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Agricultural land is limited in urban society nowadays and become one of problems in urban farming. 
Cultivation technique with verticulture with planting bag wall can be an alternative to increasing crop 
productivity by increasing plant population per unit area in the limited land. The higher plant population in 
verticulture will affect the humidity and irrigation process. This research was conducted to determine the 
effect of irrigation interval and number of plants per pocket, which is effective and efficient to the growth 
and yield of lettuce (Lactuca sativa var. Longifolia). This study was carried out in Tutur, Pasuruan East 
Java between February until May 2017. The experiment was arranged in split-plot design with main plot 
of irrigation interval (every 2, 3, and 4 days) and the numbers of plant per pocket as a sub plot. 
Parameters observed consist of plant length, leaf area, specific leaf area, fresh weight per plant, fresh 
weight per pocket, fresh root weight, fresh weight of upper part, plant dry weight, dry weight of upper 
part, root dry weight, and shoot/root ratios. The results showed that 2 and 4 plants per pocket bag were 
significantly positive effect on the growth of lettuce and 4 plants per pocket could increase fresh weight 
per unit area. In addition, the number of 4 plants per pocket with irrigation interval once every 2 days 
increased thefresh weight per unit area with value of B/C ratio of 4.7. 
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INTRODUCTION 

Increased population in Indonesia followed by 
the increasing settlement construction will 
reduced land area that available for agriculture 
with the current population of Indonesia reaching 
257.9 million and a projected population of about 
305.5 million by 2035, also urbanization rate of 
about 0.209%. Limitations of agricultural land is 
becoming one of the problems by residents who 
live in urban areas. Verticulture likes using 
planting bag wall hanging is an agricultural 
alternative system in urban areas. Sutarminingsih, 
2003, stated thatverticulture system is a form of 
integrated agriculture in urban area that aims to 
produce urban food in sustainable way, and better 
for the environment on urban development. 
Verticulture is a system of agricultural cultivation 
where the planting area arranged vertically or 

terraced to allow the efficiency of limited land, that 
can produce the same as a normal land an it can 
beused either indoors or outdoors, it is also 
suitable todo cultivation on a limited land or in the 
home yard (Liferdi and Saparinto, 2016), Based 
on the research of Widarto (1994), the type of 
plants that is suitable for verticulture are almost all 
types of seasonal plants that growth not too high 
with maximum height 100 cm such as most of the 
annual plant:vegetables, fruits, and ornamental 
plants; someseasonal plants: mustard, lettuce, 
cabbage, caisim, kailan, celery, kale, pakcoy, 
radish, onion, tomato, eggplant and chili: and also 
some seasonal crops such as cucumbers, melons 
and peas. 

Fragrant lettuce is one kind of vegetables that 
can be cultivated in urban areas as an effort to 
fulfill the nutritional needs of urban communities 
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through verticulture or vertical urban farming. 
Lettuceis not domestic plants from Indonesia, but 
lettuce is suitable to be cultivated in Indonesia 
andgenerally consumed as a salad. Lettuce 
cultivation is not complicated as long as the 
planting medium contains enough nutrient, 
organic matter, sunshine and adequate water. 
Lettuce also contains many minerals and vitamins 
that are useful for health (Pracaya and Kartika, 
2016). Lettuce are edible food as fresh salad or 
food processed. In addition, lettuce is a vegetable 
that are easyto cultivate by the community. Putera 
(2015), stated that lettuce contains of vitamin A, 
B6, C, K, and also minerals such as calcium, 
potassium, lycopene, and iron. Lettuce are also 
useful to prevent cancer, improve liver health, 
maintain body weight, and relieve insomnia. 

To increase lettuce production, it is necessary 
to regulate the irrigation interval and the right 
population because this two factors are important 
aspect in cultivation. In verticulture system, good 
and efficient irrigation should be applied. There 
are various factors that can reduce humidity in 
verticulture. Sitawatiet al. (2015), stated that the 
planting medium in verticulture could affect the 
ability to hold water, jute materials can not hold 
water in the long term, and temperature conditions 
will also affect the humidity. Large pores will have 
an excessive evaporation of the media so that the 
medium dry quickly. High numbers of plant 
population planted also will affect the humidity of 
the land the water needs of the plants. The 
increasing number of population will have the 
most efficient water requirement of the plants. 
This statement is in accordance with Wachjar and 
Anggayuhlin (2013), that water absorption is 
related to the amount of water that plants use for 
the evapotranspiration process. On the research 
of spinach that grown with one seed per bag 
consumed the most water, followed by two seeds 
per bag, three seeds per bag, and then four seeds 
per bag.  

This study conducted to determine the 
interaction between periods of irrigation intervals 
with the number of plant per pocket, to know the 
optimum irrigation intervals and to know the 
proper number plant per pocket, thus the growth 
of lettuce will be optimum. The hypothesis of this 
research, first,the water demand will increase 
along with the increasing number of plants, 
irrigation intervals at 2, 3, and 4 days will showed 
a significantly different effect on the lettuce 
growth, and the second was the number of plant  
with 2 and 4 plants per pocket will significantly 
different on the lettuce growth. 

 
MATERIALS AND METHODS 

This research was carried out in Tutur village, 
Pasuruan, East Java with altitude 1041 m asl, 
23% moisture, and daily temperature 24oC. This 
study was conducted in February until May 2017. 
The tools that were used in this research consist 
of ruler, analytical scales, digital camera, oven, 
water pump, leaf area meter, hammer, yarn. The 
materials were using seeds of fragrant lettuce, 
charcoal husk, manure, cocopeat, galvalum roll, 
water, nutrient AB mix, and screws. Planting bag 
wall hanging material from geotextille with size 
100 cm x 80 cm and 20 cm x 20 cm per pocket 
(20 pocket per planting bag wall). 
       Irrigation intervalswere done according to the 
treatment that has been determined, which is 
onceevery 2, 3, and 4 days with the volume of 
water 200 ml per pocket. Furthermore, the 
application of nutrients AB Mix with concentration 
of 5 mL L-1 with irrigation water 200 mL per pocket 
twice simultaneously by watering the plants. 
Fertilization were done with 2 days irrigation 
interval at 6 until 14 dap, 3 days irrigation interval 
at 6 until 15 dap, and 4 days irrigation intervals at  
8 until 12 dap 
       This research was using Split Plot Design 
with irrigation interval as main plot and number of 
population as sub-plot. This study used 3 
replications. Main plot are irrigation interval (P), 
P1 (irrigation interval every 2 days); P2 (irrigation 
interval every 3 days) and P3 (irrigation interval 
every 4 days) and Sub-plotare = number plant per 
pocket (S), S1 (2 plants per pocket); S2 (4 plants 
per pocket). Plant growth observation variable 
consist of plant length, leaf number, and leaf area, 
and specific leaf area. While the yield 
observations consist of fresh weight per plant, 
fresh weight per pocket, total dry weight per plant 
and shoot / root ratio. Observations were done at 
14 dap with 5 days observation interval. Data 
were analyzed using variance analysis test. If 
there were significant effect then will be continued 
with Least Significant Different test (LSD). 
 
RESULTS 

Plant Lenght 
Watering is important to maintain the moisture 

of planting media as a source of minerals for 
photosynthesis. While, the population is the 
number of similar individuals in one area. 
Irrigation intervals and population numbers per 
planter bag will affect plant growth factors. The 
absorption of water and light will be optimized with 
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the optimum population and irrigation. The result 
of this research showed that there is no significant 
interaction between irrigation interval and the 
number of population per planting bag in all the 
growth components of lettuce. This is because the 
fragrant lettuce is a herbaceous plant, where the 
higher population will not affect the water 
requirement because of the characteristic 
herbaceous plants have a high enough water 
content to maintain its growth. 

The results showed that there was a decrease 
in plant length in the each increase in irrigation 
intervals (Figure 1a). The plant lengthon the 
irrigation interval 2 days is higher than the interval 
of 3 and 4 days. This happened because the 2 
days irrigation interval in the plant was more 
intensive, so that the moisture of planting media is 
maintained. Sari et al., (2016) stated that if plant 
lack of water will trigger hormone that inhibiting 
acid abscisers and inhibiting growth-stimulating 
hormone. Lack of water may inhibit the rate of 
photosynthesis, mainly because of its effect on 
the stomata guard cell turgidity. If water shortage, 
cell guard turgidity will decrease. Yavuz et al., 
(2016) suggests that increasingly frequent 
irrigation intervals will have a higher growth 
because the availability of water, so the 
absorption can be optimal. 

The number of 2 plants per pocket had plant 
length and number of leaves that was not 
significantly different with 4 plants but there was 
decrease number of leaf  along with the increase 
of number of plants (Figure 1b) because the 
higher population will cause the increasing of 
nutrient competition. Wachjar and Anggayuhlin 
(2013), stated that leaf area is strongly influenced 
by temperature, humidity, and light availability. 
The higher population will reduce the sunlight, 
nutrient, water availability because of competition 
between plants to absorb sunlight, nutrients, and 
water that used for the process of photosynthesis, 
if there is lack availability of water, nutrient, and 
sunlight, it will ultimately reduce the shoot growth.  

Number of Leaves 
The irrigation interval and the number of 

population per planter bag affect the lettuce 
number of leaves. The results showed that the 
irrigation interval once every two days had the 
highest number of leaves compared to the 
irrigation interval 3 and 4 days. This is because 
plants with irrigation intervals every 2 days has a 
high enough moisture, so that the water supply 
was available for plant photosynthesis. The 

number of plants had significant affects to the 
growth of fragrant lettuce.Two plants per pocket 
had better growth than 4 plants. Sari et al., (2016), 
stated that the frequency of watering once a day 
gives the best results because the fulfillment of 
water requirements were in theoptimum state for 
photosynthesis. The research of Widiatmoko et 
al., (2012), showed that drought stress will cause 
a decrease in the number of leaves because it 
reduce transpiration and maintain potential water 
in plants. Lack of water can disrupt the plants 
physiological processes that could reduced 
photosynthesis rate because protoplast 
dehydration will reduce photosynthesis system 
and it will decrease the plant growth. 

Leaf Area 
The results showed that the irrigation interval 

were not significantly affect the leaf area (Figure 
2a). The leaf area at the irrigation interval 2 days 
is higher than the irrigation interval 3 and 4 days. 
This happens because the availability of water 
with frequently watering will be optimal for plant 
growth. 

Nugraha (2014), stated that availability of 
adequate water will affect the growth of plants. 
Water serves as a solvent of nutrients that 
available in the soil, which is used for 
photosynthesis. Plants with sufficient nutrients will 
have optimum photosynthate that the partition of 
photosyntathe will be translocated for leaf 
formation. Seidel et al., (2017), explained that 
some plants are sensitive to water drought will 
inhibit the plant growth. Drought will also slowing 
the development of the plant biomass. 

The number of leaves affects the leaf area of 
the plant. The higher number of leaves,  the leaf 
area will also higher (Figure 2b). Two plants per 
pocket has a larger leaf area. Lorina (2015) 
number of leaves and leaf area is an indicator of 
plant growth. The number of leaves is related to 
the leaf area of a plant. Broccoli plants grown with 
greater distances have more leaves and more 
leaves are larger because there is growing space 
between rows of larger plants so that plants can 
utilize environmental factors well and can grow 
optimally. Optimal spacing gives a balanced 
outcome between the competition that occurs with 
plant growth, especially leaf growth. Paranhos, 
Barrett et al., (2016), suggesting that greater plant 
spacing may increase plant growth because it 
reduces competition among crops. And a wide 
spacing to produce plants that consumers love. 
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Figure 1. Plant lenght observation at 15-35 dap on the treatment of a) irrigation interval (P) and b) 
numbers of plant per pocket (S) (P1:every 2 days; P2:every 3 days; P3:every 4 days;  ; 
S1:2/pocket; S2:4/pocket). 

 
 
Figure 2. Leaf area observation at 15-35 dap on the treatment of a) irrigation interval (P) and b) 
numbers of plant per pocket (S) (P1:every 2 days; P2:every 3 days; P3:every 4 days;  S1:2/pocket; 
S2:4/pocket). 
 

Plant Fresh Weight and Dry Weight  
On the parameter of plant fresh weight and dry 
weight shows that there is a decrease in each 
irrigation interval. Irrigation interval every 2 days 
have the greatest value compared to the irrigation 
interval every 3 and 4 days. This happens 
because the availability of water is very influential 
to the plant growth. Plants with sufficient water will 
have better growth. Nugraha (2014), stated that 
the water shortages can inhibit the plant growth 
and causing plant death. The water shortages in 
the vegetative phase could decline the plant 
growth and reduce the yield. Sriwijaya and 
Hariyanto (2013), stated that the higher the 
availability of water will increase plant fresh weight 
because the higher availability of water could 
increase the rate of photosynthesis so that 
photosynthate that used for cell formation will be 
optimum. Besides that, water helps to maintain 

cell turgidity, so it helps the formation of cells and 
will reach optimum plant weight 

Specific Leaf Area 
The result of specific leaf area showed that the 
irrigation interval once every 2, 3 and 4 days has 
no significant effect. This indicates that the 
specific leaf area is not affected by the irrigation 
interval. Sitompul (2016), stated that the dominant 
factor of plant biomass is triggering genetic 
character of plant activity that controls value of 
specific leaf area is light quanta. Specific leaf area 
has quite sensitive respons to the changes of 
radiation quanta in the short term Lettuce Specific 
leaf area of 2 plants and 4 plants per pocket were 
have no significant effect because the interception 
of light in each plant is not much different. 
Sitompul (2015), stated plants that grow under 
100% full light will have a constant specific leaf 
area. 
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Figure 3.Fresh Weight per pocket treatment of a) irrigation interval (P) and b) numbers of plant per 
pocket (S) ( P1:every 2 days; P2:every 3 days; P3:every 4 days;  ; S1:2/pocket; S2:4/pocket). 

 
Table 1. Shoot/Root ratio of Fragrant Lettuce 

Treatment Shoot Dry Weight    
(gplant-1) 

Root Dry Weight 
(gplant-1) 

Shoot/ Root Ratio 

Irrigation interval every 4 days 0,85  b 0,0019 502,60 

Irrigation interval every 4 days 0,76 ab 0,0017 463,33 

Irrigation interval every 4 days 0,66  a 0.0015 400,20 

LSD 5% 0,13 ns ns 

2 plants per pocket 0,90 b 0,0018 545,61 

4 plants per pocket 0,60 a 0,0016 365,13 

LSD 5% 0,26 ns ns 

Descriptions: Means followed by the same letter at the same column showed no significant difference 
based on LSD test at level 5%.ns = non significant, LSD = Least Significant Different. 

 
Table 2. Analysis of Farming 

Treatment P1S1 P1S2 P2S1 P2S2 P3S1 P3S2 

Lettuce yield (gpocket-1) 40,28 63,96 30,39 48,36 38,59 51,37 

Lettuce yield (kgh-1) 7.250 11.513 5.630 9.594 6.246 8.496 

Revenue 
(Rpha-1) 

181.260.000 287.820.000 140.760.000 239.850.000 156.150.000 212.400.000 

Profit 
(Rpha-1) 

133.508.000 237.296.000 93.208.000 189.526.000 108.798.000 162.276.000 

R/C ratio 3,80 5,70 2,96 4,77 3,30 4,24 

B/C ratio 2,80 4,70 1,96 3,77 2,30 3,24 

Description :Irrigation interval (P) and numbers of plant per pocket (S)  (P1:every 2 days;   P2:every 3 
days; P3:every 4 days;  ; S1:2/pocket; S2:4/pocket)

Shoot/Root Ratio 
In the root shoot ratio observation shows that 
there is a decrease in each irrigation interval 
(Table 1). It shows that most of the plants growth 
are located at the top (shoot) of plants and the 
higher availability of water then the plant growth 
will be optimum. Anggraini (2015), stated that 
drought stress will inhibit the production of plant 
biomass through its inhibitor effect onthe 
expansion and leaf development, so that it can 

decreasing the capture of light. The closure of 
stomata as a response to the low potency of water 
could decreases CO2 taken from the air. Thus, it 
makes the process of photosynthesis becoming 
decrease. 
Shoot/root ratio  2 plants and 4 plants per pocket 
was not significantly different (Table 1). It can also 
be seen that the allocation of plant biomass is 
larger at the top (shoot) compared to the root part. 
Yusuf              (2014), stated that leaves have a 
shorter turnover period because of their role as 
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photosynthetic organ. Therefore environmental 
conditions greatly affect the leaves. When 
favorable environments such as availability of 
light, water and adequate nutrients, the number of 
leaves will increase to support growth. 
Conversely, if unfavorable conditions such as 
limited water, nutrients, leaves will reduce 
production. 

CONCLUSION 
Irrigation interval 2 days had a higher significant 
effect on the fragrance lettuce growth than 
irrigation interval at 3 and 4 days on fresh weight 
per plant, fresh weight per pocket, total dry weight 
of plant, and shoot dry weight. 
2. The number of 4 plants per pocket combined 
with  irrigation interval every 2 days increases the 
fresh weight of the plant per unit area with the 
value of B/C ratio 4.7 
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