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Enhancement in production area of watercress can result in an increase in its production. The expansion 
of the production area can be done by planting watercress in polybag or other planting containers. In this 
way, watercress plants can be cultivated on land that was not originally agricultural land. The purpose of 
this study was to find out the rate of water and the type of planting material appropriate for growth and 
yield of watercress in pot. The experiment was conducted during January to April 2016 in screen house, 
Tanjung, Malang using factorial Randomized Block Design with three replications. Treatments used 
were planting material with 2 levels of plants i.e. seedlings (B1) and cuttings (B2) and five different water 
deficit levels including 25% field capacity (K25), 50% field capacity (K50), 75% field capacity (K75), 
100% field capacity (K100) and 125% field capacity (K125). Results showed that there was significant 
interaction between rate of water and types of planting material. These interactions had significant 
influence on different variables, such as; plant length, number of leaves, leaf area, root length, root 
weight, plant weight, plant dry weight, crop growth rate, relative growth rate and yield. The results 
showed that the treatment of seed planting materials generally increased at all rate of water, except at 
the level 125% of field capacity where all variables declined. Treatment of cutting materials resulted in 
higher level of the water supply, the higher value of plant length, number of leaves, leaf area, plant fresh 
weight and plant dry weight, relative growth rate and watercress yield. Therefore, watercress cultivation 
in urban farming system can be planted in the pots or polybag, by using material planting of cutting and 
controling  water content at field capacity.  
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INTRODUCTION 

Watercress (Nasturtium officinale) is one type 
of lettuce that belong to the Brassicaceae. In its 
natural habitat, watercress are found in swamps 
and thrive in the rivers where the water is clear 
and low stream which the water height is 5 cm 
with optimumpH of 7.2 (Fennell, 2006). The 
concept of cultivation watercress is not require 
intensive care, because this plant is easy to grow 

in enough water environment has a fertile soil 
(Cruz et al., 2007). 

In Indonesia, watercress is widely cultivated in 
paddy fields that were flooded. For increasing the 
production of watercress, itneedsto do expansion 
of planting area, so it does not only depend on the 
wetland on paddy fields. Cultivation of watercress 
can be done either with a hydroponic culture 
system using water, usingsubstrate or soil media 
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in polybag, pots and tubs by using this system the 
cultivation of watercress can be done anywhere, 
including in urban areas with limited land which 
known as urban farming system. 

Urban farming is a concept to transfer 
conventional agriculture to urban agriculture. 
Conventional farming ishaving oriented to 
production, while urban farming is more to meet 
the personal needs (Edward, 2016). Urban 
farming has an important role in everyday life to 
providehealthy vegetables for every day life, 
reduce the import of vegetables, greening the 
environment, and help to reduce the impact of 
global warming as well as play an important role 
in contributing to saving the environment with 
waste management concept to reuse, reduce and 
recycle which can help creating a clean city, 
improve air quality, improve the aesthetics of the 
city, provide fresh foodfor the customers and add 
additional income for citizens. (Sawio, 2000). 

The water supply in the pot cultivation of 
watercress should consider the level of water 
deficit. The water requirement for growing 
watercress is 3.6 m

3
 (Barker, 2009). Besides the 

water level, the proper planting material also 
affects the growth and yield of watercress. This 
plant can be propagated by generative and 
vegetative. 

Even thesame rate of water will give a 
different response to seedlings and cuttings as 
planting material. When the level of water above 
the field capacity, cuttings more tolerant than 
seedlings because the root fibers from cuttings 
are formed faster, spread easily and quickly 
absorb nutrients while the plant from theseedlings 
produced taproot root system so the uptake of 
nutrients is less than cuttings. Therefore the 
growth of plants from cutting planting materials 
are faster than seed planting materials (Soet, 
2011). 

The purpose of this study was to determine 
the optimal water needs from two types; seedlings 
and cuttings planting material on the growth and 
yield of watercress in urban farming systems. 

 
MATERIALS AND METHODS 
The research was conducted inside a 
screenhouse in Malang, East Java, which lies at 
500 meters above sea level with temperature of 
22-25 ºC, relative humidity ranges from 74% -
82%. The study was conducted on January 2 to 
April 3, 2016. 
This research was using factorial randomized 
block design with two types planting material and 
different level of water deficit which had three 

replications. Treatment were using planting 
material with 2 levels that consist of; seed (B1) 
and cuttings (B2). The level water supplywith5 
level condition consist of; 25% field capacity 
(K25), 50% field capacity (K50), 75% field 
capacity (K75), 100% field capacity (K100) and 
125% field capacity (K125). Each treatment were 
12 pots, sothe total trial unit were 360 pots. 
Experiment was performed using plastic pots with 
height 25 cm and diameter 20 cm. The medium 
was using a sandy loam soil with total weight of 3 
kg soil per pot. Watercress planting material that 
used in this treatment were seedlings and 
cuttings. Seed planting materials were germinated 
for 15 day after planting then transplanted while 
the cutting planting materials were using stem 
cuttings length 15 cm. Each pot was planted with 
two plants watercress. Fertilization was NPK 
fertilizer 1g and ZA 0.83 g per pot. 
Observations were using non-destructive and 
destructive at 14, 21, 28 and 35 days after 
planting. Observations consisted of plant length, 
number of leaves, leaf area, plant weight, dry 
plant weight and RGR. 
 
RGR 
 
The formula represented as W1 and W2 is the dry 
plant weight, t1 and t2described as the time of the 
samples were taken(Hunt, 1982). The yield for 
observation was done 3 times at 42, 62 and 92 
days after planting. 

Statistical analysis  
Data were analyzed using analysis of variance by 
F test at 5% to test the significant interaction or 
not as a result of treatment. If the result of F count 
was > F table means the data were significantly 
different and then further analyzed using HSD test 
at 5% level. 

 
RESULTS AND DISCUSSION 

Growth of watercress 
The analysis of variance on variable plant 

length, number of leaves, leaf area showed an 
interaction between the level of the water level 
and planting material at various age observations 
(Tables 1, 2 and 3). Plant lenght observations 
were done at 21, 28 and 35 DAP (Table 1) that 
showedthe treatment of seedlings planting 
material at the level of water 25%field capacity 
(K25) were inhibiting the plant lenght constantly 
40, 40.9 and 45.83% compared to the treatment 
100% field capacity (K100), but 50%  
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Table: 1. Interactions betweenTwo Types of Planting Materials and Different Water Levels on the 
Length of Plant 

 
Treatment Length of Plant (cm) Observations Period (DAP) 

21 28 35 

Seedlings Cuttings Seedlings Cuttings Seedlings Cuttings 

K   25% 9a 9a 13a 13a 23 a 23a 

     50% 10ab 11 ab 19 abcd 18 abcd 30 abc 29 abc 

     75% 11 ab 12 ab 21 bcd 21 bcd 31 bc 31 abc 

   100% 15 b 14 b 22cd 24 cd 33 c 34c 

   125% 9a 15 b 14ab 26 c 24 ab 35c 

HSD 5% 5.20 7.80 7.01 

KK (%) 16.04 13.83 9.63 

 
Description: Numbers followed by the same letter at the same age (column and row) showed no significant different 

inHSDtest at 5% level. DAP: day after planting; K: field capacity 

 
Table 2: Interactions betweenTwo Types of Planting Materials and Different Water Levelson the 

Number of Leaves 
 

Treatment Number of leaves (no plant
-1
) Observation Periods(DAP) 

14 21 28 35 

Seedlings Cuttings Seedlings Cuttings Seedlings Cuttings Seedlings Cuttings 

K   25% 8.3a 8.7 a 9.0 a 11.3a 11.0a 11.7 a 16.0a 16.5a 

     50% 10.0 ab 13.0 ab 11.0a 13.7a 16.0 ab 22.0 abc 20.0 ab 27.0 abc 

     75% 11.0 ab 14.0 ab 17.0 ab 14.7a 23.0 abc 24.0 abc 28.0 abc 29.0 abc 

   100% 19.5 b 18.5b 23.2b 22.5b 32.4c 34.0 c 36.0c 37.0c 

   125% 9.0a 19.0 b 10.7 a 23.7 b 14.0 ab 34.0 c 19.0 ab 38.0c 

HSD 5% 8.97 8.80 17.64 15.13 

CV (%) 13.11 21.18 26.5 18.96 

Description: Numbersthat followed by the same letter at the same age (column and row )showed no significant different in 
HSD test at 5% level. DAP: day after planting; K: field capacity 

 
field capacity (K50) and 75% field capacity (K75) 
showed no inhibition in plant length compared 
with water level 100% of field capacity (K100). In 
the treatment of 125% field capacity (K125) 
werehaving decreased on plant length constantly 
40, 25 and 27.27% compared with 100% field 
capacity (K100). 

Treatment of K50, K75, K100 and K125 
showed theplant length were not significantly 
different. Inhibition of plants length were occurs in 
treatment K25, constantly40.50 and 34.28% 
compared to K100. The plant length results 
between seedlings and cuttings planting material 
were no significant difference in the treatments 
K25, K50 and K100, but there were significant 
differences in thetreatment of K125. 

Cutting planting materials showed a different 
response compared to seedlings. Watercress 
plants from cuttings were generally longer than 
from seedlings. This happens because the plant 
vegetative organs (roots, stems and leaves) were 
more quickly formed and grown from cuttings than 
seedlings, therefore absorption nutrients intake 

could directly to the plants (Guse, 2010).The 
length of plant sections happens due to 
enlargement of the cells in line with plant age. 
When the soil is able to provide water needsfor 
plants in optimum conditions, it will allows the 
hormone auxin, gibberellins and cytokinins work 
actively in the cell wall. When plants make some 
new cells, it willaccelerate to the growth of stem. 
However, if water supply is under optimum 
conditions for the plants, it will become stunted 
and too late to enter the generative phase 
(Yokotaet al., 2008). 

Table 2 showed the treatment of seedlings 
with water level 25% field capacity (K25) 
compared to the treatment of 100% field capacity 
(K100)in theobservation periods 21, 28 and 35 
DAP were showing inhibition number of leaves 
continuously 61.21, 65.59 and 55.56 %.In the 
treatment of K50 compared with K100 were 
showinginhibition the number of leaves in the 
observation periods21, 28 and 35 DAP at 52.59, 
50.62 and 44.44%. K75 treatment when 
compared to K100 in the observation periods21, 
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28 and 35 DAP were not happen inhibition of 
growth in number of leaves, while the K125 
treatment at periods 21, 28 and 35 DAP showed 
the presence of inhibitory number of leaves at 
53.88, 56.79 and 47, 22%. 

Cuttings showed a different response to the 
seedlings of watercress. K25 compared with 
K100% showed inhibition at 21, 28 and 35 DAP 
constantly 49.78, 65.59 and 55.41%. In the 
treatment of K50 at 21 DAP were occurs inhibitory 
number of leaves 39.11% compared to the K100, 
but at the age of 28 and 35 DAP does not happen 
inhibition to the number of leaves. In the treatment 
K75compared to the K100 showed inhibition 
number of leaves 34.67% at 21 DAP, but in the 
periods 28 and 35 DAPwere not happen inhibition 
the number of leaves. Treatment of K125 showed 
no significantly different compared with 
observations K100 on period 21, 28 and 35 DAP. 

Bidwell (1979) stated when soil water is in 
lowcondition, it will affect concentration of 
nutrients in soil become low so that nutrient 
competition between plants is increasing. Leaves 
serve as the site of photosynthesis. If the uptake 
of water and nutrients is low, the process of leaf 
formation will be inhibite and photosynthesis 
process was not in optimum conditions. 

Water is not only serve as a raw material in 
the process of photosynthesis, but also serve as 
the largest constituent part of the cell protoplasm 
(Sarawa et al., 2009). Therefore, if plants suffer 
from lack of water, the vegetative growth will be 
obstructed. 

Observations leaf area of watercress plant 
showed interaction at periods 14, 28 and 35 DAP. 
In Table 3 showed that the treatment K25 
compared to K100decreased leaf area 
respectively 45.01, 44.98 and 59.45%. K50 
treatment decreased leaf area respectively 32.73 
and 53.42% compared to K100 at the observation 
periods 21 and 35 DAP, but at 28 DAP is no 
decline in leaf area. K75 treatment decreased leaf 
area respectively 30.91 and 41.67% compared to 
K100 at the period times of 21 and 35 days after 
planting, but at age 28 DAP is no decline in leaf 
area. Treatment of K125 decreased leaf area 
respectively 35.91 and 53.97% compared to K100 
at the observation periods of 21 and 35 DAP, but 
at age 28 DAP did not happened inhibition of leaf 
area. 

The leaf area on cuttings showed different 
responses to the water level. Leaf area on 
K25compared with water level K100decreased at 
28 and 35 DAP up to43.66 and 60.16%. K50 
treatment decreased leaf area at age 35 DAP 

amounted up to 40.37% compared with K100 
level water, but at age 28 DAP is no decline in leaf 
area. K75 and K125 on plant leaf area showed 
that there were not significantly different when 
compared with K100 water level at observations 
age 14, 28 and 35 days after planting. 

Increased leaf area means the ability of plants 
to absorb light also increase. Leaves as 
photosynthesis organs will determine the 
absorption sun light energy in the creation of new 
organs of vegetative and generative. Increased 
leaf area will enhance the photosynthesis 
process, so the formation biomass plant will also 
increase. Leaf areain the small scale will lead to 
the inhibition the rate of photosynthesis, so plants 
growthwere stunted (Bilman, 2001). 

The sufficient availability of water make the 
formation of leaf area and plant stomata 
increased, so the process of photosynthesis to 
forming plant biomass are getting optimum. This 
is consistent with the statement by Nayyar and 
Gupta (2006) that the drought affecting the 
expansion of leaf area and photosynthesis 
system. Drought led to transpiration decreased 
and stomata closed, so the inclusion of CO2 
inhibited.  Loweravailability of CO2 in the leaves 
may eventually decrease the rate of 
photosynthesis. The transpiration decreased and 
stomata closed were factors that associated in 
gas exchange. Therefore, water availabilityis very 
important to safe the plant from drought. 

Plants that does not have sufficient water 
supply, they will have smallvegetative and 
generative organs and also thegrowth rate of 
these plants also low (Chartzoulakis et al. 2002). 
Physiological symptoms by plants that lack of 
water showedwilt plant that suffered temporary 
but it caused dead if there were no water available 
for plants transpiration and photosynthesis 
system. Lack of water on plants is caused by 
insufficient soil water availability, but excessive 
plant transpiration is caused by weather and 
environmental conditions, or combination of both 
factors (Perry et al. 2013). 

Relative Growth Rate 
The availability of water will affect the rate of 

growth and yield of plants. The rate of growth of a 
plant can be measured by dryplant weight. The 
dry plant weight is closely related to the relative 
growth rate. The higher dry plant weightproduced 
the higher value of the plant relative growth rate. 
Table relative growth rate of watercress are 
presented in Table 4. 

Observations RGRon watercress plants, there  



Widaryanto et al.                                                              Eenhancing yield of watercress (Nasturtium officinale) 

 

    Bioscience Research, 2017 volume 14(2): 170-177                                                             174 

 

 
 
Table 3: Interactions betweentwo types of planting materials and different water levels on the leaf 

area. 
 

Treatment Leaf Area (cm
2
plant

-1
)) Observation Periods (DAP) 

14 28 35 

Seedlings Cuttings Seedlings Cuttings Seedlings Cuttings 

K   25% 12.1 a 11.4 a 14.8 a 15.1 a 14.8 a 14.9a 

50% 14.8 a 12.3 a 17.0 ab 21.5 ab 17.0 a 22.3a 

75% 15.2 a 16.0 ab 21.0 ab 22.3 ab 21.3 a 25.0 ab 

100% 22.0 b 21.8 b 26.9 b 26.8 b 36.5 b 37.4 b 

125% 14.1 a 23.3 b 16.0 ab 26.9 b 16.8 a 38.1 b 

HSD 5% 6.3 11.0 7.7 

CV (%) 16.7 17.5 15.3 

 
Description: Numbers followed by the same letter at the same age (column and row) showed no significant different in 

HSD test at 5% level. DAP: day after planting; K: field capacity 
 
 
Table 4: Interactions between two types of planting materials and different water levels on the 

relative growth rate 
 

Treatment Relative Growth Rate (g g
-1
 day

-1
) on observation periods 

First (14-21 DAP) Second (21-28 DAP) Third (28-35 DAP) 

Seedlings Cuttings Seedlings Cuttings Seedlings Cuttings 

K   25% 0.027 a 0.027a 0.060a 0.061a 0.045  a 0.049 ab 

     50% 0.031 ab 0.034 abc 0.064 ab 0.072bcd 0.047 ab 0.052 bc 

     75% 0.032 ab 0.044 cd 0.065 ab 0.076cd 0.048 ab 0.056 cd 

    100% 0.045d 0.046 d 0.078 d 0.078d 0.057d 0.056d 

    125% 0.030 ab 0.047 d 0.063 ab 0.079 d 0.046a 0.057d 

HSD 5% 0.010 0.009 0.015 

CV (%) 16.47 19.70 17.74 

 
Description: Numbers followed by the same letter at the same age (column and row) showed no significant different in 

HSD test at 5% level.  DAP:day after planting; K: field capacity 

 
were interaction at the observation periods 14, 28 
and 35DAT (Table 4). RGR observations on the 
treatment of seed planting material, indicates the 
water level on first (14-21 DAP) observations K25, 
K50, K75 and K125,RGR declined up to 28.89 to 
40.00% compared to the water level K100.  

RGR value of watercressseedlings treatment 
on second (21-28 DAP) observation to the water 
supply of K25, K50, K75 and K125declinedfrom 
RGR 16.67 to 40.00 %compared to the water 
level K100. RGR value on third (28-35 DAP) 
observation on the seedlings, indicates water 
levels K25, K50, K75 and K125 decreased by 
15.79 until 19.30% compared to the water level 
K100. 

Planting material cuttings treatment showed 
different responses to the water level. Treatment 
K25 on the first, second and thirdobservations, 
RGR value was having difference from 12.50 to 
41.30% compared to K100. Treatment 
K50compared to the K100on the first observation, 
RGR value was 26.09%. In the treatment K75 and 

K125 at first observation showed RGR was not 
significantly different 

The relative growth rate and plant growth rate 
are influenced by the width in leaf area. At the 
level high water supply, the leaf area increase in 
line withthe value of the growth rate. Observation 
of plant growth rate and relative growth rate 
showed a decline in the third watercress 
observations. According Praba et al. (2009) the 
rate of plant growth and relative growth rate in 
crop plants generally begin to slow in the early 
planting and increased during the late vegetative, 
then in stable position when the crop has reached 
the maximum growth. 

 
Effect of Water Level to The Watercress 

Fresh Weight and Dry Plant Weight 
Rate of water level affects fresh weight and 

dry weight the watercress from cuttings and 
seedlings (Figure 1).Treatment of planting 
material cuttings and seedlings showed negative 
regression equation. This means in particular  
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Figure: 1. Relationship in field capacity (levels of water deficit) fresh and dry weights of watercress. 
 
water level can increase the fresh weight and dry 
weight of plants up to a certain level. In the 
seedlingsplanting material, fresh weight and dry 
plant weight were optimum with the addition of 
water level 75% of field capacity. Whereas in the 
water level 100% of field capacity, fresh weight 
and dry plant weightbegan to decrease and it also 
happened with the water level125% of field 
capacity.Fennell (2006) stated even though 
watercress grows wellin watery area, for its 
growth, watercress does not require too much 
water. 

The fresh weight from cuttings increased, in 
line with the higherwater levelsuch as on 
treatment 100 and 125% field capacity. 
Observations on the dry plant weight from cuttings 
were proportional to the increase in the water 
level. The higher level of water supply, the higher 
the plant dry weight is. It can be seen from the 
results of fresh and dry weight of plants at the 
level of the water supply 125% of field capacity 
was higher than others water level. 

Suhartono et al. (2008) stated that plant cells 
will grow in line with thickened cell walls and 
formation of cellulose in plants. Other factors are 
related to the availability of water for plants such 
as transport of nutrients from soil to plants. 
Nutrients in the soil are transported through water 
absorbed by plants bydiffusion osmosis process. 
Process of photosynthesis will boost the 
accumulation of carbohydrates and proteins in the 
fresh plants weight. The dry weight as a result of 
representation from fresh plants weight with the 
amount accumulation of organic matter that 
contained in the plant without water content. 

Drought stress can lower the level productivity 
of plants biomass, because of the declining 
primary metabolism, shrinkage leaf area and 
photosynthetic activity. The decline biomass 

accumulation due to water stress for each type of 
plant is not the same. It is influenced by the 
tolerance of each type of plant (Rahardjoet al., 
1999). Based on genetic factors, the adaptability 
of plants to environmental stress are different. 
Sukarman et al. (2000) reported that plants 
treated with drought stress will show a 
physiological response suchas leaf stomata 
closed, decreasing number of leaves, and 
declining of leaf area. The physiological 
responses of the roots on root weight, number 
and length of roots decreases rapidly withhigher 
drought stress. 

Watercress Yield 
Observation of variables fresh weight (g plant

-

1
) and field capacity (%) were shown in Figure 2. 

Accumulation of three times harvesting at 42, 62 
and 92 days after planting, showed the significant 
interaction between the type of planting materials 
and the water level. Treatment on seedlings in the 
water levels of K25, K50 and K125 of field 
capacity compared with the water level K100 were 
declining up to 13.31 to 15.14%, while treatment 
K25 with cuttings planting material decrease the 
result of accumulation of harvest up to 11.10% 
compared to capacity of water level K100. 
Treatment K50, K75 and K125 showed not 
significantly different compared to K100. 

Treatment water level K25, K50, K75 and 
K100 indicated that the used of seedlings or 
cuttings  planting material did not affect the result 
of the accumulation of the harvest, while the K125 
showed that the use of cuttings as planting 
material will increase the accumulated yield 
harvest up to 17.41%. 

Fresh weight of the total harvest in watercress 
crops is influenced by the process of 
photosynthesis that occurs. Process  
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Figure: 2. Fresh weight of accumulated harvest at 42, 62 and 92 DAP 
 
 

photosynthesis in plants occurs on the leaves with 
the help of sunlight.The basic needs for 
photosynthesis are carbon dioxide (CO2) and 
water (H2O). The higher amount of water in the 
soil, the higher the plants photosynthesis process. 
The results of the photosynthesis process are 
complex compounds such as carbohydrates, fats 
and proteins to optimize the results of 
photosynthesis process, it needs sufficient intake 
of organic material and enough water for plants 
(Yokotaet al., 2006). 

Watercress plant growthbasically are 
influenced by the type of planting materials and 
the level of water. When the water insufficient, the 
plant growth is inhibited in seedlings and cuttings 
types of planting material. The planting material 
cuttings are more tolerant of excess water than 
seedlings because cuttings have the fibersrootthat 
can absorb more nutrients, therefore plant growth 
is in optimum condition. In seedlings planting 
material is having taproot that only able to absorb 
nutrients from one direction. This causes less 
amount of nutrients absorbed, therefore the 
stems, leaves and plant biomass become less 
formed (Soet, 2011). Additionally under anaerobic 
conditions hairy roots of plants from seed is able 
to get a supply of oxygen from the roots that grow 
on the surface soil is then transported to the root 
of the bottom with the help of aerenchyma tissue. 

An important factor for watercress plant 
growth is the level of water deficit. Although 
watercress is able to grow on muddy ground or 
peat wet, but plant growth is inhibited when the 
water above field capacity (Yamaguchi et al. 
1989). 

CONCLUSION 
Watercress planted from cuttings better were than 
seedlings planting materials. Implementation to 
planting watercress in the pot as a commodity 
urban farming can be applied based on the water 
level of field capacity. Therefore, the watercress 
plants can be cultivated in a pot with the adequate 
water without inundation. 
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