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SNAP HYDROPONICS: DEVELOPMENT & POTENTIAL  
FOR URBAN VEGETABLE PRODUCTION 

PRIMITIVO JOSE A SANTOS & EUREKA TERESA M OCAMPO 
Plant Physiology Laboratory, Institute of Plant Breeding, College of Agriculture, UP Los Baños, College, Laguna 4031  

Yearly losses in vegetable production are attributed to less-than-ideal weather conditions, soil-borne diseases and high incidence of 
pests. Among the alternative agricultural systems, hydroponics appears to be a popular and acceptable solution for production under 
conditions of space restrictions or unavailability of soil. However, most hydroponics systems that are available in the country are 
input-intensive, requiring a large amount of capital. In response, Simple Nutrient Addition Program (SNAP) hydroponics was 
conceived and designed to meet the need for a low-cost system suited for household-level and small-scale commercial vegetable 
production. The system employs passive aeration (no electricity required) of the nutrient solution and the ability of the vegetable crop 
to adapt to waterlogged conditions. Vegetables such as lettuce, sweet pepper, cucumber and celery have been successfully grown 
using SNAP hydroponics. The bases and methodology for setting up SNAP hydroponics are presented together with the results of 
production trials of selected crops. As an example, growth of SNAP-grown lettuce is more rapid and harvest is earlier than soil-grown 
plants. Cost and return analysis for leaf-lettuce production indicates that profits can be realized as early as the first year using the 
system, with returns on investment averaging 57%. The system is ideal for restricted spaces typical in urban areas, provided that 
there is sunlight, air movement and a rain shelter. The potentials for widespread household adoption and small-scale commercial 
application of SNAP hydroponics are high. 

alternate agricultural system, celery, cucumber, household-based crop production, lettuce, SNAP hydroponics, simple hydroponics, 
sweet pepper, urban agriculture, vegetable production

INTRODUCTION 

Hydroponics provides an instant as well as long-term 
solution to the problem of inability of a household to produce its 
own vegetables under urban settings. If hydroponics is set up 
under a protective structure (eg, plastic house or greenhouse), it 
allows for uninterrupted year-round vegetable production. 
Furthermore, the vulnerabilities of vegetable crops to weeds, 
insects and diseases are minimized or absent when crops are 
grown hydroponically (Bañez & Manipon 2000). It also 
requires lower costs for harvesting, growing and planting 
crops (Hassall et al 1993). 

Historically, hydroponic culture of crops has been 
practiced for over 3 centuries (RRDIC 2001), but the 
technology is relatively new in the country. Nonetheless, an 
increasing number of hydroponics farms can be found in Cavite 
and more recently in Clark Field, Pampanga. The hydroponics 
systems used in these areas have been developed abroad, are very 
expensive and not meant for most vegetable growers because 

of the high cost of initial investment. The most popular among 
these systems are the nutrient film technique (NFT) for the water-
based systems and the nutrient drip irrigation for the media-based 
system (Seymour 1993).  

The Asian Vegetable Research and Development Center 
(AVRDC) has developed a version of a lower-cost hydroponics 
system called the AVRDC hydroponics method (AVRDC 1992). 
However, this method has not become popular locally despite the 
prohibitive costs of the other systems. This is why there is a need 
to develop a low-cost and simple hydroponics system 
adapted to local conditions in the Philippines, which will 
make growing crops hydroponically possible anywhere even 
under an urban environment.  

Bases for the development of SNAP hydroponics 
Simple hydroponics systems where plants are grown in 

culture solution without an aggregate medium are usually 
artificially aerated by electricity-driven compressor pumps. 
Experiments conducted at the Institute of Plant Breeding (IPB), 
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College of Agriculture, University of the Philippines Los Baños 
have made use of this system. However, at UPLB, power outages 
occur almost weekly and last from a few hours to a full day. The 
lack of aeration results in anoxic solution cultures leading to 
irreversible waterlogging injury to the growing plants. Mungbean 
and cowpea at reproductive stage grown hydroponically die of 
waterlogging if active aeration is not restored within the day.  

In contrast, tomato is able to cope under waterlogged 
conditions. Can hardening solve the problem? Observations had 
suggested that the earlier the roots were subjected to anoxic 
conditions, the more likely they would grow as if they were 
grown in an aerated environment. Early production of 
adventitious roots with bigger intercellular spaces would enable 
them to survive waterlogging (Lopez & Del Rosario 1983). 
Moreover, plants growing in pots or trays that allow for air to 
circulate freely in and out (passive aeration) are less likely to 
experience waterlogging. Crop species that develop 
aerenchymatic roots that float in the nutrient solution are most 
likely to benefit from passive aeration. 

These observations have provided the bases for the 
development of a low-cost, low-maintenance hydroponics system 
that is designed for household and small-scale vegetable 
production. This hydroponics system we call SNAP (Simple 
Nutrient Addition Program) to denote the ease by which the 
technology can be used.  

In this paper, we are presenting the procedure for setting up a 
SNAP hydroponics system, listing the materials to be used and 
explaining how the system is to be maintained. Some data 
collected during the earlier trials of selected vegetable crops using 
SNAP hydroponics are also included. Economic returns of 
growing leaf lettuce in SNAP hydroponics are also presented. Leaf 
lettuce is highlighted in this paper because we strongly advise that 
beginners try growing this crop first because of its short growing 
period and its relatively being free from pests. 

MATERIALS & METHODS 

1. Setting up the SNAP hydroponics system 

Preparation of seedling plugs (Figure 1) 
Seeds of vegetables (lettuce, tomato, sweet pepper and 

celery) were sown in shallow plastic trays with drainage holes 
using coir dust as the growing medium. The trays were regularly 
watered. Between 7 and 10 days after germination, seedlings were 
pricked or transplanted individually into 8-oz styrofoam cups. The 
bottom of each cup was cut off at the center (about 2.5-cm hole 
diameter) and patched with a small piece of used garden net. This 
held the layer of coir dust (the cup was about 1/3 full) and the 
transplanted seedling in place and allowed the roots to grow down 
into the nutrient solution. The coir dust substituted for the soil for 

roots to anchor on. 

Preparation of culture pots (Figure 2) 
 Recycled styrofoam fruit boxes were used as growing or 

culture pots where the nutrient solution was contained. The 
bottom part of the box was lined with polyethylene sheet (~0.02 
mm thick) to prevent the nutrient solution from draining out. On 
the lid or box cover, 5 to 6 holes equidistant from one another 
were cut out. Each of these holes was big enough to hold in place 
the seedling plug by its neck. Lids of these boxes had 
prefabricated vents or openings that allowed the passive aeration 
of the roots.  

Preparation of nutrient solution 
Initial activities focused on identifying the most suitable 

fertilizer formulation for SNAP hydroponics. Eventually, a SNAP 
formulation was developed; it is now being registered and applied 
for IPR rights before being made available in the market. 
Meanwhile, already there are commercially available fertilizer 

mixes that can be used with SNAP hydroponics.  
The nutrient solution was prepared in a plastic drum (200 L 

capacity). Tap water (allowed to stand overnight if chlorinated) 
was used for dissolving the hydroponics fertilizer. The volume of 
the mixed solution depended on the instruction provided by the 
manufacturer on the packaging. A long bamboo stick or similar 
material was used to mix the nutrient solution well. The prepared 
nutrient solution was then distributed to the culture boxes at about 
10 L per box. 

Setting up of the SNAP hydroponics system 
The seedling plugs were then placed snugly on the fitted 

holes on the lids of the culture pots (Figure 3).  
The bottom of the cups were dipped by at most 2 cm into the 

nutrient solution. This can be achieved by adding more nutrient 
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Figure 1. A schematic representation of a seedling plug 
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solution and placing the set-up on a well-levelled bench or stand. 
For lettuce, 10 L of nutrient solution was more than enough to 
grow a 5-plant box until the time of harvest (30 days after 
transplanting), without need for ‘watering’ or adding more 
nutrient solution during the entire cropping duration. The set-up 
was placed under a plastic shed or greenhouse awning facing the 
early morning sun. The set-up was naturally well ventilated for 
better passive aeration.  

In SNAP hydroponics, passive aeration (no electricity 
required) is the only means for the roots to obtain oxygen 
from their immediate environment. This is enhanced by 
allowing at least 2 inches of the upper root system to be 
exposed to the air after about 2 weeks (Figure 3). Thus, the 
root system was divided into the upper exposed part for 
aeration and the lower portion which was submerged in 
nutrient solution, for nutrient and water uptake.  

2. Varietal screening and production trials 
High value-crops that were screened for SNAP hydroponics 

were crucifers, cucurbits and solanaceous vegetables. These trials 

were conducted mostly in styrofoam trays and outside the 
greenhouse and in screen cages at the Institute of Plant Breeding. 
The more notable results of the trials are presented in this paper. 

3. Cost and return analysis for leaf lettuce 
Average yields across several production trials of selected 

lettuce varieties provided the basis for a cost and return analysis of 
lettuce SNAP hydroponics.  

RESULTS & DISCUSSION 

Variety & production trials 
Screening trials of vegetable crops such as lettuce, sweet 

pepper, cucumber and celery (Plate 1) for yield and growth in 
SNAP hydroponics were conducted year–round for more than 2 
years. When possible, counterpart trials in the field were also 
planted. Variety trials of lettuce and sweet pepper were also 
conducted to identify the varieties for recommendation. 

Lettuce 
From October 2000 to March 2003, 23 varieties of head, cos 

and leaf lettuce were evaluated. Results indicate that under SNAP 
hydroponics, lettuce can be harvested at 30 days after 
transplanting to the culture pots, as opposed to the 45 days it takes 
to harvest soil-grown lettuce. Yields at 30 days after transplanting 
vary from 5 to 321 grams per plant depending on the variety 
(Table 1).  

A cold spell in December 2003 produced very high yields for 
soil-grown President which was harvested 1 week after its SNAP 
counterpart. Selection was made and this included some bolting 
resistant varieties such as President, Minneto and Box Hill. Serial 
trials of the head, leaf and cos varieties showed that better yields 
were obtained when trials were conducted in SNAP culture rather 

than in the field. However, performance of these varieties 
declined when the trial was made in the greenhouse during 
summer. This is understandable because high greenhouse 
temperature is detrimental to semi-temperate crops such as 
lettuce. In the first commercial hydroponics farm for vegetables 
and ornamentals in the Philippines set up in 1981, it was observed 
that the yield of vegetables such as lettuce was better during cool 
months than during the summer months (Del Rosario & Santos 
1990). 

In October 2002, 9 commercial varieties including most of 
those evaluated earlier were included in the variety trial (Table 2). 
On a per plant basis, the highest yield was obtained from Summer 
Gold (107 grams) the lowest from Lollo Bionda (26 grams), an 
inherently small lettuce variety. Despite the high greenhouse 
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Figure 2. Schematic representation of a fruit styrofoam box prepared for holding the seedling 
plugs and nutrient solution 
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temperature, varieties President and Minetto were able to produce 
loose heads. In the trial that followed, the yield of Minetto 
increased by 166% and Seven Wonders by 114%. President 
increased weights by 95% over the previous as some plants 
formed head. In the most recent production trial where 60 trays 
were used, President gave an average plant weight of 113 grams. 
A single tray gave a marketable yield of more than half a 
kilogram. The results of all these trials show that yields are highly 
affected by the prevailing growing temperature since these are 
semi-temperate crops.  

Sweet pepper 
Five varieties of sweet pepper were compared under SNAP 

hydroponics where two different solutions (SNAP and Solution D) 
were used. Maharlika Hybrid 88 gave the highest yield at 211 
grams per plant and the biggest fruit at 37.8 grams. It produced 
about 6 fruits per plant. The yields of all the other four varieties 
were lower (Table 3). The highest yield at 285 grams per plant 
was obtained from Maharlika Hybrid 88 when it was grown using 
SNAP nutrient solution (Table 4). Most varieties did well when 
they were grown in Solution D nutrient solution. 

Cucumber 
Five cucumber varieties – Cu98-288, Cu98-289, Cu98-490, 

Cu98-491 and Cu98-492 – were grown by SNAP hydroponics 
using the AVRDC and PNA nutrient solutions. Based on the 

statistical analysis, the formulation of nutrient solution had no 
bearing on the number of fruits formed and the yield weight of 
cucumber. The 5 varieties did not differ significantly in terms of 
the number of fruits harvested and the yield weight per plant 
(Table 4).  

Celery 
Although not normally grown during the summer months, 

celery was tested using SNAP and was harvested in April 2002. A 
counterpart trial was also conducted in the field, grown on soil. 
Taller plants were obtained using SNAP than soil (30 cm). The 
SNAP-grown plants weighed less by about 19 grams each; 
however, the heavier soil-grown ones were fibrous; in contrast, 
the SNAP-grown plants were succulent. 

Cost & return analysis 
The economic analysis reported here focuses on the 

household- or small-scale commercial production of leaf lettuce. 
It is the crop the authors recommend for beginners because it has 
a short cropping cycle and is resistant to most insect pests and 
diseases. A basic assumption in the analysis is that all the 
materials needed to set up the SNAP hydroponics system are 
bought. For some resourceful persons, however, many of the 
items such as styrofoam trays, cups and drum can be bought at 
cheaper prices or even gotten free. Since SNAP-grown lettuce can 
be harvested 30 days after transplanting, 10 cropping cycles are 
possible per year. It is only necessary to make sure that when the 
current crop is to be harvested, new seedlings will be ready for 
transplanting.  

Tables 5, 6 and 7 present the financial analysis for a 5-year 
small-scale commercial venture of leaf lettuce production using 
250 trays. Fixed costs include the purchase of a 150-m2 land 

which can accommodate a single horizontal layer of 750 trays. 
Another major cost is the construction of a 50 m2 plastic house 
that is projected to have a lifespan of 5 years. It is also assumed 
that each tray yields at least 0.5 kilo of lettuce that sells at an 
average of P70 a kilo. Prices have been observed to fluctuate so it 
is important to find a steady market for the product. The return of 
investment is 56.7% (Table 7), which indicates profitability. 

Figure 3. Schematic diagram of SNAP hydroponics set-up 
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SUMMARY & CONCLUSION 

A low-cost, simple SNAP hydroponics system was developed 
which was aimed at introducing hydroponics to household 
growers and small-scale vegetable producers in the Philippines. 
The system was constructed from recycled materials such as 
styrofoam fruit boxes, styrofoam cups and garden net. Since the 
system design allows passive aeration and depends on the ability 
of the vegetables to adapt physiologically to limited oxygen 
conditions, SNAP hydroponics does not require electricity unlike 
other hydroponics systems.  

Vegetables such as lettuce, sweet pepper, cucumber, and 
celery were produced successfully using SNAP hydroponics using 
a number of fertilizer formulations. Having a choice of fertilizer 
formulation is important so that growers can use whatever 
hydroponics fertilizer is available in their locality. In our 
estimation, one person can maintain the system; this makes the 

SNAP culture adaptable for household or small-scale vegetable 
production. Cost and return analysis shows the profitability of 
growing leaf lettuce, which is the crop recommended for 
hydroponics beginners.  

IMPLICATIONS & RECOMMENDATIONS 

The simplicity of SNAP hydroponics makes year-round home 
vegetables production possible. The system can be one of the 
better alternatives for increasing per capita intake of nutritious 
vegetables as well as improving household income. It fits well in 
urban areas where space is limited or the soil is not suitable for 
gardening. While only the results of trials of lettuce, sweet pepper, 
celery and cucumber are mentioned in this paper, other vegetables 
such as tomato, melon, watermelon, and some herbs have actually 
been successfully grown using SNAP hydroponics.  

The potential for utilizing SNAP hydroponics for commercial 
large-scale production is likewise very large. A few modifications 
in the basic principles of running the SNAP system can result in 
easier management of large-scale systems that are not dependent 
on electricity.  

Aside from job generation, SNAP hydroponics may be used 

as an academic tool for introducing hydroponics to students 
studying vegetable production and plant nutrition.  

With the increased popularity of hydroponics in the 
Philippines and its identification as an alternative crop production 

Plate 1. Clockwise from top left: Head & leaf lettuce, sweet pepper & celery were grown 
successfully using SNAP hydroponics  
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system, SNAP hydroponics can serve as an inexpensive and less-
intimidating introductory system for those who wish to venture 
into hydroponics. To those who are already into hydroponics, 
SNAP should be a cheaper alternative. 
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Table 1. Serial production trials on lettuce conducted under SNAP & soil culture during from October 2000 to March 2001 

Range of Yield (grams/plant) Variety Type Date of Trial 

SNAP Soil 

President Heading Oct - Dec 2000 11-321 - 

  Oct - Dec 2000 62-307 13-268 

Jan - Feb 2001 7-131 19-108 Seven Wonders Cos 

Feb - Mar 2001 11-138 10-131 

Feb - Mar 2001 (a) 16-61 3-17 Denies Green Leaf 

Feb - Mar 2001 (b) 13-62 8-49 

Summer Gold Head Feb - Mar 2001 19-101 4-61 

Seoul Green Leaf Feb - Mar 2001 9-47 7-85 

Minetto Head Feb - Mar 2001 55-135 18-118 

Box Hill Head Feb - Mar 2001 54-171 13-207 
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Table 2. Average plant weight for lettuce grown in SNAP hydroponics at 
the IPB greenhouse from October to November 2002 

Variety Average weight per plant 
(grams) 

Seoul Green 41.7 

Denise Red 48.9 

Lollo Bionda 28.7 

Lollo Rossa 25.9 

Seven Wonders 55.6 

Mignonette Green 53.3 

Summer Gold 106.6 

President 79.4 

Minetto 43.0 

Table 4. Yields of 5 varieties of cucumber grown in still water culture in the screenhouse 

Variety Number of fruits per 
plant 

Yield (grams/plant) Fruit length (cm) 

Cu98-491 2.4 532.6 25.6 ab 

Cu98-492 2.3 669.7 27.3 a 

Cu98-490 1.5 166.4 21.2 b 

Cu98-289 1.0 276.3 27.0 a 

Cu98-288 1.0 169.3 24.3 ab 

 NS NS * 
NS – not significant, * - significant at P=0.05 (DMRT) 

Table 3. Yield of five sweet pepper varieties under SNAP hydroponics at the IPB greenhouse from February to 
May 2000 

Variety Number of fruits per 
plant 

Fruit size, grams Yield per plant, grams 

All Season 10.1 a 11.5 c 106.7 b 

Bless 9.2 a 14.2 bc 111.1 b 

Maharlika 5.8 b 37.8 a 211.2 a 

Yolo wonder 4.5 b 24.9 abc 95.6 b 

California Wonder 4.3 b 30.16 ab 133.0 b 
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Table 5. Financial analysis for leaf lettuce production using SNAP hydroponics (250 trays at 10 croppings per year) 

Particulars/ Quantity Cost P 

Fixed Costs 
Land (150 sq.m.) 250 37,500.00 
Plastic house (5-yr life span) 10,000 10,000.00 
plastic drum (2) 500 1,000.00 
growing boxes (300) 5 1,500.00 
styrofoam cups (2000 pcs) 0.75 1,500.00 
pH meter 3000 3,000.00 
Fixed Costs   54,500.00 
    Year 1 Year 2 Year 3 Year 4 Year 5 
    P P P P P 
Variable costs: RAW MATERIALS 
Seeds (P /cropping) 100 1,000.00 1,100.00 1,210.00 1,331.00 1,464.10 
Hydroponics Fertilizer ( L/tray) 12 30,000.00 33,000.00 36,300.00 39,930.00 43,923.00 
Plastic bags (P / bag) 3 750.00 825.00 907.50 998.25 1,098.08 
coir dust (P /sack) 25 50.00 55.00 60.50 66.55 73.21 
Raw materials   31,800.00 34,980.00 38,478.00 42,325.80 46,558.38 
              
Variable costs: LABOR (P 250/man-day) 
cost of 1 man-day 250           
Activity Man-days/ 

cropping 
          

Seedling & medium preparation 1 2,500.00 2,750.00 3,025.00 3,327.50 3,660.25 
Plug preparation 1 2,500.00 2,750.00 3,025.00 3,327.50 3,660.25 
SNAP setting-up 1 2,500.00 2,750.00 3,025.00 3,327.50 3,660.25 
Watering 2 5,000.00 5,500.00 6,050.00 6,655.00 7,320.50 
Harvesting 0.5 1,250.00 1,375.00 1,512.50 1,663.75 1,830.13 
Cleaning and sorting 0.5 1,250.00 1,375.00 1,512.50 1,663.75 1,830.13 
Packaging and transporting 1 2,500.00 2,750.00 3,025.00 3,327.50 3,660.25 
Labor   17,500.00 19,250.00 21,175.00 23,292.50 25,621.75 
Total Variable Costs   49,300.00 54,230.00 59,653.00 65,618.30 72,180.13 
  
 

            

Operating costs (Utilities) 
Water (P /month) (assume 10% increase in 
cost/year) 

300 3,600.00 3,780.00 3,969.00 4,167.45 4,375.82 

              
SALES (assume 500 grams/tray yield)  
Yield/tray (kg) 0.5           
Quantity (kg/cropping) 125 125.00 125.00 125.00 125.00 125.00 
Average Price (P /kg) assume 5 % increase 
in lettuce price/year 

70 70.00 73.50 77.18 81.03 85.09 

Total Sales   87,500.00 91,875.00 96,468.75 101,292.19 106,356.80 
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Table 7. Projected cash flow of leaf lettuce production using SNAP hydroponics for a 5-year period (250 trays, 10 croppings 
per year) 

 Projected Cash Flow 

ITEM Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

Total revenue 0 87,500.00 91,875.00 96,468.75 101,292.19 106,356.80 

Initial Capital Expense 54,500.00           

Replacement of cups and boxes       3,000.00     

Replacement of pH meter       3,000.00     

Total expenses 54,500.00 52,900.00 58,190.00 70,009.00 70,409.90 77,450.89 

Net revenue -54,500.00 34,600.00 33,685.00 26,459.75 30,882.29 28,905.91 

IRR* 52%      

Net present value () P 32,956.47       
*assume 20% interest 

 

Table 6. Projected income statement of leaf lettuce production using SNAP hydroponics for a 5-year period 

Projected Income Statement Item 

Year 1 Year 2 Year 3 Year 4 Year 5 

Income from sale 87,500.00 91,875.00 96,468.75 101,292.19 106,356.80 

Total cost of sale 49,300.00 54,230.00 59,653.00 65,618.30 72,180.13 

Gross profit 38,200.00 37,645.00 36,815.75 35,673.89 34,176.67 

Less operating costs      

Utilities 3,600.00 3,960.00 4,356.00 4,791.60 5,270.76 

Depreciation (except for land) 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 

Total operating cost 7,300.00 7,660.00 8,056.00 8,491.60 8,970.76 

Net profit 30,900.00 29,985.00 28,759.75 27,182.29 25,205.91 

Return on investment 56.70 (%)  


