultivation of
tomatoes. Renata et al. (2012) 7 found the plants fed with
the medium and highest doses of nitrogen had significantly
higher weight of fresh and air dry herb. Bever (2013)
observed that photosynthetic rate, evapotranspiration,
intercellular CO; concentration and chlorophyll content of
Beta Vulgaris were generally higher in treatment with
nitrogen which was readily available to plants. Mabako et al.
(2017) reported that plants fertigated at 25 nutrient solution
concentration had tendency towards lower marketable yield.
At 75 percent of the nutrient solution concentration increased
the total number of the fruit and vyield significantly as
compared to 25 percent nutrient solution concentration.
Among all treatments, highest total yield, plant fresh and dry
weight, highest marketable yields where no significantly
different at 50, 75 and 100 percent nutrient solution

~ 2096 ~


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

concentration respectively. The highest total yield and
marketable yield were obtained from plants grown at 75 and
100 percent nutrient solution concentration compared with 50
and 25 percent nutrient solution concentration.

Effect of nutrient solution on hydroponic crop production
Pardossi et al. (2011) 4 revealed that the closed system
reduced the use of water by 21 percent and nutrients by 17-35
percent and made it possible to carry out the cultivation
without any nutrient leaching. The water use, drainage and
crop uptake in closed system was 6831, 0 and 6831 m™ ha™.
The nitrogen, phosphorous and potassium use was reduced by
35, 20 and 17 percent and saving through leaching was 100
percent under closed system over open system. Suazo-Lopez
et al. (2014) B% reported that it is convenient to utilize the
nutrient solution at 75% in seven irrigations per day and
substratum volume of 10 L for tomato production in
hydroponics and greenhouse in order to obtain the highest
profit (73.9%). Duyar et al. (2016) [l concluded that half
strength nutrient solution decreased yield. Some savings could
be achieved in terms of nutrient solution consumed by the
plant with the negative impact on the environment.

Ednan et al. (2017) ©® concluded that fertigation management
through the control of the electrical conductivity of soil
solution M, or concentration of NO® and K* ions M
promoted higher production of bell pepper in protected
cultivation compared to the fertigation based on the rate of
absorption of crop Mj. The fertigation can be performed using
the managements control of the electrical conductivity of soil
solution or concentration of NO-3 and K* ions with NK doses
of 144 and 165% respectively of concentration recommended
for bell pepper in hydroponic system. Luisa et al. (2011) 1%
studied the corn salad plants grown at three root temperatures
(15, 20 and 25 °C) in a floating system. Nutrient solution was
renewed weekly and kept aerated while at 20°C for all
treatments. The results revealed that growing conditions at
20°C of the nutrient solution lead to the best plant
performance in terms of yield, nitrate content at leaf level,
root biomass, leaf area and greenness with positive effects on
post-harvest quality. At this temperature condition of the
nutrient solution, it has also been observed an enhanced
functionality of mechanisms involved in the acquisition of
nutrients like NO, Fe and SO,* which are known to play
important role in nitrate levels in root tissues for crop. The
study concluded that level of growing medium temperature
close to that of the surrounding air seems suitable. Park and
Kurata (2019) observed that significant increase in growth
was in the micro bubble condition where samples showed 2.1
times greater fresh leaf weight and 1.7 times greater dry leaf
weight than the macro bubble sample. Leaf number, leaf
length and leaf width of lettuce grown in the macro bubble
condition were also significantly higher. This may be due to
larger specific surface area of micro bubbles. Negative
electron charges on micro bubble surface may help roots
absorb nutrient salts because micro bubbles can attract
positively charged ions. Ferguson et al. (2014) P! revealed
that continuous flow system allows refreshing of the nutrient
solution at the root rapidly, allowing rapid uptake of nutrients
without a large investment in root biomass. The study
concluded that continuous flow systems allow lower levels of
nutrients to be used with decreased costs and waste. Pardossi
et al. (2011) ¥ conducted experiment on tomato in open and
closed hydroponic system. From the study they revealed that
the application of closed system reduced the use of water by
21 percent and nutrients by 17-35 percent and made it
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possible to carry out the cultivation without any nutrient
leaching, which was massive in open culture. It was also
found that the commercial yield of 19.9 and 29.6 kg m2 was
found under open and closed system respectively. Similarly
TSS was found 4.4 and 4.5 under open and closed system
respectively. The water use, drainage and crop uptake in open
system was 8632, 1682, 6950 while closed system shown
6831, 0 and 6831 m3 ha' respectively. The nitrogen,
phosphorous and potassium use was also reduced by 35, 20
and 17 percent and saving through leaching was 100 percent
under closed system over open system. The crop uptake of
nitrogen, phosphorous and potassium was increased by 22, 12
and 4 percent under open system respectively. Orsini et al.
(2010) used for study La Molina nutrient solution. The results
of study shown that by using floating hydroponic system of 1
m?, yield of Lettuce (51.4 kg m? yr?), Radish (32.0 kg m?2 yr
1), Garden beet (21.6 kg m? yr) and Leaf beet (14.4 kg m™
yr?) can be produced.

Management of nutrient solution

Wang et al. (2017) B8 studied the practical buffer agent
capable of effectively regulating the pH level of hydroponic
nutrient solution and promoting the plant growth. The study
concluded that among the five treatments, the mixed acids
treatments followed by HNO; treatment had highest plant
height, fresh weight of water spinach. Rodriguez-Ortega et al.
(2017) 81 observed the combined influence of the toxicity,
osmotic effect, and nutritional imbalance seems to have been
responsible for the yield loss. Chen et al. (2008) [ the
reservoir solution pH was adjusted by manually adding base
(NaOH) or acid (H2S0a4) solutions. The results of the designed
experimental setup revealed that, during these experiments
there was no overfilling of the reservoir tank, no spills from
drip emitters, fewer maintains, no algae growth thus
improvements solved the problems with previous system and
enhanced the overall performance of the hydroponic research
system. Tellez and Marino (2012) showed that in the nutrient
solution parameters such as temperature, pH, electrical
conductivity, oxygen content, among others can be
manipulated. If these parameters are not controlled properly
and in timing, advantage can be translated into disadvantages.

Conclusion

These research papers clearly states that the soilless
cultivation and nutrient solution allows a more accurate
control of conditions that offers possibilities for increasing
production and improving quality of crops. In addition to
regulation of pH and EC, concentration, root temperature, the
solution quality management needs to be regulated which
leads to increased yield and quality. The study reported that
proper formulation and management of the nutrient solution is
the key of success for hydroponic crop production.
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