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ABSTRACT 

Long term period of using fertilizers is not beneficial for soil fertility due to decreasing soil 

organic matter content. Otherwise, the source of organic matter widely available as waste in the 

environment are not used optimally because the naturally decomposition quite long time. This 

problem can be overcome by utilizing various types of microbes, such as Trichoderma. This 

research conducted to determine the effect of organic fertilizer from the decomposition result of T. 

harzianum in enhancing growth of spinach plant. This study used a completely randomized design 

(CRD) with 6 treatments and 4 replications. The treatments were doses variation of decomposition 

of organic material; 0 g, 15 g, 30 g, 45 g, 60 g and 75 g. Data were analyzed with ANOVA and 

continued with Duncan New Multiple Range Test (DNMRT). The results showed that the 

application doses  of organic fertilizer from decomposition result influences height, number of 

leaves, leaf area, fresh weight and dry weight of spinach plants. Optimal dose for all growth is 45 

grams/polybag. 
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INTRODUCTION 

Spinach is favorite ones of vegetable 

leaves by consumer because it contains a 

variety of nutrients. Spinach not only contains 

carbohydrate, lipid and protein, but also 

minerals and vitamins. Carbohydrate, lipid and 

protein in 100 grams fresh spinach are 4.02, 

0.33 and 2.46 gram respectively. Its minerals 

include Ca (215 mg), K (611 mg) and Mg (55 

mg). It also has content of vitamin C, A and K 

43.3 mg, 2917 IU and 1140 mg (USDA, 2016) 

respectively. 

To fulfill the needs of plants nutrition, 

vegetable producers generally use synthetic 

inorganic fertilizers as nutrient sources. The use 

of inorganic fertilizers which contain high 

amounts of macronutrients, when used in the 

long time period is not beneficial for soil 

fertility. The residual of inorganic fertilizer 

affect the inhibition of organic matter 

decomposition by soil microbes (Suriadikarta 

and Simanungkalit, 2016). In addition, the use 

of inorganic fertilizers can also lead nutrients 

deficiency (Atmojo, 2003). Residues of 

synthetic fertilizers are one of the main factors 

that cause hardening of agricultural lands. This 

condition also resulted in decreased of soil 

porosity; plant oxygen availability; and soil 

microbes’ quantity, the distribution of the roots 

disturbed thereby inhibiting the growth of 

plants (Suriadikarta and Simanungkalit, 20016). 

To prevent the impact of synthetic 

fertilizer to fulfill the nutritional needs of the 

crop is by giving organic fertilizer. Organic 

fertilizer is the fertilizer that is largely or 

entirely composed of organic material derived 

from plants or animals that have been through 

the engineering process, in the form of solid or 

liquid that is used to supply organic matter to 
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improve the physical, chemical, and biological 

soil (Permentan, 2006). 

Utilization of organic fertilizer as a 

source of plant nutrients has several advantages. 

The addition of organic matter will improve the 

ability to retain water, so the ability to provide 

ground water for plant growth increases. The 

addition of organic matter will improve soil 

infiltration as the result of rising soil macro 

pores and declining its micro pores. (Atmojo, 

2003). Improvement of water infiltration 

capacity will reduce runoff, so that erosion is 

reduced. The other positive effect of the 

addition of organic matter is the effect to plant 

growth. On the ground, there is auxin 

compound as growth stimulant and vitamins 

that influence plant growth. Those compounds 

derived from plant exudates, manure, compost, 

crop residues and also from the results of 

microbial activity in the soil (Stevenson, 1982). 

Therefore, mineralization of organic material 

not only produce macronutrients N, P, K, Ca, 

Mg and S, but also contribute various 

micronutrients which are essential for plant 

growth. 

Various organic wastes originating from 

agricultural cultivation environment or the rest 

of vegetables that come from market and 

households potential used as organic fertilizer 

because it contains various minerals needed by 

plants. Atmojo (2003) reported that the 

municipal solid waste as bokashi compost 

containing 1.68% N, 3.29% P, and 2.92% K. 

Handayani et al (2015), shows that the local 

microorganisms with the raw material cabbage 

before fermented contains 0.11% N, 245.03 

ppm P, 147.17 ppm K, 153.46 ppm Ca, Mg 

1387.16 ppm, Fe 5.41 ppm, Zn 0.92, Mn 3.02 

ppm with a C/N ratio 176.18. 

Organic raw materials have high C/N 

ratio. If it directly distribute into the ground will 

affect negatively toward the availability of soil 

nutrients. Those organic materials will directly 

utilized by microbes to obtain energy. Thus, 

microbes and plants compete each other for 

nutrients. As a result, the nutrients in the soil 

become unavailable to plants because it turns 

into microbial organic compound (Atmojo, 

2003). Therefore, the organic material with a 

high C/N ratio takes long time for 

mineralization process. 

The decomposition process can be 

accelerated by adding selected microorganisms. 

Sugito et al. (1995) stated that one of the 

microorganisms which have been developed to 

accelerate the decomposition is Trichoderma 

sp. Suryanti et al., (2003) states that the 

biocontrol agent Trichoderma sp able to 

decompose lignin, cellulose and chitin from 

organic matter into nutrients that are readily 

absorbed by plants. T. harzianum could 

improve the growth and yield, because of its 

ability to degrade compounds that are difficult 

degraded such as lignocelluloses (Affandi, 

2001). Trichoderma is very important in giving 

a signal of auxin and stimulate plant growth 

(Nurahmi, 2012). 

The administration of organic matter as a 

decomposition result of Trichoderma sp able to 

accelerate the number of stems and plant 

growth (Bertham et al., 1996). Doni et al 

(2014) reported that the application of 

Trichoderma can improve rice seed germination 

and vigor. Application of Trichoderma also 

promote growth and development, plant 

productivity, resistance to abiotic stress factors, 

absorption and utilization of nutrients, increases 

the solubility of phosphate, increase the shoots 

biomass of Avicennia marina up to 33% (Saba 

et al., 2012; Saravanakumar et al., 2013). 

Utilization information of waste vegetables as 

the base material of organic fertilizer using 

T.harzianum as decomposers and their effect on 

growth of spinach is still limited. 

METHODS 

This experimental study conducted from 

December 2015 to February 2016 in the Wire 

House and Plant Physiology Laboratory of 

Biology Department, Universitas Negeri 

Padang. The research design used a completely 

randomized design with 6 treatments and 4 

replications. The treatments were organic 

fertilizer doses from decomposition of 

Trichoderma harzianum namely; 0 (control), 

15, 30, 45, 60 and 75 grams. 
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T.harzianum isolates obtained from 

BPTPH Laboratory Padang, West Sumatera in 

the cooked rice medium. Furthermore, 

Amaranth seeds (Amaranthus tricolor L.) were 

obtained from the Institute for Seeds of West 

Sumatra. Organic material in the form of waste 

vegetable cabbage, collards and kangkong were 

taken from the central market in Padang city. 

Garden soil has been cleaned used as planting 

medium with 1kg weighed and put in the 

polybag 18 x 25 cm. 

Organic fertilizer made by preparing 

waste of vegetable cabbage, collards, and 

kangkong 5 kg each other. Furthermore, the 

wastes is cut into pieces with approximately 2 

cm size. Next, 15 kg of chicken manure added 

with 5 kg sawdust and 1.5 kg T.harzianum. All 

the material was mixed until homogeny. To 

maintain humidity water added. Every week 

bokashi is somersaulting to mature the compost 

which characteristic colored between dark 

brown and black (Kasli, 2008). 

Polybag that contain the planting medium is 

mixed with organic fertilizer according to 

treatments. Furthermore, amaranth seed planted 

3 seeds per polybag. Spacing was done at the 

age of 21 weeks by leaving healthy spinach and 

the remaining cut with scissors at ground level. 

Watering is done once a day in the late 

afternoon with water 200 ml per polybag. All 

weeds removed and disposed from the polybag. 

Observations did toward plant height by 

measuring from the base of the stem to the 

point of growing every week until fourth week. 

The number of leaves observed in the first and 

fourth week. Leaf area was measured using 

Leaf Area Meter and carried out during harvest 

time in the fourth week. Wet and dry weight 

plants were observed at harvest time. Planting 

medium pH was observed at the beginning and 

the end of the study. The data obtained were 

analyzed by analysis of variance followed by 

Duncan test (Steel and Torrie, 1991). 

RESULTS AND DISCUSSION 

Height of Spinach Plants 

The results showed that plant height at 

one week is not affected by application or dose 

of organic fertilizer. In contrast, plant height at 

3 weeks until the end of observation at the age 

of 4 weeks showed that application of neither 

organic fertilizer nor doses affects spinach 

plants. Although application and dose increased 

plant height, but doses exceeding 45 grams of 

organic fertilizer is precisely no able to increase 

plant height significantly. Even increasing 

doses exceeding 45 grams had lower plant 

height as show in Table 1. 

Table 1. The influence of organic fertilizer from Trichoderma harzianum decomposition toward 

spinach plant average height 

Treatment 

Average of plant height (cm) 

I 

WAP 

II 

WAP 

III 

WAP 

IV 

WAP 

A (0 g) 7,25 7,82a 8,62a 9,00a 

B (15 g) 7,25 7,77a 10,25b 15,75b 

C (30 g) 7,00 9,45a 11,25b 19,12bc 

D (45 g) 7,75 12,32c 20,5d 31,75e 

E (60 g) 7,25 7,65a 10,62b 21,75d 

F (75 g) 7,50 9,57b 14,37c 25,37e 

The number followed by the same letters in the same column not significant at 5% level according 

DNMRT test. 

Based on Table 1 in the first week, plant 

height are the same in all treatments. It is 

thought to relate to the adaptation of plants to 

reviews their environment. As we know, early 
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growth of crops, crop nutrient needs are still 

fulfilled by existing food reserves in the seed 

plants. Although the roots and the leaves have 

started to grow but still in a small size, so it is 

not optimal yet to absorb and utilize the 

nutrients provided in the medium. In contrast, 

in the second week and so on plant height is 

higher than the control due to the growing root 

growth and increasing of nutrients supply that 

contributed by organic fertilizers, including 

nitrogen. The nitrogen content of cabbage 

reached 3.6% (Diaz et al., 2007), it is estimated 

to have contribution to the availability of 

nitrogen in the organic fertilizer treatment given 

Nitrogen roles accelerate the growth of 

apical meristem so that the plant is higher than 

the control. Nugroho (2011) states that plant 

height is much more influenced by Nitrogen. 

Nitrogen element is the main component of 

many important substances in the plant. 

Nitrogen needed in relatively large quantities on 

plant growth, especially in the vegetative stage. 

Junialdi (2013) also states that the most 

responsible nutrient for increased plant height is 

Nitrogen. Jumin (2002) explains that the 

addition of Nitrogen serves to stimulate plant 

height. Lingga and Marsono (2001) stated 

nitrogen in sufficient numbers plays in 

accelerating the growth of the plant as a whole, 

especially stem and leaf. Nitrogen deficiency 

causes the plants become stunted (Sudarmi, 

2003).  

Increasing doses exceeding 45 grams did 

not add height of plants is estimated as nutrient 

for plant growth needs to be sufficient. Thus, 

the dose is already an optimal dose for spinach 

plants. Plants also have a certain limit in 

absorbing nutrients. 

Number of Leaves 

Organic fertilizer administration not only 

influences the number of leaves, but also the 

dose of application affect the number of leaves 

produced. These results concretely showed at 

the end of the fourth week observation. Lowest 

number of leaves found in control and different 

when compared with the treatments of organic 

fertilizer. Even the lowest dose of organic 

fertilizer (15 g) still higher leaves amount 

compared with the control. The dose of organic 

fertilizer up to 75 grams was still able to 

increase the number of leaves of the plant as 

shown in Table 2. 

Table 2. Effect decomposition by Trichoderma harzianum toward the number of spinach leaves 

Treatment 

Average number of spinach leaves 

I 

Week after planting 

IV 

Week after planting 

A (0 g) 4,00a 6,25a 

B (15 g) 4,50c 10,25b 

C (30 g) 4,75d 9,50b 

D (45 g) 4,25b 12,00b 

E (60 g) 4,00a 16,00c 

F (75 g) 4,00a 21,50d 

The number followed by the same letters in the same column not significant at 5% level according 

DNMRT test. 

Leaf is an organ that is essential for the 

plant as a place for photosynthesis. The more 

leaves causes photosynthesis to be active. 

Nitrogen contained in organic fertilizers caused 

the leaves become larger and greener. In 

addition, the magnesium element contained in 

cabbage 55 mg (USDA, 2016) is a necessary 

macronutrients plant as an element to create 

chlorophyll (Lingga and Marsono, 2008). With 

the increasing availability of these elements 

would directly affect a number of leaves. 

Lakitan (1996) states that the plants which do 

not get additional nitrogen will grow stunted 

and leaves formed will be little, while plants get 
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enough nitrogen element the leaves are formed 

will be more. 

Total Area of Spinach Leaf  

Spinach plant leaf area was influenced by 

the administration of organic fertilizer from 

decomposition. In addition, the dose of organic 

fertilizer also can increase the area of the leaf. 

Nonetheless, application of doses exceeding 45 

g was not able to increase the area of the leaves, 

but it resulted in leaf area reduced. Leaf area on 

the controls just 1.64 cm2 increased to 20.27 

cm2 at a dose of 45 g, but its decline into 14.17 

cm2 by applying 60 g of organic fertilizers 

(Table 3). 

Table 3. Effect of organic fertilizer from decomposition by Trichoderma  harzianum toward 

average area of spinach leaves 

Treatment Average of spinach leaves area (cm2) 

A (0 g) 1,64a 

B (15 g) 6,36b 

C (30 g) 11,24c 

D (45 g) 20,27e 

E (60 g) 14,17d 

     F (75 g) 9,03c 

The number followed by the same letters in the same column not significant at 5% level according 

DNMRT test. 

The availability of nutrients for the 

growth of spinach leaves were already 

optimally up to 45 grams. One nutrient that 

plays an important role in the growth of leaves 

is Nitrogen. According to Zhang (1996), a plant 

that grows at high nutrient supply will produce 

more leaves than with low nutrient supply. One 

of the nutrients needed in large quantities is 

Nitrogen. The nutrient availability that reached 

55 mg on the cabbage (USDA, 2016) coupled 

with T.harzianum role in increasing nutrient 

uptake and utilization (Saba et al., 2012) 

resulted in higher plant growth. Plants growing 

on a limited nitrogen supply resulted in the 

leaves become smaller compared with plants 

grown in the optimal nutrient supply. This 

condition affected by its influence on the size 

and number of meristem cells (Terry, 1970). 

Nitrogen plays role to increase vegetative 

growth, so the plant leaves becomes wider 

(Wahyudi, 2010). Application of liquid or solid 

organic fertilizer can stimulate the increase of 

leaf area (Ratna 2002). 

Plant Wet Weight  

Organic fertilizer as T. harzianum 

decomposition affects the wet weight of 

spinach plants. It can be known from the wet 

weight of control was the lowest ones and 

different compared to all doses. In addition, 

dose also affects the plant fresh weight. 

Increasing the dose of organic fertilizers up to 

45 g increases wet weight linearly, but the 

increase next dose make the lower wet weight 

of spinach plants (Table 4). 

Table 4. Effect of organic fertilizer from Trichoderma  harzianum decomposition toward fresh 

plant weight 

Treatment Average of fresh plant weight  

A (0 g) 1,50a 

B (15 g) 17,00c 

C (30 g) 26,25d 

D (45 g) 23,00d 

E (60 g) 15,25bc 

      F (75 g) 12,50b 
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Number followed by the same letter not significant according to DNMRT at 5% level. 

Gardner et al. (2008), states that 80% of 

plant wet weight consists of water. Fresh 

weight of plants depends on the water content 

in plant tissue (Lakitan (2008). Furthermore, 

organic fertilizer can act as “binder” primary 

granules into secondary ground grains in the 

formation of stable aggregates. This situation 

highly influences the porosity, storage and 

water supply, soil aeration, and soil temperature 

(Simanungkalit et al., 2006). Thus, water 

supply is higher when compared with control, 

so that affect the fresh weight of the plant. 

However, the adequacy of water supply is 

optimal at a dose of 45 g of organic fertilizer. 

Excess water is just not profitable for plant 

because it can reduce the supply of oxygen 

required for root respiration. Kirani (2011) 

states that the fresh weight of plants affected by 

the absorption of nutrients absorbed by plants 

fulfilled and will be utilized for the plant 

photosynthesis process that will ultimately 

affect the plant fresh weight. According to 

Nurshanti (2009), fresh weight of the plants is 

affected by the nitrogen content that widely 

available in the plant body. This causes the 

water in the stem, not evaporate and will cause 

these parts remain wet. Fresh weight of the 

plants affected by plant height; leaf number; the 

higher the plant, the more number of plants 

leaves, the fresh plants weight is higher 

(Prasetya, et al., 2009) 

Spinach plant dry weight 

The dry weight of plants as a result of 

plant photosynthesis was also influenced by the 

organic fertilizer from decomposition. In fact, 

the rate given also affect plant dry weight of 

spinach. The lowest dry weight was found in 

the control and the highest obtained at the dose 

of 45 g of organic fertilizer. Increasing the dose 

exceeds 45 g do not give a higher dry weight, 

but have resulted in plant dry weight is lower 

(Table 5). 

Tabel 5. Effect of organic fertilizer from Trichoderma  harzianum decomposition toward spinach 

plant dry weight 

Treatment Average of plant dry weight (gram) 

A (0 g) 0,15a 

B (15 g) 1,85c 

C (30 g) 2,60e 

D (45 g) 1,87d 

E (60 g) 1,70bc 

F (75 g) 1,37b 

Number followed by the same letter not significant according to DNMRT at 5% level. 

According to Mungara et al. (2013), 

plant dry weight increasing demonstrated by an 

increase of plant growth and development. 

Increasing of dry weight is an indicator of plant 

growth and development. The dry weight of the 

plant is also associated with the leaf surface 

area. Plants that have broader leaves at the 

beginning of the growth will be faster growth 

because of the ability to produce higher 

photosynthetic. The greater photosynthetic 

allow to form plant organs larger, and then 

produce of drying matter increases.  

Ratna (2002), states that the provision of 

neither liquid nor solid organic fertilizer can 

stimulate the increase of leaf area. Increased 

leaf means the ability to receive and absorb 

sunlight, therefore photosynthetic and the 

energy produced is also higher. According to 

Fisher and Goldsworthy (1985), the addition of 

the leaf area is an efficiency of each unit leaf 
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area to do photosynthesis to increase plant dry 

weight. 

CONCLUSION 

Organic fertilizer from T. harzianum 

decomposition affects the height growth of 

spinach plants. Fertilizer given dose also affects 

plant growth. Optimal dose for all growth 

components in terms of height, number of 

leaves, leaf area, fresh weight and dry weight of 

spinach plants is 45 grams/polybag. Increasing 

the dose exceeds it resulted in lower plant 

growth. 
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