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ABSTRACT 

 Plants of the cucumber variety ‘Market-more’ were grown in 13-litre plastic trash bins using ½ and 
full strength  Cooper’s  and Imai’s nutrient solutions on a randomized complete block design xperimentin the 
greenhouse facility of [insert full words here followed by acronym in parentheses] Institute of Biotechnology 
and Genetic Engineering (IBGE) NWFP Agricultural University, Peshawar ,Pakistan ,during 2006 spring 
season. Though days to flowering were not affected significantly by the nutrient solutions and their strengths, 
the fruits matured 8-15 days earlier in the full- and  ½-strength Cooper's solutions, respectively, as compared to 
those grown in corresponding strengths of Imai’s solution. Likewise, the number of male(♂) flowers plant-1 (471 
and 451.4 plant-1), number of female (♀) flowers plant-1 (37 and 32 plant-1), male( ♂) to female(♀) flowers ratio 
plant-1 (12.83:1 and 13.44:1), average number of fruits plant-1 (26.58 and 23.39 plant-1), average fruit weight ( 
195.7 g and 171.9 g), stem length (3.57 m and 3.46 m),  and average fruit yield plant-1/ container-1 (5.75 kg and 
5.71 kg plant-1) were significantly higher for plants grown in ½ and full strength  Cooper’s solutions  as 
compared to the plants grown in corresponding strengths of Imai’s solution.. The amounts of nutrient solution 
consumed (113.3 l and 104.3 litres plant-1) by the plants grown in Cooper’s (1/2 and full strengths) were 
significantly higher than those grown in corresponding strengths of Imai’s solution. The cost-benefit- ratio 
(CBR) based on solution chemical costs was higher (Rs 1.04:1.00 and Rs1.02: 1.00) for half-strength grown 
plants of both recipes,while the CBR based on average total cost container-1 was lower) in full strength 
Cooper's and Imai's solutions (Rs 0.45: 1.00 and Rs 0.56: 1.00, respectively). . However, the CBR values for ½ 
strength solution-grown plants were within the acceptable range: Rs 0.88:1.00 for Cooper’s solution-grown 
plants and Rs 0.70: 1.00 for Imai’s solution-grown plants. 
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INTRODUCTION 

With rapid urbanization,industrialization and demographic increase in population to feed the people, 
improvement in agricultural/horticultural production is needed through the use of new technologies. . The  non-
circulating hydroponics technology is  surely one of the options  for growing fresh vegetables for home 
consumption by the  city dwellers . Although the hydroponics technology in the developed world has gone much 
ahead, however, it is not too late to start the use of this technology..it does not involve much of the initial 
investment and could be  considered as a method of suspended pots in a nutrient solution container for growing 
freshvegetables. 
                                                                                                                                                                                                                 

The entire crop  could be grown in a nutrients solution container with a single filling and every one can  
practice this technique with little care to produce fresh vegetables in his court yard, veranda or  on a roof top 
with out using soil as a growing medium    ( Imai 1987 and Kratky 2002). In  styrofoam containers of 25 cm (H) 
x 54 cm (L) x 34 cm (W) containing a nutrients solution of (mgL-1) NO3-N 140, P2O5 80.2, K2O 434, CaO 224, 
MgO 80.6, Fe (EDTA) 3, Mn 0.5, Cu 0.02, Zn 0.05, B 0.5, Mo 0.01,, Imai (1987) planted cucumber seedlings 
and obtained 256 fruits (from 48 plants) with the total yield of 23.3 kg and average fruit weight of 91 g in the 
first   two weeks of harvest , beginning one month from seedling planting. He also increased the yield to 15 kg 
plant-1 when the crop was allowed to grow for 5 months. Likewise, Kratky (2003) devised a non-circulating 
hydroponics system for growing cucumbers which comprised plastic trash bin containers of 30-35 gallons 
capacity with lids in which the cucumber seeds could be planted in 21 cm long forestry tubes containing the 
growing medium (coir dust or vermiculite). The lower 2.8 cm of the forestry tubes was immersed in nutrient 
solution and the plants grew until less than 10% solution was left. He obtained the first harvest 50 days from 
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seeding, and the maximum yield exceeded 7 kg plant-1 from a barrel of 120 liters. He mentioned that 3.5 kg is 
the normal yield of cucumber plant-1.  
 
 Kao (2005) obtained a yield of 2.48 kg plant-1 in 90 days from cucumbers grown in a dynamic root 
floating (DRF) hydroponic system having a nutrient concentration of (mg L-1), NO3-N 6.0, NH4-N 0.5, PO4-P 
3.0, SO4-S 1.5, K 4.0, Mg 2.0, Ca 4.0, Fe (EDTA ppm) 2.5, B 0.2, Mn 0.2, Zn 0.01, Cu 0.01, Mo 0.01, pH 6.0, 
EC 1.0 mmho cm-1. Stem length of 140-160 cm and average fruit weight of 220 g, equatorial length of 16.5 cm, 
diameter 6.5 cm and LAI of 175 m2 leaf-1 were obtained by Gomez-Lopez et al. (2006) when cucumbers were 
grown in NFT 8 liter- polythene bags containing a nutrient solution concentration of (M Mol L-1 of 13.0 No-

3, 1.7 H2PO-
4 , 

O.5 NH+
4, 7.5 K + , 3.5 Ca+, Mg+ 2.0 with pH 5.5-6.0 and EC =2.2 m S cm-1.  

 
 This study  makes a comparison of  two nutrient solution formulations and analyses their cost-benefit 
ratios (CBR) with a view to promote non-circulating hydroponic technology for growing fresh vegetables in the 
cemented houses of the Pakistan’s Pakistani people living in the cities.    
 
MATERIALS AND METHODS 

The studies reported here were undertaken in the greenhouse facilities of the Institute of Biotechnology 
and Genetic Engineering (IBGE) at NWFP Agricultural University, Peshawar during spring 2006. The design of 
the experiment was randomized complete block design having three replications and four treatments and each 
treatment comprised of three solution containers (one plant in each container). 

 
 Seeds of cucumber cultivar 'Market-more-76' were sown in disposable plasticcups/pots of upper 
diameter 6.5 cm, lower diameter 3.5 cm and length/height 9.5 cm (with multi-holes at the lower portion for 
emerging roots) having smoked rice hull as the growing medium. The pots/cups were fixed in a 2.5 cm thick 
polystyrene lid placed on a plastic trash bin of 13 liters capacity (25 cm L x 21 cm W x 33 cm H. Cooper’s 
nutrient solution at full strength consisted 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. At half strength Cooper's solution consisted 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. Imai’s solution at full strength 
consisted of (mg L-1) NO3-N 140.0, P2O5 80.2, K2O 434.0, CaO 224.0, MgO 80.6, Fe (EDTA) 3.0, Mn 0.5, Cu 
0.02, Zn 0.05, B 0.5, Mo 0.01. The ½ strength solution of this recipe consisted of (mg L-1) NO3-N 70.0, P2O5 
40.1, K2O 217.0, CaO 112.0, MgO 40.3, Fe (EDTA) 3.0, Mn 0.5, Cu 0.02, Zn 0.05, B 0.5 and Mo 0.01. The 
solution containers were placed on greenhouse benches. The data on various parameters as given below were 
collected and analyzed statistically using M StateC software and LSD test as described by Gomez and Gomez 
(1984).  
 

i. Days to flowering  
ii. Days to harvestable maturity 
iii. Number of staminate flowers plant-1

iv. Number of pistillate flowers plant-1

v. Male (♂) to female (♀) flowers ratio plant-1

iii. Number of fruits plant-1

vii. Average fruit weight (g)  
viii. Stem length / plant height (m)  
vii. Average fruit yield plant-1 / container-1 (kg) 
x. Amount of nutrients solution consumed plant-1 (Liters)   
xi. Average total growing cucumbers in a 13 liters plastic trash bin (Rs)  
xii. Average crop revenues obtained container-1 ( in Rs) 
xiii. Cost-benefit- ratio of growing cucumbers based on chemical cost container-1 only (in Rs)  
xiv.Cost-benefit-ratio of growing cucumbers based on average total cost container-1 (in Rs) 

 

RESULTS AND DISCUSSION  

 The results of various parameters studied in this experiment during the 16 weeks crop duration are 
presented in Table I and discussed under parameter-wise headings in the following paragraphs. 
 
Days to First Flowering  

 As indicated in table-I the days taken by cucumber from seed sowing to the first flowering ranged from 
50.78 to 52.84 in different strengths of both the hydroponics nutrients solution recipes. The nutrients solution 
recipes (Cooper’s 1988 and Imai’s 1987 recipes) and their strength (Full and ½ strengths) did not influence the 
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days to first flowering in cucumber. Only the flowering occurred 1-2 days earlier in full strength solutions of 
both the recipes as compared to the corresponding ½ strength solutions. This might have been due to the variety 
of the cucumber used and the pH, EC conditions of the nutrients solution which was not up to optimal standards 
specially incase of Imai’s 1987 solution recipe. The results of AVRDC (1986), Tsay et al (1987), Imai (1987), 
Karatky (2003) with regards to the first flowering in cucumber remained in the same range as ours; however, 
little variations noticed in  these results could be attributed to the differences of variety, pH and EC conditions 
of the nutrients solution that were  maintained during the crop growth period.        
 
Days to Harvestable Maturity   

 Data regarding the days to harvestable maturity in cucumber after seed sowing is presented in Table-I. 
The numbers of days to harvestable maturity were significantly influenced by different nutrients solution recipes 
(Cooper’s 1988 and Imai’s 1987 recipe). However, the different strengths (Full and half strength) had no 
significant effect on days to harvestable maturity. 
 
 Cucumber fruit matured earlier (in 72 days) when grown ½ strength solution of Cooper’s 1988 recipe, 
while these took two more days (74.11 days) in full strength solution of this recipe. Fruit maturity in Imai’s 
1987 recipe was delayed for 15 days in ½ strength solution where the crop took 87.48 days to harvestable 
maturity after seed sowing. However, the differences in days to harvestable maturity of cucumbers grown in 
both the strengths (Full and ½ strength) of Imai’s 1987 recipe were non-significant. Our results though differ 
Imai (1987) and Kratky (2003) who obtained the first harvest in 30 days of transplanting and 50 days to seeding 
respectively, but are almost in the same range of Kao (2005) who obtained the first harvest in about 90 days of 
seeding.   
 
Average Number of Staminate (♂) Flowers Plant-1

  As shown in Table-I the differences pertaining to the average number of staminate (♂) flowers plant-1 
between the cucumber plants grown in both the strengths (full and ½ of Cooper’s 1988 recipe were statistically 
significant while, those of Imai’s 1987 recipe were non-significant. Maximum number of staminate/ male 
flowers were borne on plant grown in full strength solution of the Cooper’s 1988 recipe, whereas, 451.40 plant-1 
on those grown in ½ strength solution of the same recipe. While, the minimum staminate/ male flowers (413.00 
plant-1) were borne on plants grown in ½ strength solution of the Imai’s 1987 recipe. Although the cultivar 
Market-more used in this study was monoecious, however, the variations it showed in different strengths 
solutions of the two recipe were probably due to the varying stem growth as well as pH and EC of the solutions 
at which the nutrients uptake varied .This ultimately caused the variations in stem growth  and the production of  
staminate flowers plant-1  .. 
 
Average Number of Pistillate (♀) Flowers plant-1

 As it is evident from Table-I that the average number of pistillate flowers plant-1 obtained from plant 
grown in full strength solution of the Cooper’s 1988 recipe were maximum (37.0 plant-1) while, the ½ strength 
solution (of the same recipe) grown plants produced significantly lower number of pistillate flowers plant-1 
(31.70 plant-1). Whereas, the minimum number of pistillate flowers (18.33 plant-1) were borne on plants grown 
in ½ strength solution of Imai 1987 recipe. The variations in number of pistillate flowers on plants grown in 
both the strengths (Full and ½) of Imai’s 1987 recipe were statistically at par. The higher number of pistillate 
flowers produced in different strengths of the Cooper’s 1988 recipe were due to the better pH ranges of the 
solutions in which  cucumber plants  remained healthy and vigorous producing more number pistillate flowers 
plants-1.  
 
Male ♂ to Female ♀ Flowers Ratio Plant-1

 The male to female flowers ratio plant-1 was higher  (13.44 : 1 plant-1) for plants grown in ½ strength 
solution of Cooper’s 1988 recipe, followed by 12.83 : 1 plant-1 for plants grown in full strength solution of the 
same recipe (Talble-I). The male to female flowers ratio plant-1 was greater  (22.55:1 plant-1) for plants grown in 
half strength solution of Imai’s 1987 recipe followed by 11.43 : 1 for plant grown in full strength solution of the 
same recipe. Cooper’s 1988 recipe has been better with regards to male to female flowers ratio of cucumber 
plant because of this recipe’s better formulae of nutrients combinations which maintained better pH of the 
solution supporting vigorous stem growth. Whereas, the Imai’s 1987 recipe could not be considered as  an 
advantageous one because of the greater ratios of male: female flowers produced plant1, More over, the 
solutions of this recipe (Imai’s 1987 recipe) prepared in an ordinary tap water showed fluctuations in the 
solution pH ranges  which influenced the stem growth as well as produced more male flower as compared to the 
female flowers plant-1 (a greater  male: female flowers ratio plant-1   ). 
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Average Number of Fruits Plant-1 

 There was a significant variation in the average fruit number amongst plants grown in different 
strengths of the two nutrients solution recipes (Table-I). Cucumber plants grown in full strength solution of the 
Cooper’s 1988 recipe produced maximum number of fruits (26.56 plant-1), followed by (23.39 plant-1) those 
grown in ½ strength solution of this recipe. While, the plants grown in ½ strength solution of Imai’s 1987 recipe 
produced the minimum number of fruits (13.48 plant -1). The number of fruits plant   recorded for full strength 
solution grown plants of Imai’s 1987 recipe was significantly higher (15.56 plant-1) than the ½ strength grown 
plants of this recipe. 
 
 Maximum number of fruits plant-1 obtained in either strength of the Cooper’s 1988 recipe was probably 
due to the optimal pH range it maintained which influenced more nutrients uptake as compared to the either 
strengths of the Imai’s 1987 recipe where the overall plant growth and productivity was lower due to 
fluctuations of solution pH and EC.   
 
Average Fruit Weight (g) 

 Significant variations in the average fruit weight were observed in cucumbers grown in different 
strengths of the two nutrients solution recipes (Table-I). Fruits of maximum average weight (195.70 g) were 
obtained from plants grown in full strength solution of the Cooper’s 1988 recipe, followed by 171.90 g in ½ 
strength solution grown plants of the same recipe. Whereas, the minimum average fruit weight (137.40 g) was 
recorded in cucumber plants grown in ½ strength solution of the Imai’s 1987 recipe. The full strength solution 
grown plants of Imai’s 1987 recipe had the average fruit weight of 146.50 g. 
 
 AVRDC (2000) reported the similar results regarding the average fruit weight of two bitter melon 
varieties (170—400 g) grown in a non-circulating hydroponics method using polystyrene boxes containing 35 
litres of Manutec hydroponic nutrients(215 ppm N,37 ppm P and 218 ppm K) plus the micronutrients. The 
reduced average fruit weight in our experiment for plants grown in Imai’s 1987 recipe was due to the poor 
growth of plants in this recipe, where the solution pH variations were higher resulting in poor growth and 
reduced fruit size/weight. 
 
Average Stem Length/Plant Height (m) 

The plants grown in full strength solution of Cooper’s 1988 recipe had maximum stem length of 3.57 
m .While, the cucumber plants grown in ½ strength solution of the same recipe had the stem length of 3.46 m 
being statistically at par with the full strength grown plants of this recipe (Table-I). 

 
Whereas, the stem length of cucumber plants grown in Imai’s full strength solution was 2.84 m 

significantly higher than the ½ strength solution grown plants of this recipe which was the lowest (1.56 m). 
These results are in close conformity with those of Gul et al (2007) who grew cucumbers in an organic 

as well as in inorganic nutrients solutions and recorded the stem length of 305.5 cm and 328.3 cm. 
 
The lowest stem length of cucumber plants as noticed in our experiment for Imai’s 1987 recipe could 

be attributed to the poor pH and EC conditions at which the plant growth also remained comparatively restricted 
due to the reduced nutrients uptake. 

 
Average Fruit Yield (kg Plant-1/Container-1) 

The cucumber plants grown in full strength solution of Cooper’s 1988 recipe gave the maximum 
average fruit yield of 5.75 kg plant -1 with no significant differences with the cucumber plants grown in ½ 
strength solution of the same recipe (yield 5.71 kg plant -1 ). Whereas, the full strength solution grown plants of 
Imai’s 1987 recipe gave comparatively better yield (3.23 kg plant -1) than the ½  strength solution grown plants 
of this recipe (yield 2.25 kg plant -1). 

 
Nonetheless average fruit yield of ½  strength Cooper’s 1988 recipe grown plants (5.71  kg plant -1) 

remained statistically at par with those grown in full strength solution of the same recipe (5,75 kg plant -1) which 
could be referred to the better nutrients strength/ nutrients ingredients of this recipe (Table-I). 

Our results for Cooper’s 1988 recipe largely remained in conformity with those of Kratky (2005), who 
developed his own non-circulating hydroponics kit / method including the nutrients solution formulae that could 
give cucumber yield of about 7.0 kg plant-1 in a nutrients solution barrel of 120 litres in 90 days of  seeding. 
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Average Amount of Nutrients Solution Consumed (litres)  

The cucumber plants grown in full strength solution of the Cooper’s 1988 recipe utilized the maximum 
amount of the nutrients solution (113.30 litres plant-1) followed by the half strength solution grown plants in the 
same recipe (104.30 litres plant -1). Where as, the plants grown in Imai’s 1987 recipe utilized comparatively 
lower amounts of the nutrients solution (93.16 litres plant -1 by full strength grown plants and 86.33 litres plant -

1by ½  strength grown plants),  however, these two strengths grown plants were statistically  alike. (Table I). 
 
Our results for Cooper’s 1988 recipe grown cucumbers have been in accordance with those of Kratky 

(2000) and   Kratky (2005) who mentioned that cucumbers grown in 120 litres barrel usually produced around 
7.0 kg of  fruits in about 90-100 days of seeding and the crop was terminated when 90 % of the solution was 
consumed.  

Similarly Gomez–Lopez (2006) also mentioned that the nutrients/ water consumption of cucumber 
plants was around 116 litres plant -1 in 75 days. While, during winter in perlite it remained 62 litres plant -1 and 
in NFT it was up to 81 litres plant -1.  

 
Average Total Cost of Growing Cucumbers Container-1 (in Rs) ( in 13 Litres Plastic Trash Bin).  

Significant differences were observed in the average total cost of growing cucumbers in the different 
strengths of the two nutrients solution recipes (Cooper’s 1988 recipe and Imais 1987 recipe). The average total 
cost of growing cucumbers in full strength of the Cooper’s 1988 recipe was significantly higher (Rs.254.98 
container-1) followed by the ½ strength   solution grown plants of the same recipe (Rs. 130.06 container -1).  

 
In Imai’s 1987 solution recipe of full strength the average total cost was lower (Rs. 115.02 container -1). 

While, it was the lowest (Rs. 64.03 container -1) for ½ strength solution grown plants of Imai’s 1987 recipe 
(Table I).  

 
Since the solution cost for Cooper’s 1988 recipe was higher, hence the total cost of growing cucumbers 

in this recipe was also higher than Imai’s 1987 recipe grown plants. However, these costs could be reduced 
enormously by using the locally made chemicals(K-NO-, , H-PO- , Ca NH- NO-, Zn SO- ,.CuSO-,,MnSO- 
Boric acid,,NH-MoO-  etc.,especially bred gynoecious cultivars as well as through the better maintenance of 
solution pH and EC  through the use of acid or base solution and water.  

 
Average Crop Revenues Obtained Container-1 (in Rs ) (in13 Litres Plastic Trash Bin)  

Cucumbers plants grown in either strength (full and half) of the Cooper’s 1988 recipe gave almost 
statistically the same results regarding the average crop revenues (Rs. 114.93 and Rs. 114.27 container -1 
respectively). While, the full strength solution grown plants of Imai’s 1987 recipe showed significant variations 
(Table- I). The full strength Imai’s 1987 recipe grown plant gave the average crop revenues of  Rs. 64.43 
container -1 as compared to Rs. 44.93 container-1 obtained from the  plants grown in ½ strength solution of the 
same recipe.  

 
The average crop revenues obtained were based on the prevailing market price of the ordinary local 

market. However, with the appropriate maintenance of  the solution pH and EC as well as through selling of 
produced to  the super markets or big hotels, the revenues could be increased significantly. Bradley and 
Marulanda (2000), Sait (2004), and Kao (2007) had commented that income/revenues from cucumbers grown in 
simplified hydroponics varied from US $ 0.34 , US $ 1.81 m-2 and up to US$ 6.89 respectively.  
 
Cost Benefit Ratio (CBR) of Growing Cucumbers Container-1based on Nutrient’s Chemicals Cost only  
( in Rs) 
 The CBR 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. CBR values are considered feasible/acceptable when these are greater than one(> 1). While, thses 
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 cost benefit ratios ( CBR) were poor (Rs. 0.49: 1.00 and Rs. 0.68:1.00) for cucumbers grown in 
full strength solutions of both the recipes (Cooper’s1988 and Imai’s 1987 recipes) respectively. However, the 
CBR were significantly better and more feasible for cucumbers grown in ½ strength solutions of the both 
recipes (Rs. 1.04: 1.00 for ½ strength Cooper’s 1988 recipe and Rs. 1.02:1.00 for ½ strength Imai’s 1987 
recipe). This was mainly because the nutrients chemicals used were of the  Merk’s lab grade and half amount of 
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these chemicals were used for making the ½ strength solution as compared to their corresponding full strength 
solutions.  

 
In our experiment the use of  imported chemicals over-shadowed the benefits obtained in Cooper’s 

1988 recipe which has been a comparatively better recipe througout this study.The merely feasible CBR values 
noted for either strength of the Imai’s 1987 recipe could be attributed to the use of some  of the ingredients were 
of local origin. 

  
These results indicated that better CBR values could be obtained from Cooper’s 1988 recipe, by 

maintaining the pH and EC of the solution and the use of especially bred cultivars as well as locally made 
chemicals/recipe ingredients.  

 
Cost Benefits Ratio (CBR) of Growing Cucumbers Container-1(13 Litres Plastic Trash Bin) based on Total 
Cost Container -1(in Rs) 

These  values were also calculated/derived using the formulae given by Kapp and Vasta (2003) which 
states that : BCR or CBR= Benefits / Cost.The suggestions/ guidelines of Sugden and Williams (1985) were also 
kept in view while calculating thse ratios. 
 

The cost benefit ratio (CBR) of cucumber plants grown in full strength solution of Cooper’s 1988 
recipe and Imai’s 1987 recipe were Rs 0.45: 1.00 and Rs 0.56: 1.00 respectively. Whereas, the CBR for ½ 
strength solutions of the Cooper’s 1988 recipe were Rs 0.88: 1.00 and for Imai’s 1987 recipe Rs 0.70:1.00. The 
poor BCR values (< Rs 1.00) were due to the reason that expensive (Merk’s Lab grade) chemicals were used for 
this study. These values/ratios could be improved by using the especially bred gynoecious cultivars and locally 
manufactured chemicals/fertilizers viz K-NO-, , H-PO- , Ca NH- NO-, Zn SO- , CuSO-, MnSO- Boric acid, 
NH-MoO-  etc. 

 
Several researchers/analysts (Bradley and Marulanda 2000, Sait 2004 and Kao 2005) highlighted the 

gross returns or net income (in terms of US dollars) that could possibly be obtained from growing cucumbers in 
soil less/ hydroponics method. Looking upon the data of Bradley and Marulanda (2000) it could safely be 
inferred that the BCR obtained from cucumbers crop in a 2 m-2 bed grower of simplified hydroponics remained 
US$ 1.00 : 0.62 which is highly in accordance with the ratios we obtained.  

 
Table I.  Comparison of  two nutrients solution recipes for growing cucumber cultivar Market-more 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 

Days to first flowering  50-78 51-89 50-44 52.89 NS 
Days to harvestable Maturity  74.11 b 72.00 b 81.93 a 87.48 a 5.883 
Number of staminate flowers Plant-1 471.00 b 451.40 b 417.00 c 413.00 c 8.078 
Number of pistil late flowers plants-1 37.00 a 31.70 b 21.49 c 18.33 c 3.347 
Male to female flowers ration plants-1 12.83 :1c 13.44 : 1c 19.43 :1 b 22.55 : 1a 2.038 
Number of fruits plants-1 26.56 a 23.39 b 15.56 c 13.48 d 1.873 
Average fruit weight (g) 195.70 a 171.90 b 146.50 c 137.40 c 9.358 
Average stem length (m) 3.57 a 3.46 a 2.84 b 1.56 c 5.778 
Average fruits Yield Kg plant1) 
container-1

5.75 a 5.71 a 3.23 b 2.25 c 0.525 

Average amount of nutrients  solution 
consumed plant-1 (litres) 

113.30 a 104.30 b 93.16 c 86.33 c 7.142 

Average total cost of growing 
cucumbers container-1 (in Rs) 

254.98 a 130.06 b 115.02 c 64.03 d 10.857 

 Average crop revenues obtained 
container-1 (in Rs) 

114.93 a 114.27 a 64.53 b 44.93 c 10.510 

Cost benefit ratio of growing 
cucumbers based on nutrients 
chemical cost(in Rs)  

 
0.49 c 

 
1.04 a 

 
0.68 b 

 
1.02 a 

 
0.063 

Cost benefit ratio of growing 
cucumbers container (based on 
average total cost container-1 (in Rs) 

 
0.45 d 

 
0.88 a 

 
0.56 c 

 
0.70 b 

 
0.063 
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CONCLUSION AND RECOMMENDATIONS 

 For growing cucumber crop in a non-circulating hydroponics system, Cooper’s 1988 nutrients solution 
recipe of full strength proved better than the Imai’s 1987 solution recipe because of early fruit maturity, greater 
number of pistillate flowers plant-1, better male to female flowers ratio plant-1, more number of fruits plant-1, 
better average fruit weight, stem length, fruit yield plant-1, average crop revenues, and CBR values (based on 
solution chemical’s cost). Tha better results obtained with the use of Cooper’s 1988 recipe were mainly due to 
the recipe’s ingredients/ that helped to maintain the solution pH and EC with ordinary tap water with in the 
permissible range at which cucumber plants vigorously. The CBR values could be improved enormously with 
the use of locally manufactured standard quality chemicals/fertilizers instead of the expensive imported 
chemicals. 
 
 Since the cucumber is a long duration crop, hence the nutrients solution needs constant monitoring  for 
pH , EC and appearance of symptoms of certain micro-nutrients deficiency.. Because  in ½  strength solutions of 
both the recipes  these deficiency symptoms appear frequently which need correction and even sometime need 
solution replacement. Moreover, during high summer temperatures the development of muciligenous moss on 
the surface of the nutrients solution could appear that usually masks the oxygen absorbing roots which  may lead 
to plants death. 
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