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Abstract 

 Water spinach (Ipomoea reptans Poir) has been identified as a nutritious 
vegetable with high demand in Indonesia. Besides, this plant also has been 
evidenced to play an important role in environmental cleaning as a 
phytoremediator. This study was conducted in the Green House of Biology 
Department, Faculty of Mathematics and Natural Sciences, Universitas Negeri 
Medan. The study aims to investigate the most effective type of fertilizers and 
the dose for water spinach’s (Ipomoea reptans Poir) growth and yield. A 
Completely Randomized Factorial Design was applied for the experiment with 
two factors and three repetitions. The first factor is the type of fertilizer 
(chicken manure, cow manure, and compost), and the second factor is the dose 
of the fertilizer (1:1, 2:1, and 3:1). The parameters such as plant height, number 
of shoots, number of leaves, fresh weight, dry weight, leaf’s total chlorophyll 
content, and water content were measured to evaluate plant growth and yield. 
The General Linear Model used SPSS 21 programs was applied to analyze the 
collected data. Study results revealed that cow manure increased plant growth 
and yield significantly with dose 2:1 as the best treatment, followed by dose 3:1. 
Cow manure also increased total chlorophyll content (8.0574 mg. L-1), with the 
most suitable dose was 2:1 (8.2807 mg. L-1). The plant’s water content tends to 
be high in chicken manure (93%), and the lower water content was in cow 
manure with a dose of 3:1 (87.5%). 
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1. Introduction 

Climate change is one of the major factors that 
affected agricultural productivity. Several studies have 
been revealed regarding the effects of climate change 
on agricultural productivity. The forecast of climate 
change is still unconvinced. Besides being affected by 
climate change, the agriculture sector also contributes 
to the changes itself (Aydinalp and Cresser, 2008). 

The government in many countries has supported 
improving agricultural productivity and implementing 
sustainable agricultural systems and management. The 
efforts such as using technology, controlling pesticide 
usage, avoiding environmental pollution, and relying 
more on biological utilization rather than chemical 
products have been conducted. Application 
continuously of inorganic fertilizers may lead to 
declining in soil fertility. Meanwhile, utilization of 
organic fertilizers confers agricultural products with 
high quality without damaging soil and environment 
equilibrium.  

As mentioned in Policy Direction 2020-2030 of 
SDGs Indonesia, strengthening sustainable national 
food security becomes one strategy in the agriculture 
sector. To enhance mitigation for climate change, the 
function of the land ecosystem has to be returned as 
well as the forest and peat ecosystems. Several studies 
evidenced that using organic fertilizer effectively 
maintains soil fertility coincidence to enhance crop 
productivity. Organic fertilizer contains a high level of 
macro elements such as N, P, and K.        

Application of inorganic fertilizer had been 
conducted to increase the yield of crop production. 
Unfortunately, the use of inorganic fertilizer alone may 
cause problems to human health and the environment. 
The complementary use of organic and inorganic 
fertilizer has been recommended for sustainable crop 
cultivation. Combination application of organic and 
inorganic fertilizers had been conducted to enhance 
crop productivity worldwide. However, to minimize 
the cost of fertilizing and using renewable forms of 
energy, resuscitated organic manure application might 
have to be considered (Ayoola and Adeniran, 2006). 

The use of organic material becomes a technique in 
organic farming. Although organic farming was initially 
considered very difficult, took longer, and can only be 
conducted on small agricultural land, awareness of the 
importance of maintaining health and the environment 
has made organic farming more widely known and 
increasingly demanded by the public. Some agricultural 
products such as organic rice, fruits, and vegetables 
become the biggest-selling organic foods (You and 
Hsieh, 2017). The high demand for these organic 
products has encouraged farmers to switch to organic 
farming, especially in urban areas and in developed 
countries. Therefore, it is essential to discover effective 
methods in organic vegetable cultivation. 

Using organic and environmentally-friendly 
compounds in agricultural practices is satisfied 
globally. The crucial part of organic farming is 
increasing yield and quality controls nutrient balance 
(Abo-Sedera et al, 2016). Organic manure can provide 

essential elements for crop plants since many studies 
have been revealed the effectiveness of organic 
fertilizer, particularly for vegetable plants (Abo-Sedera 
et al, 2016; Dimouska et al, 2019; Ouda and 
Mahadeen, 2008; Yoldas et al, 2011). Chicken manure, 
cow manure, and compost are fertilizers used to 
improve soil amendment and vegetable crop yield. 
Some studies on the use of manure in vegetables 
conferred positive results (Iskandar, 2003; Pujisiswanto 
and Pangaribuan, 2008; Sepentong and Syahfari, 2014). 
Compost fertilizer has been proven can improve soil 
characteristics: increasing soil productivity and organic 
matter content. Compost applications can repay the 
use of chemical fertilizers, which harm environmental 
balance (Natsheh and Mousa, 2014). There are 
exchanges in soil’s chemical characteristics before and 
after applying organic fertilizer, particularly in C-
organic, N-total, P-total, and soil acidity. 

Water spinach becomes a high-demand vegetable 
type in Indonesia. This plant can grow quickly in the 
lowlands or the highlands. Besides, this plant can also 
be harvested quickly, which only requires 
approximately 4-5 weeks. This Convolvulaceae plant is 
valuable, easy to cultivate, and contains enough 
nutrients such as carbohydrates, fats, protein, calcium, 
phosphorus, iron, vitamin A, vitamin B1, and vitamin 
C (Ayati, 2006). Ecologically, it also performed as a 
phytoremediator. Based on the study by Suchaida et al, 
(2015), this plant was able to absorb heavy metals such 
as Fe (13.9%) and Al (11%) in Lapindo mud deposits. 
Ratnasari et al, (2020) have proved that this plant 
could adsorb another heavy metal, cadmium (Cd), up 
to 73.59%. It could accumulate Cd in roots, shoots, 
and leaves (Suhaeni and Rida, 2016). 

Requirements for growing water spinach are 
uncomplicated. It grows appropriately without 
chemical fertilizers so that chemical exposures can be 
avoided. There have been many studies evidenced the 
negative impact of the use of chemical pesticides, 
including causing pest resistance, causing the 
detonation of new pest populations (resurgence), 
accumulation of chemical residues in the harvested 
products, killing of natural enemies, environmental 
pollution, poisoning in humans and animals, and ruin 
the ecosystem balance (Castillo et al, 2010). 

Manure is abundant of microorganisms supporting 
organic material’s degradation in the soil. The 
degradation process can optimize the transformation 
of the organic compound into ions. The 
transformation of mineral elements in the soil is 
related to the yield. The yield parameter commonly 
demonstrates the fresh weight of the plant. By giving 
organic fertilizer to the vegetable plant, managing the 
best variant, dosage, application, soil properties, and 
plant productivity can increase (Perdana et al, 2014). 
The study investigates the effect of three types of 
organic fertilizers with three doses on water spinach 
growth and yield. The best treatment will be the 
answer for the cultivation problem in providing proper 
nutrients for the plant by considering environmental 
safety to enhance vegetable’s productivities. 



 

 39 

2. Materials and Methods 

A. Materials 

The materials used in this study were as follows: 
groundwater spinach seeds, soil, organic fertilizers 
(compost, chicken manure, cow manure), 80% 
acetone, aquadest, etc. The equipment used in this 
study were as follows: 5 kg polybag, pesticide spray 
tubeholster, glass bottle, thermometer, hygrometer, pH 
indicator, mortar, glass beaker, measuring cup, drop 
pipette, test tube, round bottom flask, filter paper, 
spectrophotometer, digital camera, analytical scale, 
stationery, etc. 

B. Methods 

Experimental research using a Completely 
Randomized Factorial Design was conducted with two 
factors and three replications. The first factor was the 
fertilizer types, namely chicken manure (TKA), cow 
manure (TKS), and compost (TKO). The second 
factor was the dose of fertilizer (soil:manure), with 
ratio of 1:1 (2.5 kg/polybag), 2:1 (1.67 kg/polybag), 
and 3:1 (1.25 kg/polybag). 

The research was started with the nursery process; 
the 1-week old seedlings were transferred to the 
treatment’s medium. Growth observations were 
carried out for six weeks. The parameters measured to 
determine plant growth and yield were as follows: (1) 
plant height; (2) leaf number/plant; (3) shoot 
number/plants (4) plant’s fresh weight; (5) plant’s dry 
weight; (6) plant’s water content; and (7) chlorophyll 
content of leaves. Parameters 4 to 7 were measured at 
the end of the observation (6 weeks after cultivation). 
After the plant was harvested, the fresh weight was 
measured. The plant's dry weight measurement was 
carried out after added to the oven at a temperature of 

80℃ for three days until the weight was constant. 
Then, the dry weight has been calculated using an 
analytical balance. 

Evaluation of chlorophyll content was conducted 
by extracting the plant's leaves with 80% acetone 
solvent. After obtaining the extraction, the absorbance 
value was quantified with a spectrophotometer at a 
wavelength of 645 nm and 663 nm. Then the 
chlorophyll concentration of the leaves was calculated 
using the formula by Arnon (1949). The comparison 
of plant growth and yield between treatments was 
analyzed with the General Linear Model (SPSS 21 
program). If there are differences between treatments, 
data were continued with Duncan's Posthoc test at 
α=0.05 level. 

3. Results and Discussion 

Results 

The research was carried out in a greenhouse with a 

daily temperature between 32℃-38℃ and relative 
humidity of 42%-66%. Observations were made up to 
6 weeks after cultivation. Data on the plant height, 
number of leaves, and number of shots were taken 
once a week.   

The results confirmed the plant height of water 
spinach was outstanding in compost treatment. 
Consistently, plant height increased from the first up 
to the fourth week (Figure 1). The difference in 
fertilizer dose given did not confer a significant effect 
on the plant’s height. Compost fertilizer conferred a 
significant effect on the number of plant leaves, 
although the increase in the number of plant leaves 
was better on the treatment of cow manure at a dose 
of 2:1. However, cow manure has the most significant 
influence on shoot growth among two other fertilizers 
types, with the most significant doses being 2: 1 and 3: 
1. The growth measurement results during six weeks 
of observation in all treatments were provided in Table 
1. 

Table 1. The recapitulation of water spinach’s responses on the application of three types of organic fertilizer with three 
levels of dose. 

Treatments PH (cm) LN SN FW (g) DW (g) CC (mg.L-1) 

Chicken Manure 39.57±3.316a 15.44±4.362a 2.00a 6.44±2.345a 0.476a 7.6516b 

Cow Manure 50.64±5.187b 22.00±3.5b 2.67b 13.49±4.757c 1.417c 8.0574c 

Compost 62.49±13.801c 18.67±3.041ab 2.11a 10.64±2.812b 0.996b 7.2495a 

Dose 1:1 (soil:manure) 54.61±18.19a 16.67±5.074a 1.93a 7.82±3.368a 0.801a 7.4432a 

Dose 2:1 (soil:manure) 54.42±14.17a 20.22±4.438b 2.44b 11.35±4.125b 0.965a 7.8032bc 

Dose 3:1 (soil:manure) 50.58±9.67a 19.22±3.42ab 2.11b 11.41±4.808b 1.123a 7.7121ab 

Description: PH: plant height; LN: leaf number; SN: shoot number; FW: fresh weight; DW: dry weight; CC: total chlorophyll content. 

Values followed by the same letter shown are not significantly different at α= 0.05
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A. Plant Height 

The compost treatments posed as the best 
performance based on plant heights (Figure 1), 
although the dose did not significantly influence. The 
fertilizer type has a significant impact on plant height. 

The plant’s height measurement results were provided 
in the following Table 2. The plant grew slowly in 
chicken manure treatment even though the dose has 
been increased. 

       

 

Figure 1. The growth of water spinach plants based on plant height for six weeks of observation in all 

treatments. 

Table 2. The plant height of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Plant height (cm) Average 

1:1 2:1 3:1  

Chicken manure 35.73 40.79 37.75 38.10a 

Cow manure 50.90 49.96 57.70 52.85b 

Compost 77.20 72.50 56.28 68.66c 

Average 54.61a 54.42a 50.58a  

Remarks: Values followed by the same letter shown are not significantly different at α= 0.05. 

B. Shoot Number 

The use of different fertilizer types demonstrated 
different influences in shoot numbers. Cow manure 
could raise the plant’s shoot number properly rather 

than other types of fertilizers. Increasing the dose of 
fertilizer did not improve the plant's shoot number, as 
shown in Table 3. 

Table 3. The shot number of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Shoot number Average 

1:1 2:1 3:1  

Chicken manure 1.11 2.22 2.70 2.01a 

Cow manure 2.80 2.55 2.70 2.68b 

Compost 1.90 2.55 1.90 2.12a 

Average 1.94a 2.44b 2.43b  

Remarks: Values followed by the same letter shown are not significantly different at α= 0.05. 

C. Leaf Number 

Different types of fertilizers had different effects on 
leaf numbers as well. Cow manure treatment 

performed finest leaf number, significantly different 
with chicken manure but neither with compost. The 
dose 2:1 was more suitable to increase leaf number. 
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Table 4. The leaf number of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Leaf number Average 

1:1 2:1 3:1  

Chicken manure 10.40 15.70 20.40 15.50a 

Cow manure 18.00 25.86 22.37 22.10b 

Compost 21.60 19.30 15.00 18.60ab 

Average 16.67a 20.29b 19.26ab  

Remarks: Values followed by the same letter shown are not significantly different at α= 0.05. 

D. Plant’s Fresh Weight and Dry Weight 

The plant’s fresh weight and dry weight demonstrate 
the yield performance of the leaf vegetable plant. The 

different types of fertilizer conferred different effects 
on the plant’s weight (fresh or dry). The plant in cow 
manure treatment showed the best yield performances. 

Table 5. The fresh weight of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Fresh weight (g) Average 

1:1 2:1 3:1  

Chicken manure 3.76 6.79 8.78 6.44a 

Cow manure 8.66 15.16 17.35 13.72c 

Compost 11.75 12.11 8.08 10.65b 

Average 8.06a 11.35b 11.4b  

Remarks: Values followed by the same letter shown are not significantly different at α= 0.05. 

As shown in Table 5, the plant’s fresh weight was 
better in the smallest fertilizer concentration (but did 
not significantly different with dose 2:1). Differently, 
the plant’s dry weight did not being affected by 

fertilizer’s concentration. The highest dry weight 
resulted in cow manure treatment, followed by 
compost treatment (Table 6). 

Table 6. The dry weight of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Dry weight (g) Average 

1:1 2:1 3:1  

Chicken manure 0.317 0.475 0.637 0.476a 

Cow manure 0.700 1.384 2.167 1.417c 

Compost 1.385 1.035 0.567 0.996b 

Average 0.800a 0.965a 1.124a  

Remarks: Values followed by the same letter shown are not significantly different at α= 0.05. 

E. Total Chlorophyll Content 

The plant showed different chlorophyll content in 
different types of fertilizer. The highest chlorophyll 
content resulted in cow manure treatment with dose 

2:1, followed by chicken manure treatment in dose 3:1. 
With the compost addition, the plant’s chlorophyll 
content posed the lowest performance, significantly 
different from two other types (Table 7). 



 

 42 

Table 7. Total chlorophyll content of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Total chlorophyll content (mg.L-1) Average 

1:1 2:1 3:1  

Chicken manure 7.6209 7.2662 8.0678 7.6516b 

Cow manure 7.9407 8.2807 7.9507 8.0574c 

Compost 6.7679 7.8626 7.1179 7.2495a 

Average 7.4432a 7.8032bc 7.7121ab  

Remarks: Values followed by the same letter shown are not significantly different at α= 0.05. 

F. Plant’s Water Content 

The highest water content was provided by plants in 
the treatment of 2:1 chicken manure fertilizer 
(92.94%), and the lowest was in cow manure 3:1 

treatment (87.5%). The dose level of fertilizer did not 
cause a different effect on the water content of the 
plants (Table 8). 

Table 8. The water content of water spinach in three types of organic fertilizers with three doses applications. 

Fertilizer’s type/Dose Water content (%) Average 

1:1 2:1 3:1  

Chicken manure 91.49 93.00 92.74 92.41 

Cow manure 91.19 90.89 87.5 89.86 

Compost 88.20 91.45 92.94 90.86 

Average 90.29 91.78 91.06  

Cow manure has the most significant effect in 
increasing the plant’s fresh weight, dry weight, and 
total chlorophyll content of leaves. Doses 2: 1 and 3: 1 
conferred the most significant effect but did not differ 
significantly from the plant's fresh weight. The dose 2: 
1 proved the best effect in increasing the total 
chlorophyll of plant leaves. 

Discussion 

Based on the analysis, it has been proven that compost 
and cow manure were two types of fertilizer that 
demonstrated a significant impact on plant growth. 
Compost could enhance the plant’s height, whereas, 
cow manure has a significant effect on all measured 
parameters. Chicken manure only significantly 
impacted the leaves' total chlorophyll concentration. 
Based on these findings, it could be noted that cow 
manure was the most suitable type of fertilizer to 
improve the growth and yield of water spinach plants. 
This type of fertilizer could provide many nutrients, 
and had undergone decomposition, will quickly meet 
the needs of plants and provide a rapid influence on 
plant growth and yield. 

The nutrient intake of mineral nutrients strongly 
influences the formation and growth of leafy plants. 
According to Hartatik and Setyorini (2009), chicken 
manure contains 2.2% N total, 22.4 C-organic, 2.9% 

P2O5, and 2.1% K2O. Cow manure has a high level of 
nutrients, particularly N, P, and K. Based on Syarief, 
(1989) study revealed that cow manure contains 0.6% 
N, 0.15% P2O5, and 0.45% K2O. However, nutrient 
contents in organic fertilizer (such as manure) depend 
on the origin of the material used and the 
decomposition’s degree by microorganisms (Rao, 
1994). N is the most crucial element for a plant’s 
growth and development. N is playing an important 
role in the biochemical and physiological function of 
the plant as well as enhancing yield and quality 
(Leghari et al, 2016). 

The decomposition activity by microorganisms is 
influenced by the diversity, several populations, and 
other factors such as the C/N ratio. If the manure has 
a high C/N ratio (containing more C than N), then 
there was nitrogen competition between plants and 
microorganisms, there will be a lot of energy sources, 
and microorganisms will use the available nitrogen for 
their formation and development. Nitrogen can be 
bond to the microorganism’s body and will decline its 
availability in the soil. If the nitrification process goes 
properly, then the C/N ratio will be decreased 
(containing more N than C), this reflects that the 
manure is appropriately decomposed and will run out 
rapidly, nutrient content in manure was available for 
plants (Arifah, 2013). 
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Based on this study result, it has been proven that 
the growth of water spinach was higher by adding cow 
manure in the media compared to other treatments. 
Although chicken manure has higher nutrient content 
than cow manure and compost, chicken manure did 
not suitable for increasing plant performance. 
However, chicken manure is hot, lead to a quick 
decomposition process by microorganisms (Arifah, 
2013). Therefore, its lowest dose (3: 1) shown a more 
good effect (in this study, it can increase total 
chlorophyll levels) rather than the higher levels. It 
means that increasing doses of manure did not 
guarantee that the plants will have better growth, 
especially if the soil factors are less supportive. 

Manure could decompose into stable humus and 
enrich soil organic matter for a long time. However, 
manure required time to process mineralization and 
produce stable organic material by metabolizing 
microorganisms in the soil, to not be directly applied 
to plants (Pratiwi, 2013). The cow manure application 
proved to be very effective in increasing the leaf 
number, fresh weight, dry weight, and chlorophyll 
content. Gana (2009) found these results as well, 
where cow manure at a dose of 10 tons/ha increased 
sugarcane yield from 60 tons/ha to 70.63-76.23 
tons/ha. Likewise, with the results of research 
Zulkarnain et al, (2013), it was known that the addition 
of cow manure could increase organic matters and 
physical properties in sugarcane’s yield (up to 94.7%). 

Cow manure increased the plant’s dry weight in 
this study. A commonly known plant's dry matter was 
a figure of the translocation of photosynthesis 
(photosynthates) to all parts of the plant (Pujisiswanto 
and Pangaribuan, 2008). Cow manure provides 
sufficient nutrients for the plant as well as for the 
metabolism processes. Essential elements such as N, 
P, and K are primarily necessary for plant metabolic 
processes. Based on Rutkowska et al, (2014) study, 
besides contributing to the accumulation of organic 
matter in the soil, farmyard manure also significantly 
influenced changes in the concentration of 
microelements in the soil solution. The manure 
application limited Mn and Cu content and increased 
Zn, B, and Fe mobility in soil solution. 

From the beginning of observation, plant height, 
the number of shoots, and the number of leaves 
continued to increase to 6 weeks. This condition was 
related to the ability of organic matter in cow manure 
in improving soil biological properties to create a 
better environment for plant roots. 

Compost fertilizer has a good influence on the 
soil's chemical properties, especially in the compost 
containing humus and macro elements for the soil 
such as N, P, and K as well as microelements such as 
Ca, Mg, Mn, Cu, Fe, Na, and Zn. Deficiencies of 
microelements such as B, Cu, Fe, Mn, and Mo 
potentially reduced crop yield and quality (Alloway, 
2008). 

Based on Wasis and Fathia's (2010) study, compost 
fertilizer significantly affected the Gmelina 
Arborea Roxb growth. It significantly affected plant 
height (42.88%) with a dose of 30 g/plant. The 

provision of compost in water spinach plants in this 
study significantly affected plant height, fresh weight, 
and dry weight (but neither on number of shoots, 
number of leaves, and leaf chlorophyll content). 
Research conducted by Zulkarnain et al, (2013) proved 
that the application of compost was able to increase 
the soil C-organic content from 0.45% to 0.93% 
(relatively low), increasing the total N-content from 
0.20% to 0.60% (relatively low).  

Even though compost can reduce soil weight and 
increase soil porosity, the compost addition has not 
significantly increased sugarcane yield. Nitrogen is an 
essential element to build chlorophyll molecules as well 
as Mg. If the soil can provide sufficient N content for 
the plant, it will affect the leaves' chlorophyll content. 
Leaf chlorophyll content gives beneficial information 
regarding the plant's physiological status (Gitelson et 
al, 2003). During the photosynthesis process, light 
energy is conversed by chlorophyll a and chlorophyll b 
to produce chemical energy. Chlorophyll content 
establishes photosynthetic potential and primary 
production and is closely connected to plant stress and 
senescence (Curran et al, 1990; Filella et al, 1995). A 
plant with good and sufficient chlorophyll content 
reflects it is well-growing in cultivation. In this study, 
water spinach has a high level of chlorophyll content, 
which evidenced that nutrition in the media has 
sufficiently provided the plant need to grow and 
develop. 

Based on the study, it can be noted that the 
treatment of cow manure has the best effect on almost 
all parameters measured. The assumption is that cow 
manure nutrient content is most suitable and sufficient 
for the growth and yield of water spinach. Cow 
manure played an important role in improving soil 
composition and fertility. Although cow manure 
nutrient content is not very high, some virtues can 
improve porosity, permeability, soil structure, and 
water binding and cations in the soil. 

4. Conclusions 

According to the study results, it can be concluded that 
the overall treatment of types of cow manure at doses 
of 2: 1 and 3: 1 provided the best influences on the 
growth and yield of water spinach (Ipomoea reptans 
Poir). 
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