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Abstract

A soilless method known as hydroponic farming offers fresh veggies in harsh environmental conditions
on a limited amount of arable land. This study evaluates the impact of varying electrical conductivity
(EC) levels (1.7-1.8, 2.0-2.1, 2.2-2.3 mS/cm) on spinach (Spinacia oleracea) growth in a Nutrient Film
Technique (NFT) hydroponic system. Optimal growth, including height, leaf number, biomass, and
yield, occurred at 2.0-2.1 mS/cm, outperforming low EC (nutrient deficiency) and high EC (osmotic
stress). Study shows importance of maintaining optimum EC ranges and nutrient balance for
hydroponics vegetable production.
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1. Introduction

Spinach (Spinacia oleracea L.) is an annual cool-season crop commercially produced using
seeds in dry soil either in hills or disseminated. It is most important vegetable crops with
shallow roots and leaves. Fresh, steamed, quickly cooked, frozen, and canned spinach leaves
are exceptionally high in nutrients. Furthermore, it is regarded as a good source of dietary
fibers, minerals (potassium, calcium, magnesium, iron, manganese, and selenium), and
numerous vitamins (A, B2, B6, B9, C, E, K, and folate), it is abundant in flavonoids, p-
coumaric acid derivatives, and uridine. These compounds have been shown to have anti-
oxidative qualities crucial for maintaining human health (Bergman et al., 2001; Bergman et
al., 2003; Cho et al., 2008; Zikalala, 2014) = 2 0 Due to its effective use of natural
resources, particularly in regions where soil and water constrain plant development,
hydroponic agriculture is gaining popularity globally (Khan, 2018; Seerat Jan et al., 2020;
Prakash et al., 2020) [5- 8 9, |t also contributes to the fight against climate change and yields
high-quality food (Barrett et al., 2016; Martin & Molin, 2019) 71,

Material and Methods

The experiment was conducted to study the effect of different electrical conductivity (EC)
levels on spinach growth using a Nutrient Film Technique (NFT)-based hydroponic system.
Three independent NFT systems were established, each consisting of a 20-liter nutrient
solution reservoir, submersible pump, and NFT channels. Spinach seedlings of uniform size
and age were transplanted into each system. All treatments received the same nutrient
formulation; however, different EC levels were maintained in each system. The experiment
was conducted under controlled environmental conditions. Plant growth parameters were
periodically recorded to assess the response of spinach plants to varying EC levels.

Table 1: Experiment Trial

Experiment Trial EC Range (mS/cm) Description
1 1.7-1.8 Low EC
2 2.0-2.1 Medium
3 2.2-2.3 High EC
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Table 2: Nutrient Management
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Macronutrients (ppm) Micronutrients (ppm) Fertilizers Used
N=162 Fe=2.5 Calcium nitrate (Ca(NO3 ), )
P=50 Mn=0.8 Potassium nitrate (KNO3 )
K=230 Zn=0.08 Mono potassium phosphate (KH, PO, )
Ca=140 Cu=0.05 Magnesium sulphate (MgSO, )
Mg=50 B=0.5 Micronutrient mix (EDTA-based)
S=70 Mo=0.05

Result & Discussion

1) Optimal ec range (EC 2.0-2.1 m S/cm)

The best growth and leaf development were observed at EC
2.0-2.1 m S/cm. Plants in this range showed vigorous
growth, dark green leaves, balanced nutrient uptake, and
healthy root systems .

2) Low EC (1.7-1.8 m S/cm)

At EC 1.7-1.8 m S/cm, plants survive and grow, but
vegetative growth is limited and biomass accumulation is
low. Plants did grow, but growth rate was slower compared
to the optimal EC (2.0-2.1 m S/cm). You would typically
observe increase in height (elongation) but less vegetative
development meaning smaller, fewer, and thinner leaves. At
low EC, the nutrient concentration in the solution is too low,
so plants can’t take up essential elements. As a result,
spinach tries to stretch upward to search for more light and
nutrients (slight height increase), but leaf size, color, and
biomass remain low.

3) High ec (2.2-2.3 m S/cm)

Plants showed wilting, pale leaves, and leaf-edge burn,
suggesting nutrient stress and reduced magnesium (Mg)
uptake caused by competition from excess Ca?* and K*
ions. When EC rises above the optimal range for spinach,
water and nutrient uptake slow down. Osmotic stress is the
stress on plants that happens when the concentration of salts
(EC) in the root zone is too high, making it difficult for
roots to absorb water and nutrients through osmosis.

Similar findings have been reported by Cees Sonneveld and
Wim Voogt (2009) 21 and Youssef Rouphael and Giovanni
Colla (2005) ', who explained that elevated EC levels in
hydroponic systems can cause osmotic stress, leading to
reduced water and nutrient uptake and ultimately affecting
plant growth and yield. Excessive salt concentration may
also result in nutrient imbalance, which can manifest as
physiological disorders such as leaf burn and chlorosis.

Table 3: Spinach ec trial-visual observation table

EC Range 1.8-1.9 (mS/cm) 2.0-2.1 (mS/cm) 2.2-2.4 (mS/cm)
Week 1 Light green, small leaves, slow start. Healthy light-medium green leaves, Healthy plants but slight stress visible.
balanced uptake.
Week 2 Pale leaves, _sl_ow gro_wth, nitrogen Broad Ieaves,_unlform green color Initial nutrient concentration stress.
deficiency signs. leaves, vigorous growth.
Week 3 Light green-yel_low leaves; pl_ants tall but| Dark green, heal_thy leaves; strong Wilting, pale, burnt leaf tips-high EC stress.
poor leaf size and low biomass. roots and uniform growth.
Week 4  |Plant height small, moderate green color. Vigorous plantségleosrt growth and leaf Leaves wilted, signs of nutrient imbalance.
Overall Growth slow; limited leaf area and Best overall growth; optimum EC | Nutrient imbalance, not much root growth and
Growth biomass due to low nutrient range giving maximum vegetative observed Mg deficiency at high EC; stress
Summary | concentration (possible N deficiency). development and yield. reduced yield and leaf quality.
Table 4: Total harvest (lod & dry wt.) analysis
Experiment Trial 1 Experiment Trial 2
EC Range 1.8-1.9 20-2.1 2.2-24 1.8-1.9 2.0-2.1 2.2-2.4
Fresh Wit. 70 137 57 72 167 63
Dry Wt. 8 14 7 6 14 7
LOD% 88.57% 89.78% 87.71% 91.6% 91.62% 88.89%
Total Harvest (LOD & Dry wt.) Analysis Conclusion

The highest LOD% & Dry Biomass was recorded at EC 2.0-
2.1 mS/cm, indicating greater water retention and vigorous
plant growth. At lower EC (1.7-1.9 mS/cm), plants grew
normally but slightly slower, showing moderate moisture
content & Dry Biomass .At higher EC (2.2-2.3 mS/cm),
plants exhibited (interveinal chlorosis on older leaves), due
to nutrient competition and osmotic stress, with reduced
LOD & Dry Biomass .Similar findings have been reported
in previous studies (Rouphael & Colla, 2005; Sonneveld &
Voogt, 2009) [11.12

Hydroponics has gained popularity as a promising crop-
growing method in recent years. Given the year-round
feasibility of growing short-duration crops like vegetables in
small places with minimal labour, hydroponics can
benefit impoverished and landless areas and areas with
limited soil and water resources. This study aimed to
investigate soil and hydroponic growth rates the hydroponic
system by growing spinach compared to the conventional
soil system. After evaluating the data and findings, we may
infer that the hydroponic system is superior to the traditional
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soil system. The end outcome unequivocally demonstrates
that the hydroponic planting method outperforms the
conventional method in effectiveness. Plants grown in
hydroponic systems grow more quickly. The plant’s height,
stem diameter, leaf size, and leaf number all exhibit this
impact, indicating a higher yield. By conducting this
experiment on a larger scale in the future, it will be possible
to meet the demands of the current futures market. Hence,
the optimum EC range for spinach in NFT hydroponics is
2.0-2.1 mS/cm, which ensures balanced nutrient uptake,
healthy foliage, and ideal moisture levels for high-quality
yield. This study demonstrates how EC control directly
influences plant physiology, nutrient availability, and
overall productivity in hydroponic systems.
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