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ABSTRACT 
 Plants of lettuce cultivar Dutch were grown in 13 litres plastic tubs using two strengths (1/2 and Full) of 
Cooper’s 1988 and Imai’s1987 recipes on a RCBD in the green house facility of Institute of Biotechnology and 
Genetic Engineering (IBGE) NWFP Agricultural University, Peshawar during the fall 2006. Cooper’s solution 
recipe (mg L-1 )  of  N-236, P 60.0, K 300, Ca 85, Mg 50, S 68, Fe (EDTA) 12, Mn 2.0, Zn 0.1, Cu 0.1, B 0.3, Mo 
0.2)  proved better with regards to the number of days to first harvest (35.67,37.33 days after seeding), more 
number of leaves plant-1(13.67 and 1.11 in full and ½ strengths respectively), larger average leaf length (17.53cm 
and17.35 cm),more leaf area index(LAI) plant-1 (234.85 cm2 and 200.59 cm2)more number of roots plant-1 (225.3  
and 208.8),longer average root length (227.3cm and 206.2cm plant-1), more average leaf yield plant-1 ( 53.89 g  and 
45.45 g) ,more leaf yield pot-1 (323.4g and 272.7g),more average leaf yield container-1 (970.10 g and 818.40 g), 
more utilization of nutrients solution (17.48 litres and 20.93 litres ),more average total cost container-1( Rs 56.89 
and Rs 42.09), more average crop revenues contsainer-1 (Rs 48.51 and Rs 40.90 in full and ½ strengths grown 
plants respectively) as compared to the corresponding strengths of the Imai’s solution recipe (mg L-1  ),  NO3-N 
140.0, P 35.05, K 360.22, Ca 160.16, Mg   48.60, Fe (EDTA) 3.0, Mn 0.5, Cu 0.02, Zn 0.05, B 0.5, Mo 0.01).. The 
benefit cost ratio (BCR) based on solution chemicals costs was also good for Cooper’s recipe (Rs 1.32: 1.00 and 
Rs1.86: 1.00 for full and 1/2 strengths grown plants respectively). While, the BCR on the basis of average total cost 
container-1 was with in the acceptable range (Rs 0.85: 1.00 and Rs 0.98: 1.00 respectively, in full and 1/2 strength 
solutions of Cooper’s recipe). However, the BCR values for Imai’s solution recipe were much better   than the 
Cooper’s recipe grown plants on nutrients solution cost basis. 
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INTRODUCTION  

 The non -circulating the hydroponics technology does not involve much of the initial investment and is 
considered as a unique method of suspended pots in a nutrient solution container for growing fresh vegetables for 
home consumption. In this technique (one of the soil less culture/ hydroponics techniques), the entire crop (short 
duration crop) could be grown in a nutrients solution container with a single filling, the need of electrical power or 
pumps (used in other hydroponics systems) is totally avoided and thus every one with little care can practice this 
techniques to produce fresh vegetables in his cemented court yard, verandas or roof tops with out using soil as a 
growing medium (Imai 1987 and Kratky, 2002). 
 

Lettuce (Lectuca sativa L.) is an annual plant that requires a relatively cool climate for good leaf and head 
growth. Hot weather causes it to become bitter and hastens the elongation to its stem into a tall seed stalk. The stem 
or cores of head varieties elongate too soon if grown in too warm weather either preventing heading or causing the 
heads to be loose and of poor quality (Anonymous, 2007). Lettuce has been grown successfully in non-circulating 
hydroponics systems with yields equal to that of soil bed cultures (Kratky et  al. 1989; Kratky, 1990; Kratky, 1993; 
Kratky 2000; Kratky 2003). Imai (1987) grew several leafy vegetables including lettuce in a non-circulating 
hydroponics system using small containers (40 x 30 x 35 cm) with different netting systems. He reported a very fast 
growth rate of leafy vegetables, which were ready for harvest with in 30 days of sowing. Tsay  et al. (1987) used a 
non-circulating hydroponics setup of polystyrene containers (25 (H) x 54 (L) x 34cm (W) for nutrients solution. In 
the lid of these containers small plastic net bottom pots (6.5 cm diameter and 7.5 cm height / length) containing the 
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support medium (smoked rice hull) were fixed (15 pots container-1). The nutrient solution comprised of (mg L-1) 
CaO, 224, MgO 80.6, K2O 434, P2O5 -80.2, NO3-N .140, Fe (EDTA) 3, Mn 0.5, Cu 0.02, Zn 0.05, B 0.5, Mo 0.01. 
They planted lettuce in late October and obtained a yield of 0.76 kg box-1 in 48 days period. But when planted in 
Middle of  January (in Taiwan ROC),  it took lettuce crop 63 days to maturity which yielded 1.20 kg box -1.Kratky 
(2000) devised a suspended pot non-circulating hydroponics method for growing various kinds of vegetables 
including lettuce. For growing lettuce he developed a 4-litre bottle method in which a 4 litre plastic juice bottle 
containing water plus 5 gram of Chem.-Grow 10-8-22 hydroponics fertilizer was added. The bottle was covered or 
darkened to discourage algae growth and a 7.5 cm long net bottom pot (a tapered plastic pot with slits to allow root 
emergence) was filled with growing medium and lettuce was seeded or transplanted. The plants grew to maturity in 
6 weeks. A typical lettuce plant consumed about 3-4 liters of nutrients solution (EC 1.5 m S-1) and yielded 200 
grams of lettuce leaves of gourmet quality. He also made an alternation of this to grow 3-4 plants in a 20 liter plastic 
bucket. Kratky (1993) also developed a non-circulating hydroponics method for growing lettuce in commercial sized 
tanks. For this purpose he designed a tank by nailing 3.8 x 8.9 cm lumber to a 1.9 cm thick plywood sheet (1.2 x 2.4 
m) and lined with 2 layers of 0.15 m thick black polyethylene sheeting.. Tanks were filled with nutrients solution of 
EC 1.5 -2-5 mS-1 and 1-2 weeks old lettuce seedlings were transplanted into net bottom pots placed/ fixed in the 
polystyrene cover of the tank. The substrate used was either peat: perlite: vermiculite mixture. He harvested leaf 
lettuce in about 5 weeks from transplanting.       
  
 Kratky (2003) also developed a non circulating hydroponics growing Kit for short term vegetables 
(including lettuce) that was comprised of 1 gallon- plastic cranberry juice bottle with  1½” opening, hydroponics 
fertilizer (Chem.-Grow 10-8-22), net bottom pot (1 ½” diameter x 3 inches long), growing medium (peat, perlite, 
vermiculite or coir dust), seed of short term vegetables and an instruction leaflet that showed that leaf lettuce could 
be harvested in 5-6 weeks of seeding/ transplanting of seedlings. Bradley and Marulanda (2000) in their paper on 
simplified hydroponics to reduce global hunger have mentioned the production as well as the cost benefits estimates 
for several vegetables including lettuce. According to them a family commercial garden of 10m2 can produce lettuce 
up to 5.9 kg m-2. Their cost income estimates revealed that the cost of growing lettuce m-2 came to US$ 1.67 with an 
income of US$ 3.66. The cost plant-1 has been shown as US $ 0.05 plant-1 while; the gross income plant-1 has been 
shown as US$ 0.17 plant-1 from the lettuce crop.  Kao (2005) developed and evaluated the technique of dynamic 
root floating (DRF) hydroponics for year round production of various vegetables including lettuce in Taiwan, 
Republic of China. He reported that leaf lettuce seeds took 1-3 days to germination and 10-16 days for seedling 
production, the crop matured for harvest in 24 days of planting with a productivity of 51.3-71.3 g plant-1. The penal-1 
productivity reported by him was 7.4-10.3 kg of leaf lettuce in DRF system. The planting density was 80 plants 
panel -1. The capital cost of constructing a DRF hydroponics factory (10-78 x 43.6 m2) was US $ 27,700 and the 
annual gross income was US $ 35,778. Both (1995) conducted experiments on lettuce growth in hydroponics with 
supplemental lighting to study the effect of targeted light levels, indoor temperatures and plant spacing on the 
growth and development of lettuce. The temperature maintained was 24 / 18.8 oC (day /night) the lettuce seedlings 
were kept in growth chambers under fluorescent lamps for 11 days. Lettuce plants reached harvestable stage in 35 
days (24 days after transplanting) with a marketable lettuce head (fresh weight) of 150 grams. .Maruo et al. (2002) 
investigated the uptake of major nutrients by lettuce plants under wide range of nutrient concentrations. They stated 
that when nutrients concentration was above 1 meL-1 the uptake of each nutrient was un-affected. They concluded 
that the nutrients concentrations in a hydroponics production system should be low.  
 

This study was planned to evaluate the efficacy of non-circulating hydroponics technology for the city 
dwellers of Peshawar, Pakistan. The main focus in this study was the evaluation of two prominent nutrients recipes 
for growing various vegetables including lettuce. 
 
MATERIALS AND METHODS 

 Seeds of lettuce cultivar Dutch were sown  on Sep 30,  2006 in disposable plastics cups /pots of 9.5 cm 
length (with multi-holes at the lower portion for emerging roots) having gravel as growing medium. The pots/cups 
were fixed in a 2.5 cm thick polystyrene lid placed on a plastic tub of 13 liters capacity (35 cm L x 25 cm W x 16 
cm H. The tubs were filled up to 5cm from the top with the nutrients solution of both the recipes and later during the 
season further addition of solutions/water was also done when required. The Cooper’s 1988 recipe solution of full 
strength comprised of (mg L-1 ) N-236, P 60.0, K 300, Ca 85, Mg 50, S 68, FE (EDTA) 12, Mn 2.0, Zn 0.1, Cu 0.1, 
B 0.3, Mo 0.2) while the half strength solution of this recipe comprised of  (mg L-1) N 118, P 30, K 150, Ca 92.5, 
Mg 25, S 34, Fe 6, Mn 1.0, Zn 0.1, Cu 0.1, B 0.15, Mo 0.2. The Imai’s 1987 recipe solution of full strength 
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comprised of (mg L-1 )NO3-N 140.0, P 35.05, K 360.22, Ca 160.16, Mg 48.60, Fe (EDTA) 3.0, Mn 0.5, Cu 0.02, Zn 
0.05, B 0.5, Mo 0.01. While, the ½ strength solution of this recipe comprised of (mg L-1) NO3-N 70.0, P 17.52, K 
180.11, Ca 80.08, Mg  24.30, Fe (EDTA) 3.0, Mn 0.5, Cu 0.02, Zn 0.05, B 0.5 and Mo 0.01. The solution containers 
(tubs) were placed on green house benches in the IBGE green house facility at NWFP Agricultural University, 
Peshawar during fall 2006. The design of the experiment was RCBD having three replicates and four treatments. 
Each treatment comprised of 3 solution containers (5 plants in each pot and three pots in each container/tub).  Data 
were recorded on various parameters as given below and analyzed statistically using M State-C software and LSD 
test as described by Gomez and Gomez (1984). Average number of days to edible maturity/ first harvest, average 
number of leaves plant-1 , average leaf length (cm),   average leaf area index (LAI)/ leaf size (cm 2), average number 
of roots plant-1 , average root length (cm) , average leaf yield plant-1 (single harvest) (g),   average leaf yield pot-1 (3 
harvests) (g), average leaf yield container-1 (3 harvests container-1) (g), average amount of nutrients solution 
consumed (Liters), average cost of  nutrients solutions consumed (Rs) , average total cost of growing lettuce crop 
container-1 (Rs),  average crop revenues obtained container-1 (Rs),  benefits cost ratio of growing lettuce based on 
chemicals cost   container-1 only (Rs), benefits cost ratio of growing lettuce crop based on average total cost 
container-1 (Rs). 
 
RESULTS AND DISCUSSION  

Average Number of Days to First Harvest  

The lettuce plants grown in full strength solution of Cooper’s 1988 recipe matured earlier (in 35.67 days) 
while, those grown in ½ strength solution of this recipe in 37.33 days. While, those grown in full strength solution of 
the Imai’s 1987 recipe took 38.33 days, however, these differences were statistically at par. Whereas, the lettuce 
plants grown in ½ strength solution of the Imai’s 1987 recipe took significantly more number of days (41.67days) 
from seed sowing till first crop harvest (Table  I). Our results are almost in agreement with those of Imai (1987), 
who took the first harvest of lettuce in 30 days when grown in a non-circulating hydroponics system. While, Tsay  et  
al. (1987)  took the first harvest in 48 days of seeding when lettuce was planted in October in Taiwan, ROC 
environment. Similarly, Kratky (2000) also mentioned of lettuce maturity in 8 weeks of seeding. Kratky (2003) 
mentioned in his leaflet that lettuce could be harvested in 5-6 weeks of seeding/transplanting. Likewise, Both (1995) 
got the harvestable stage of lettuce plants in 35 days of seeding (24 days of transplanting). Hence our results are in 
accordance with Both (1995), Kratky (2000), Kratky (2003) as well as Tsay et al. (1987). Slight variations in our 
results among treatments were probably due to the solutions pH ranges and the nutrients recipes ingredients and 
their strengths. The delayed maturity in case of ½ strength solution of Imai’s 1987 recipe could be attributed to its 
weaker strength. 
 
Average Number of Leaves Plant-1  

There has been a significant difference in the number of leaves of lettuce plants grown in two kinds of the 
nutrients solutions, however, the different strengths (full and ½ strength) did not influence the number of leaves 
plant-1 in both the solution recipes. The leaves number plant-1 was maximum (13.6) for plants grown in full strength 
solution of the Cooper’s 1988 recipe, which was followed by ½ strength solution of the same recipe (13.11 plant-1), 
½ strength solution of Imai’s 1987 recipe (12.00 plant-1) while, the number of leaves were minimum (11.45 plant-1) 
for plants which were grown in full strength solution of this recipe, however, these differences between the two 
strengths of Imai’s 1987 recipe were statistically similar (Table  I). The variations found between the two recipes 
with regards to the number of leaves plant-1 are indicative of their ingredients combinations. We could not have 
access to any report in litrature indicative of any comparison regarding the number of lettuce leaves plant-1. Only 
Maruo et al. (2002) has mentioned that nutrients concentration below 1me L-1 in a hydroponics lettuce production 
system may affect the nutrients uptake by the plants.. 
 
Average Leaf Length in Lettuce (cm)  

 Data pertaining to the average leaf length of lettuce grown in different strengths of the two hydroponics 
nutrients solution recipes is given in Table I. It was observed that the average leaf length of lettuce was significantly 
influenced by the two nutrients solution recipes.  Leaves of larger lengths (17-53 cm, 17.35 cm) were obtained in 
lettuce plants grown in full strength and ½ strength solutions of Cooper’s 1988 nutrients recipe respectively. 
Whereas, the differences in the average leaf length of lettuce plants grown in the two strengths (full and ½) of the 
Imai’s 1987 nutrients recipe were statistically significant. In the full strength of Imai’s 1987 recipe, the leaf length 
was 16-47 cm while, in ½ strength grown plants of this recipe it was the minimum (15.50 cm). The leaf length/size 
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ultimately influences the total yield. The differences between the two recipes speak that Cooper’s 1988 recipe was 
better than Imai’s 1987 recipe probably because of the reason that the former one had better ingredients 
combination.. The minor variations within different strengths could be attributed to the solutions pH ranges that 
influenced the plant growth. 
 
Table I. The results of various parameters of lettuce cv Dutch plants grown in different strengths of the two   

hydroponics nutrients solution recipes in a non-circulating hydroponics system  
Recipes and their strengths 

Cooper’s 1998 recipe Imai’s 1987 recipe 
 
 
Parameters  Full 

strength 
½ 

strength 
Full 

strength 
½ 

strength 

 
 

LSD≤ 
0.05 

Average number of days to first harvest  35.67 b 37.33 b 38.33 b 41.67 a 3.279 
Average number of leaves plant-1 13.67 a 13.11 a 11.45 b 12.00 b 0.715 
Average leaf length (cm) 17.53 a 17.35 a 16.47 b 15.50 c 0.2447 
Average leaf size/ LAI (cm2) 234.85 a 200.59 b 181.93 c 176.43 c 4.928 
Average number of roots plant-1 225.3 a 208.8 b 125.2 c 112.2 c 6.552 
Average root length (cm) 227.3 a 206.2 b 124.2 c 111.9 d 7.962 
Average leaf Yield plant-1 (Single harvest)(g)  53.89 a 45.45 b 35.72 c 32.40 d 1.144 
Average leaf Yield pot-1 (3 harvests) (g) 323.4 a 272.7 b 215.1 c 194.6 d 6.082 
Average leaf Yield container1 (3 harvests) (g) 970.10 a 818.40 ab 645.30 b 583.90 b 240.7 
Average amount of nutrients  solutions consumed  (litres) 17.48 bc 20.93 a 17.87 b 16.30 c 1.390 
Average cost of nutrients  solution consumed  @ Rs 2.11 L-1 for 
Cooper’s  recipe and Rs  1.02  L-1 for Imai’s recipe (Rs) 

36.89 a 22.09 b 18.22 c 8.31 d 2.322 

Average total cost of growing lettuce container-1 (Rs) 56.89 a 42.09 b 38.22 c 26.31 d 2.322 
 Average total crop revenues obtained container-1  @ Rs 50.00 kg 
-1 (Rs) 

48.51 a 40.90 b 32.26 c 29.19 d 0.911 

Benefits cost ratio of growing lettuce container-1 based on 
nutrients chemical cost (Rs)  

1.32 c 1.86 b 1.77 b 3.52 a 0.179 

Benefits cost ration of growing lettuce container-1 (Rs) (based on 
average total cost container-1 ) 

0.85 b 0.98 a 0.84 b 1.03 a 0.063 

 
 
Average Leaf Area Index (LAI )/ Leaf Size in Lettuce (cm2) 
 Table I, indicated that the average leaf size/LAI in lettuce plants was maximum (234.85 cm2) for plants 
grown in full strength solution of the Cooper’s 1988 recipe, which was followed by those grown in ½ strength 
solution of the same recipe (LAI 200.59 cm2). However, different strengths of the Imai’s 1987 recipe did not 
influence the average leaf size/LAI in lettuce plants, which were 181.93 cm2 and 176.443 cm2   for full strength and 
½ strength solution grown plants respectively. Significant variations between the two prominent recipes envisage 
their ingredients/combination ratio. The Cooper’s 1988 recipe in these studies appeared to be the best as compared 
to Imai’s 1987 recipe. The ½ strength differences were most probably due to the solution pH and EC maintenance 
differences.(Fig. 1 & 2) Otherwise, Maruo et al. (2000) statement is a valid one who recommended the low 
concentration solutions rather than strong ones for better growth of lettuce. 
 
Average Number of Roots Plant-1  
 It is evident from Table I, that the average root number was significantly influenced by both the nutrients 
solution recipes (Cooper’s 1988 and Imai’s 1987) as well as their different strengths (full and half). More number of 
roots (225.3 plant-1) was developed by plants grown in full strength solution of the Cooper’s1988 recipe, followed 
by 208.8 roots plant-1 for those which were grown in ½ strength solution of this recipe. However, the lettuce plants 
grown in full strength solution of the Imai’s 1987 recipe had 125.2 roots plant-1 while, the minimum roots number 
(112.2 plant-1) was counted for the plants grown in ½ strength solution of this recipe. The variations in average 
number of lettuce roots as noticed in two kinds of nutrients solutions might have been due to i) nutrients solution 
concentrations/strengths ii) solution pH and EC conditions and iii) solution temperature. Though there are very few 
direct references regarding the lettuce roots number in various kinds of solutions, however, Kao (2005) has 
compared the root activity of Pak-Choi (a leafy vegetable) in dynamic root floating (DRF), nutrients film technique 
(NFT) and deep flow technique (DFT) hydroponics, and showed a considerable differences in root number from 
84.4 to 83.0 and 46.3 in these hydroponics systems respectively. Hence it could be concluded that in ours 
experiment roots number increased in a better solution environment and reduced in a poor type, probably due to 
solutions ingredients, pH and EC conditions that were maintained during cropping. 
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Average Root Length in Lettuce (cm) 
 The average root length in lettuce plants was influenced significantly by different strengths of both the 
nutrients solution recipes. The root length was more (227.3 cm) for the lettuce plants grown in full strength solution 
of Cooper’s 1988 recipe, followed by 206.2 cm in the ½ strength solution grown plants of the same recipe and 124.2 
cm was measured in full strength solution grown plants of the Imai’s 1987 recipe. While, the minimum root length 
of 111.9cm was measured for plants grown in ½ strength solution of the Imai’s 1987 recipe (Table I).  
 
 The roots growth is actually accounted in two different ways the earlier nutri-roots which after few days 
become the aero roots in a hydroponics system specifically in the root floating technique of hydroponics. Our 
observations indicated that the lettuce roots length increased with the time in a balanced type of nutrients solution 
(pH and EC in a permissible limit). There has been a clear difference between the plants performance with in the 
two recipes (Cooper’s 1988 and Imai’s 1987) and more root growth occurred in Cooper’s 1988 recipe’s solution. 
This could also be interpreted as when the leaves/tops are cut/harvested the roots length increases. The more 
extended roots probably gather/uptake more nutrients from the nutrients solution that ultimately increases the 
growth of aerial parts and also the leaf yield. However, it could be said that when the solution becomes old enough, 
and if it is not replenished it may damages the roots. 
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Fig. 1. Temperature conditions (0C) during the growth period of lettuce crop inside the green house  
 
Average Leaf Yield Plant-1 of Single Harvest (g) 
 Data regarding the average leaf yield of lettuce plants grown in different strengths of the two hydroponics 
nutrients solution recipes revealed that the average leaf yield of lettuce plant-1 (of single harvest) ranged from 32.40 
g to 53.89 g in ½ strength solution of Imai’s 1987 recipe and in full strength solution of the Cooper’s 1988 recipe 
respectively. Whereas, the leaf yield of lettuce plants (of single harvest) grown in ½ strength solution of Cooper’s 
1988 recipe was 45.45 g while, in full strength solution of the Imai’s 1987 recipe it was 35.72 g plant-1. These 
differences in average leaf yield plant-1 (for single harvest) amongst the different nutrients solution recipes and their 
strengths were statistically significant at 5% level (Table I).  
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Fig. 2. Relative humidity situation (%) during the growth period of lettuce crop inside the green house  
 

It appears that our results remained in close conformity with the findings of Kao (2005), who reported that 
the yield of leaf lettuce remained 51.3 – 71.3 g plant-1; however, it is not clear that this yield data was of how many 
harvests. His results also show considerable variations in fresh leaf yield plant-1 of another leafy vegetable at various 
solution pH levels, EC and solution temperatures. Hence, it could be concluded that the differences in leaf yield as 
envisaged in our results were probably due to the solution pH and EC levels which were different in different 
solutions at various occasions and collectively influenced the leaf yield plant-1 (Fig . 1 & 2). On contrast, Both 
(1995) obtained a yield of 150 g head lettuce in 35 days of seeding in a growth chamber with supplemental lightings. 
This yield definitely would be of single harvest because within 35 days only a single harvest is possible, however, 
varietal differences between leaf and head lettuce possibly do play their part. 
 
Average Leaf Yield Pot-1(g)    

Data concerning the average leaf yield pot-1 (of three harvests )of lettuce plants grown in different strengths 
of the two hydroponics nutrients solution recipes are presented in Table I, which revealed significant differences. 
The highest average leaf yield pot-1(323.4 g) was recorded for plants grown in full strength solution of the Cooper’s 
1988 recipe, which was followed, by its ½ strength solution grown plants (leaf yield 272.2 g pot-1). Where as, in full 
strength solution grown plants of the Imai’s 1987 recipe, the average leaf yield pot-1 was 215.1 g while, in the ½ 
strength solution of the same recipe it was the lowest (194.6 g pot-1). Looking upon the results of Tsay (1987), who 
were probably among the pioneers of non-circulating hydroponics system technology, obtained the leaf lettuce yield 
of 0.76 kg box-1 in 48 days and each box had 15pots.  While, the January planted lettuce that matured in 63 days of 
seeding yielded 1.20 kg box-1 that equals to about 80 g in a single harvest. Hence our three harvests yield data comes 
almost with in same range. Similarly, another pioneer scientist of non-circulating hydroponics system, Kratky 
(2000) also mentioned that a typical lettuce plant yields 200 g leaves of gourmet quality in 6 weeks (48 days) and 
this report almost confirms our results. There has definitely been a difference of recipes; the Cooper’s 1988 recipe 
appeared to be the better one probably because of its better ingredients ratios and the pH range it maintains in 
ordinary conditions. While, the Imai’s 1987 recipe proved comparatively of lower quality due to its ingredients and 
pH range maintenance (Fig.1).  
 
Average Leaf Yield Container-1(g) 

The data revealed that the average leaf yield container-1 of lettuce crop grown in full strength solution of the 
Cooper’s 1988 recipe was maximum (970.40g) which was statistically at par with the ½ strength solution grown 
plants of the same recipe (818.40g). While, the differences in average leaf yield of lettuce crop grown in ½ strength 
solution of the Cooper’s 1988 recipe and amongst those grown in either strengths (full and half) of the Imai’s 1987 
solution recipe (645.3 g and 583.9 g respectively) were statistically non significant (Table  I). There seemed 
considerable variations in the yield container-1 of lettuce obtained by various early workers; Tsay et al. (1987) 
harvested 0.76 kg box-1 of leaf lettuce (autumn planted crop) and 1.20 kg box-1 (January planted crop) in 63 days. 
The 3 harvests of Kratky (2000) were around 600 g. While, those of Bradey and Marulanda (2000) were up to 5.9 kg 
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m-2 extremely high. Where as, the results of Kao (2005) ranged 7.4--10.3 kg panel-1 (80 plants panel-1). Our results 
could be different because of recipes, their strength as well as the types of containers used and the number of pots 
container-1, however, it has become clear that Cooper’s 1988 recipe proved better than the Imai’s 1987 recipe 
probably due to its nutrients combination as well as its easy preparations with ordinary tap water. 
 
Average Amount of the Nutrients Solution Consumed (litres)  

The maximum amount of the nutrients solution (20.93 litres) was consumed by lettuce plants grown in ½ 
strength solution of the Cooper’s 1988 recipe, which was followed by the plants grown in full strength solution of 
Imai’s 1987 recipe (17.87 litres) and those which were grown in full strength solution of the Cooper’s 1988 recipe 
(16.30 litres). Whereas, the minimum amount of nutrients solution (16.30 litres) was utilized by the lettuce plants 
grown in ½ strength solution of Imai’s 1987 solution recipe (Table I). However the plants grown in full strength 
solutions of both the recipes (Cooper’s 1988 and Imai’s 1987 recipes) were statistically at par.  Likewise, those 
lettuce plants which were grown in full strength solution of the Cooper’s 1988 recipe as well as in the ½ strength 
solution of Imai’s 1987 recipe were statistically alike with regards to the nutrients solution consumption (Table, I). 
Our results are almost contrary to the findings of Kratky (2000) who stated that a typical lettuce plant in 6 weeks 
consumed 3-4 litres of solution to produce 200 g of leaves. We had about 15 plants container-1 (3 pots container-1), 
in which two grew others remained suppressed, however upon harvest others got the chance to grow and since we 
did not calculate the nutrients solution consumption on plant-1 basis, rather we calculated the amount given to each 
container after first filling during the season and hence the results show little variations. Moreover, the leaf area 
index did play a role in leaf transpiration resulting in variations among treatments. In the present studies, in fact 
there existed sufficient variations in solution consumption between the two recipes (Cooper’s and Imai’s recipes) 
with regards to kg -1   of leaf lettuce produced. Less amount of solution (18.02 litres) was consumed by plants grown 
in full strength solution of Cooper’s1988 recipe. However, this amount was more for plants grown in solution of   
Imai’s 1987 recipe (27.69 litres and 27.92 litres for full and ½ strengths grown plants respectively). These variations  
were mostly because of the  solutions  pH and  EC conditions that  were maintained  during the  12 weeks  growth 
period.(Fig. 1 &  2). Besides this lack of expertise, improved   facilities for monitoring / adjustments in pH and EC 
of solutions also played the role. The  constituents of  Imai’s 1987 recipe  viz; Ca  and Mg  (added as Ca O and Mg 
O)  were  among the  major contributors of  enhancing the solution  pH  that ultimately influenced  the  growth and 
yield due to the sensitivity of  lettuce  to  solution higher  pH  levels. 
 
Average Cost of Nutrients Solutions Consumed (Rs) 
The data presented in Table I indicates the average cost of the solutions consumed by lettuce plants grown in two 
different kinds of solution recipes. The cost of consumption of  Cooper’s 1988 recipe was significantly higher 
(Rs36.89 container-1  for full strength solution and Rs 22.09 container-1 for  ½ strength solution grown plants) than 
the Imai’s 1987 solution recipe(Rs 18.22 container-1 for full strength and Rs 8.31 for ½ strength solution grown 
plants). In  the present  study ,for making Cooper’s 1988 recipe solution  the most part of the ingredients/chemicals 
were of lab’s grade(imported ones) having higher costs, while, those used for making Imai’s 1987 recipe solution ,a 
part of the ingredients/chemicals were of local company having the costs lower than  the imported ones. Hence the 
solution cost L-1 was less (Rs 1.02) as compared to the Cooper’s solution cost (Rs 2.11 L-1). Although the solution 
costs for Imai’s 1987 recipe were comparatively low but yield container -1  and crop  revenues   container  -1  too were 
also lower than we got from plants grown in Cooper’s 1988 recipe  solutions. The results of Bradley  and Marulanda 
(2000), to  a greater extent  are supportive to our study, who mentioned the cost of nutrients solution around  US$  
0.90 (Rs 72.00) for  m -2   lettuce crop  in their paper on  simplified hydroponics to reduce  global hunger.                                            

 
Average Total Cost of Growing Lettuce Crop Container -1(Rs) 
 Table I indicated that the average total cost differences for growing lettuce in different strengths of the two 
nutrients solution recipes were statistically significant. The highest average total cost (Rs.56.89 container-1) was 
calculated for the plants grown in full strength solution of the Cooper’s 1988 recipe, which was followed by  ½ 
strength solution grown plants of the same recipe(Rs.42.09 container-1) and full strength solution grown plants of the 
Imai’s 1987 recipe (Rs38.22 container-1). Whereas, the lowest average total cost (Rs.26.31 container-1) was spent on 
plants grown in ½ strength solution of the Imai’s 1987 recipe (Table I). The average total cost actually depends on 
the industry working in this business. Because of a developing country where hydroponics has not yet been known 
much we did feel difficulty in collecting materials for higher costs due to certain chaos at the time of materials 
purchase. The materials costs could be reduced if certain other types of container are used or this technology is 
promoted under the patronage of Agriculture Ministry of the Federal Government. Bradley and Marulanda (2000) 
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mentioned the total cost of growing lettuce in a simplified hydroponics around US$1.67 (Rs. 133.60) and if we 
compare our costs these are not higher. 
 
Average Crop Revenues Obtained Container1 (Rs) 
 The average total crop revenues obtained from lettuce crop grown in full strength solution of Cooper’s 
1988 recipe were maximum (Rs.48.51 container-1), which were followed by ½ strength solution grown plants of the 
same recipe (Rs.40.90 container-1) and full strength solution grown plants of the Imai’s 1987 recipe (Rs.32.26 
container-1). However, significantly the lowest/minimum revenues (Rs.29.19 container-1) were obtained from lettuce 
crop grown in ½ strength solution of the Imai’s 1987 recipe (Table I). We calculated the values of our produce 
according to the existing local market rates, hence these revenues seem lower than those, which could possibly or 
would have been obtained by selling the produce in to the supermarkets/bigger fast food restaurants. Not enough 
literature could have been accessed in this regards, however, according to Bradley and Marulanda (2000), the 
revenues of lettuce crop grown in simplified hydroponics (a method little similar to ours) could generate up to 
US$3.66 (Rs.292.80) m-2. Moreover, improvements in revenues could be made upon commercialization of the 
technology as well as the market demands that are linked to the economic conditions of the people in an area.. 
 
Benefit Cost Ratio (BCR) Container-1Based on Solution Chemicals Cost Only (Rs) 
 The BCR values as shown in Table I, demonstrate the returns for every Rupee spent/invested. These were 
calculated/derived using the formulae given by Kapp and Vasta (2003) which states that: BCR or CBR= Benefits / 
Cost. BCR values are considered feasible/acceptable when these are greater than one (≥ 1). While, these ratios are 
not acceptable / not feasible when less than one (≤ 1). The suggestions/ guidelines of Sugden and Williams (1985) 
were also kept in view while calculating these ratios. The better benefits costs ratio (3.52:1)was  recorded for the 
plants grown in ½ strength solution of the Imai’s 1987 recipe, which was followed, by ½ strength solution grown 
plants of the Cooper’s 1988 recipe (1.86:1) and full strength grown plants of the Imai’s 1987 recipe (1.77:1). 
Whereas, the lowest benefits cost ratio (1.32:1) has been observed for the plants grown in full strength solution of 
Cooper’s 1988 recipe The ratios for full strength solution of Imai’s 1987 recipe and ½ strength solution of Cooper’s 
1988 recipe were almost statistically similar (Table ,I). As the ½ amount of solution chemicals was used for making 
the ½ strength solutions of both the recipes, therefore, the better ratios seen for this category of containers needs a 
further analysis of a broader perspective before considering their feasible use. However, it appears from our results 
that the lettuce has been a crop, which can tolerate a little acidity and feels no problem even in Imai’s 1987 recipe. 
The benefits costs ratios could however, be improved by reducing the production cost/nutrients materials costs and 
improving the technique. Bradley and Marulanda (2000) have rightly advocated for simplified hydroponics, which 
could give a benefits cost ratio of US$ 4.00:1.00. 
 
Benefit Cost Ratio (BCR) Based on Total Cost Container-1 (Rs.) 
 Data regarding the benefits cost ratio (BCR) for growing lettuce (based on nutrients costs + other materials 
cost) as given in Table I, was also derived according to the guidelines of Kapp and Vasta (2003), Sugden and 
Williams (1985).  This data  revealed that the BCR were significantly better (1.03:1 and 0.98:1) for the lettuce plants 
grown in containers having ½ strengths solutions of both the recipes (Imai’s 1987 and Cooper’s 1988 respectively), 
which were statistically alike. Whereas, these ratios for full strength solution grown lettuce plants in both the recipes 
(Cooper’s 1988 and Imai’s 1987respectively), were also statistically similar (0.85:1 and 0.84:1). Since, these ratios 
were based on average total costs that included the nutrients solution chemicals and a part of these chemicals used 
for preparing the Imai’s 1987 recipe were of local firms which were comparatively cheaper than Merk’s lab grade 
chemicals (imported ones), hence the better ratios were observed. However, the BCR could be improved greatly by 
reducing the materials and chemicals cost by involving the industry and the Government. Bradley and Marulanda 
(2000) mentioned of a benefits cost ratio of US $2.19: US$1.00, which is indicative of the improvement in technique 
as well as the skills. And as it was our beginning and had fewer skills, so, possibilities are there for improvement. 
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Fig.  3.    Nutrients solution pH as observed/adjusted during the lettuce crop growth period 
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Fig.  4. Nutrients solution EC as observed/adjusted during the lettuce crop growth period 

 
CONCLUSION AND RECOMMENDATIONS 

The lettuce crop grown in (full and half strength) solutions of Cooper’s 1988 recipe took significantly less 
number of days to first harvest) as compared to Imai’s 1987 recipe), produced more average number of leaves    
plant-1, larger average leaf length, more average LAI, more number of roots plant-1, longer roots, more average leaf 
yield plant-1 of single harvest more leaf yield pot-1, more average leaf yield container-1, more nutrients solution 
consumed, more cost of nutrients solution consumed, more average total costs container-1 as well as more average 
revenues obtained container-1 as compared to the corresponding values obtained from growing the same crop in 
Imai’s  recipe. The benefits costs ratios (both on solution chemicals cost basis as well as on total cost basis) were 
though acceptable ones for Cooper’s recipe grown crop but these ratios were much better for Imai’s recipe grown 
crop because the recipe’s ingredients/chemicals were partly of the local origin having their cost lower than those 
used for making Cooper’s recipe. There is a need to accommodate more number of planting pots in each solution 
container/ tub, if the lid of the container / tub is not too weak so that the yield/returns container-1 is increased. More 
over, to keep the crop in vigorous and to draw maximum benefits, time to time adjustments in the nutrients solution 
pH and EC are recommended. 
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