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ABSTRACT 
           The increasing demand for disease-free, high-quality planting materials of Curcuma longa Linn 
in the Philippines has led to evaluating tissue culture-based micropropagation as an alternative to 
traditional, time-consuming propagation methods. This study investigates the feasibility of using a 
Simple Nutrient Addition Program (SNAP) hydroponics system for acclimatizing in vitro propagated 
turmeric plantlets, comparing its efficacy with traditional soil media. The hydroponic system positively 
influenced the growth performance of turmeric plantlets, exhibiting improved characteristics in terms of 
stem length, stem girth, number of leaves, leaf area, shoot fresh weight, root length, and root fresh 
weight at both 30 and 60 days after planting (DAP). While the survival rate did not differ significantly 
between the hydroponics system and soil media, both achieved a 100% survival rate. The SNAP 
hydroponics system positively influenced the growth performance of turmeric plantlets. Despite the 
similar survival rates with soil media, the hydroponics system significantly improved various growth 
parameters. This suggests the potential for hydroponics to be a valuable and efficient method for 
optimizing turmeric plantlet development. Further investigation and implementation of hydroponic 
systems for turmeric cultivation is recommended, focusing on optimizing hydroponic conditions, 
nutrient formulations, and system designs tailored to turmeric requirements. Cost-benefit analyses and 
comparisons of resource efficiency with traditional methods may also be conducted to provide insights 
for practical implementation. 
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1. INTRODUCTION 

         The advantages of micropropagation can be appreciated when plants grow successfully in a 

greenhouse1. The last and most crucial stage of the micropropagation process is the acclimatization of in 

vitro propagated meriplants in the nursery. In vitro propagated plants must be acclimatized to their ex 

vitro environment to increase their survival rate and functionality1. 

 
         Micropropagated plants typically have a significant mortality rate during acclimatization, mainly 

due to abiotic stresses. Abiotic stresses include reduced relative humidity, increased light intensity, 

decreased nutrition availability, and non-sterile conditions that cause few to survive acclimatization1,2. 

Therefore, in a successful tissue culture system, it is crucial to increase the potential of micropropagated 

plants to adapt to greenhouse or field conditions during the acclimatization stage.  

 
         Many efforts have been made recently to improve the conditions that allow in vitro plants to 

harden during acclimatization. These efforts include but are not limited to employing plant growth 

retardants1, creating an in vitro photoautotrophic system3, and optimizing mineral nutrition in media4. 

Plants that have been micropropagated are often acclimated by gradually introducing them to ex vitro 

settings by transplanting them into a soil mixture in a controlled environment5. However, this method is 

expensive, time-consuming, and labor-intensive for large-scale micropropagation. 

 
         In a hydroponic system, plants are grown in nutrient solutions or nutrient-enriched water using the 

soilless hydroponics technique, either in controlled or uncontrolled growth conditions. The plant roots 

are suspended in water and nutrient solutions, either in mist or static, continuously aerated flow6. Plant 

growth and development are significantly impacted by the formula, concentration, electric conductivity 

(EC), pH, and temperature of the nutrient solution6. 

 
         It has been acknowledged that hydroponics is a resource-efficient approach and has been widely 

adopted for large-scale commercial applications7,6. In addition, the feasibility of acclimatizing micro-

propagated plants in hydroponic systems has been investigated. These plants include cassava8 and 

wasabi9. The results indicated that a hydroponic system might be an ideal alternative for the 

acclimatization of tissue-cultured plants more efficiently and effectively than regular soil 

acclimatization. 
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         Except for the work of Zapata et al. (2003), little is known about acclimatizing tissue-cultured 

plants before field planting in turmeric. The hydroponic system enables plants to adapt to decreasing 

relative humidity. The plants had a high survival rate and continued to grow for six weeks, by which 

time they had fully developed10. Literature is scarce on hydroponics in the acclimatization of turmeric 

meriplants, particularly on using the Simple Nutrient Addition Program (SNAP) hydroponics system, a 

non-circulating, passive aeration hydroponics system developed by Santos and Ocampo (2002). This 

technique has gained popularity because of its ease of use and as an alternative agricultural system for 

production in areas with limited space or soil unavailable. Hence, this study will explore using the 

SNAP hydroponic system for the acclimatization of turmeric meriplants before field planting. 

 

2. METHODOLOGY 

         The study employed an experimental research design to examine the effect of a hydroponics 

system in the acclimatization of the in vitro propagated turmeric (Curcuma longa Linn.) under nursery 

conditions. Descriptive statistics was used to identify the influence of soil media and hydroponics 

system on the growth performance and survival rate of turmeric meriplants. Inferential statistics was 

employed to compare the two groups for each parameter. 

         The Simple Nutrient Addition Program (SNAP) hydroponics system, a non-circulating, passive 

aeration system, was employed. The system involved preparing growing pots with styrofoam cups, 

culture boxes with styrofoam boxes, and a nutrient solution based on SNAP Hydroponics Nutrient 

Solution. The nutrient solution, consisting of SNAP A and SNAP B, was replenished every 30 days 

during the acclimatization period. Polyethylene bags were filled with a sun-sterilized mixture of 1 part 

loam soil and 1 part vermicompost for the soil-based media. 

         In vitro rooted plants or meriplants were selected from the Plant Tissue Culture Laboratory of 

Isabela State University. These meriplants were carefully prepared, assigned to either Group A (soil 

media) or Group B (hydroponic system), and planted accordingly. One meriplant was placed in each 

growing pot in the hydroponic system, with ten established hydroponic systems. The control group 

comprised 80 rooted plantlets cultivated in soil media under greenhouse conditions. 

         The unpaired student T-Test was employed to compare the two groups (Group A – soil media, 

Group B – hydroponic set-up using SNAP solution). Data analysis focused on assessing the growth 
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parameters and survival rates of turmeric meriplants, evaluating the effectiveness of the hydroponics 

system compared to traditional soil media. 

3.0 RESULTS 

Growth Performance and Survival Rate of the Plantlets 

         Table 1 presents the growth performance and survival rates of acclimatized turmeric plantlets in 

hydroponic and soil media 30 and 60 days after planting (DAP). The turmeric plantlets exhibited 

increased growth performance in both media, from 30 DAP to 60 DAP. Furthermore, a 100% survival 

rate was observed in plantlets cultivated in the hydroponic system and soil media. 

Table 1 - Growth performance and survival rates of acclimatized turmeric 

Treatment
s 

Stem Length 
(mm) 

Stem Girth 
(mm) 

Number of 
Leaves 

Leaf Area 
(mm2) 

Shoot Fresh 
Weight (g)  

Root Length 
(mm)  

Root Fresh 
Weight (g) 

Survival 
Rate (%) 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

30 
DAP 

60 
DAP 

 
Soil Media 

 
53.7
8 

 
90.62 

 
3.8 

 
5.38 

 
4.90 

 
5.15 

 
508.2 

 
897.
06 

 
1.1 

 
1.55 

 
50.7 

 
81.5
3 

 
0.46 

 
2.47 

 
100. 

 
100 

                 
Hydroponic
s System 

63.2
5 

124.5
8 

4.82 7.22 5.85 5.95 591.27 3331
.41 

1.62 5.3 82.32 163.
07 

1.47 6.23 100 100 

                 
T-test ** ** ** ** ** ** ns * ** ** ** ** ** ** ns ns 
                 

* - significant at a 5% level of significance 
** - significant at 1% level of significance 
ns – non-significant 

         Comparing the two media, it is evident that the plantlets grown in the hydroponic system displayed 

improved growth performance than those in the soil media. Significant differences were noted between 

the two media in various growth parameters, except for leaf area at 60 DAP and survival rates at 30 

DAP and 60 DAP, where no significant differences were observed. 

         At both 30 DAP and 60 DAP, the turmeric plantlets in the hydroponics system exhibit higher 

growth performance in terms of stem length, stem girth, number of leaves, leaf area, shoot fresh weight, 

root length, and root fresh weight. Significant differences between the hydroponics and soil media were 

evident in all measured parameters, except for leaf area at 30 DAP and survival rates at 30 DAP and 60 

DAP.   
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4. DISCUSSION 

         The growth performance parameters indicated an improved growth and development of the 

plantlets in the hydroponics system than in soil. The findings suggest that the hydroponics system 

positively influences the growth performance of turmeric plantlets, leading to the development of better 

above-ground (stem, leaves, shoot) and below-ground (roots) components.  

         Plantlets grown through tissue culture are typically fragile due to their cultivation under low-

intensity artificial light and high humidity conditions. In addition, the roots of the in vitro propagated 

plants are fragile and susceptible to mechanical damage. For this reason, the plants can die a few days 

after they are transplanted into the pots11, 12. Consequently, they lack sufficient "hardening off" and may 

easily experience water loss upon exposure to the surrounding environment. When tissue culture plants 

are transferred from the laboratory to the soil, they are exposed to abiotic stresses, like altered 

temperature, light intensity, and humidity conditions, hence the need for acclimatization of the plants 

under nursery conditions before field planting.  

         The methodology employed in this study involves a gradual reduction in relative humidity, which 

may likely trigger changes in leaf structure and function in response to altered environmental conditions. 

Furthermore, the hydroponic system supplies essential nutrients for plant growth. These conditions 

support the revitalization of in vitro roots and the absorption of minerals for the autotrophic growth of 

turmeric plants10.  

         The proliferation of the above-ground (stem, leaves, shoot) and below-ground (roots) components 

of the turmeric may be attributed to the gradual changes in relative humidity. Changes in relative 

humidity may significantly affect some of the events that occur during the acclimatization of plants in 

the greenhouse, such as the regulation of the stomatal opening and closing, the biosynthesis of the 

epicuticular wax, and the development of the internal structure of the leaf10.   

         In addition, the favorable response of the plants to the hydroponic system may also be attributed to 

the availability of necessary nutrients for plant growth. Plant growth highly depends on the availability 

of all required nutrients, ideally in well-balanced ratios. These conditions favor the invigoration of the in 

vitro roots and the absorption of minerals for the growth of C. longa plants10. 
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         The nutrient solution formula highly influences crop growth, yield, and quality. Hydroponic 

nutrient solutions require well-balanced quantities of critical macro- and microelements13. In addition, a 

far greater survival rate (100%) was reached when the in vitro-grown plants were supplied with 

nutritional solutions14. These plants outperformed the others, showing remarkable growth and 

significantly higher biomass. Because a nutrient solution of the hydroponic system can provide enough 

nutrients and compensate for water loss for plant growth compared to soil conditions, it can harden 

micro-propagated plants effectively and conveniently. 

         The SNAP Hydroponic solution used in this study contained essential elements such as nitrogen 

(6.10% wt./vol), calcium (4.245% wt/vol), potassium (3.09% wt/vol), phosphorus (0.376% wt/vol), 

magnesium (0.494% wt/vol), and iron (0.151% wt/vol). It also contains boron, manganese, and 

molybdenum in trace amounts. The turmeric plantlets responded well to the SNAP solution, as shown 

by the increased growth of the above-ground and below-ground parts.  

         The importance of various nutrients, such as Potassium (K), Nitrogen (N), Phosphorus (P), 

Magnesium (Mg), Iron, Boron (B), and Manganese (Mn), for the growth and development of in-vitro-

grown turmeric plants, was demonstrated in the study. Potassium (K) significantly enhances plant 

height, tiller number, and rhizome production. Phosphorus (P) is a fundamental building block for 

biomolecules crucial in energy production15, 16, 17, 18. Nitrogen (N) affects photosynthesis19. Nitrate 

transporters, such as NRT3.1 and NRT2.5, are essential for increased NO3− and NH4+ uptake, 

promoting seedling growth20. 

         Moreover, Potassium (K+) is an enzyme activator, regulating water utilization and participating in 

ATP and protein synthesis21. Magnesium (Mg) is essential for photosynthetic CO2 assimilation, playing 

a key role in chlorophyll pigments22, 23, 24. Iron is vital for metabolic activities, maintaining chloroplast 

structure, and participating in chlorophyll synthesis25. Boron (B) contributes to cell wall formation, 

plasma membrane integrity, and various physiological processes26. Manganese (Mn) is a cofactor for the 

photosynthetic machinery27, 28. 

         These findings underscore the importance of nutrients in plant growth, such as Potassium (K), 

phosphorus (P), nitrogen (N), magnesium (Mg), iron (Fe), boron (B), and manganese (Mn) for their 

roles in various physiological processes, such as photosynthesis, enzyme activation, metabolism, 
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chlorophyll synthesis, and overall plant development. The study emphasizes the significance of nutrient 

balance in hydroponics, providing precise control over nutrient levels for optimal plant growth. 

         The results demonstrate the potential of hydroponics as a cultivation method for optimizing the 

growth of turmeric plantlets, offering advantages over traditional soil-based cultivation. The findings of 

the study are aligned with several studies demonstrating the successful use of hydroponics for the 

acclimatization of in vitro-generated plantlets. These researches encompass a variety of plant species, 

including Solanum tuberosum L.29, 30, 31, Stemona curtisii Hook.32, 33,Grammatophyllum speciosum 

Blume33, 31, Colocasia esculenta spp.32. More recently, researchers have explored the feasibility of 

acclimatizing micro-propagated plants through hydroponic systems in crops such as cassava9, wasabi8, 

and caladium34. The findings from these studies collectively demonstrate that hydroponics serves as a 

viable alternative for acclimatizing in vitro plantlets in a clean and water-saving manner. 

         The studies on hydroponic systems across various plant species reveal notable physiological 

responses, emphasizing the impact of nutrient availability, cultivation techniques, and environmental 

conditions on plant development. These studies focus on the physiological responses of different crops, 

such as tomatoes, lettuce, cucumbers, and Stevia rebaudiana, to various aspects of hydroponic systems. 

Hydroponics allows precise control over nutrient levels in tomatoes, influencing processes like 

photosynthesis and enzyme activity35. The importance of optimal nutrient balance is emphasized in 

lettuce hydroponics, affecting essential element uptake and determining growth36. The impact of 

different hydroponic systems was also studiedin cucumber physiology, considering factors like root 

oxygenation and nutrient availability37. Hydroponic systems also improve the nutrient uptake and water-

use efficiency in lettuce and spinach 38. In addition, the physiological responses, including changes in 

leaf morphology, photosynthetic rates, and metabolite production of Stevia rebaudiana on hydroponic 

cultivation, are associated with the nutrient concentrations39.  

         The research then highlights the potential of hydroponics for plant acclimatization since results 

demonstrate that there is improved growth and development of turmeric plantlets in a hydroponic system 

compared to soil due to the nutrient-rich hydroponic solution that plays a crucial role in promoting 

robust growth and achieving a 100% survival rate. The balance of nutrition and availability in the 

system is also essential in plant physiology and the advantages of hydroponics in providing a controlled 

and nutrient-rich environment for plant cultivation. 
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5. CONCLUSION 

         Based on the result of the preceding study, it can be concluded that the SNAP hydroponics systems 

had positively influenced the growth performance of turmeric plantlets in terms of stem length, stem 

girth, number of leaves, leaf area, shoot fresh weight, root length, and root fresh weight. However, in 

terms of survival rate, both the hydroponics system and soil media influenced the high survival rate. 
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