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Abstract. Maize or corn is the most important crop as a staple food  in many places in the 

world. It is mostly grown in dryland area with very low in  soil fertility. Therefore this study 

aimed to investigate the effect of inorganic and organic fertilizers plus on the soil chemical 

changes, growth and yield of maize. The experimental designed was Randomized 

Complete Block Design (RCBD) in the pattern of factorial, which consisted of  two 

factors. The first factor  was Organic fertilizer plus  (P), which consisted of  three levels 

namely :  P0 (without organic fertilizer plus), P1 (10 ton ha-1), P2 (20 ton ha-1), and the 

second factor was inorganic fertilizer (A),  which consisted of three levels, namely :  A0 

(without inorganic fertilizer),  without inorganic fertilizer), A1 (150 kg ha-1) and  A2 (300 

kg ha-1), with three replication. Data collected were analyzed by using analysis of variance 

at 5% level and significant treatments effect were separated with honestly significant 

difference at P  0.05. Results indicated that there were no interaction between inorganic 

and organic fertilizers plus rates on growth, yield and soil chemical changes. The use of 

organic fertilizers plus significantly improved the growth, yield and soil chemical 

properties.  Dealing with the agronomic properties of maize showed that the application of 

inorganic fertilizer significantly increased the plant weight by increasing the plant height, 

leaf numbers and leaf area.  
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1. Introduction 

Maize (Zea mays L.) is an  important  annual cereal of the world after rice and wheat and it is considered  

as  staple food crop for  many people especially Africa and it is cultivated  widely throughout  the world. 

Due to its highest yield potential among the cereals it is known globally as queen of cereals [1] In ancient 

Greek word Zea means  “sustaining life “ and mays is a word from Taino language meaning “life giver.”  

It contains about 72% of starch, 10% of protein, 4% of fat and 365 Kcal 100 g-1 energy density.  Maize 

production has shown a steady increase over the year for  food (consume as vegetable), feed  and industry 

product including oil, livestock feed, glue, industrial alcohol and  fuel ethanol.  In tropical countries, 

maize is mainly produce  by small scale farmers  [2].   

In Lombok,  most of maize was grown in soil with course in texture or sandy soil with very low soil 

fertility, such as low in soil organic matter, cation exchange capacity (CEC), nutrients and water 

retention. Therefore, it needs, to increase the soil fertility including soil characteristics for maize  growth 

and yield.  Inorganic fertilizers play a crucial  role in modern agriculture, to increase maize growth and 

production,  but it is also known that dependence on inorganic fertilizers results in decrease in soil 

organic matter, acidity,  soil degradation through soil nutrient imbalance, nutrients uptake, acidity, or 
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increasing environmental pollution. To overcome this problem,  nutrients management by  applying  

inorganic  and  organic fertilizer ( biochar + manure + EM-4, fermented for 4 weeks) were needed. The 

uses of inorganic fertilizer is to fulfill the nutrients requirement by maize plant growth and yield.  

The decline of soil organic matter content enhances nutrient losses caused nutrients leaching or by soil 

erosion. So that, it is important to add organic fertilizers to ensure fertilizers uses efficiency. The 

evaluation of soil fertility is perhaps the most basic decision making tool in order to impose appropriate 

nutrient management strategies [3].  In this case with understanding of the rapid decomposition  of soil 

organic matter or material, it had found that more recalcitrant organic material sources  for soil 

management. This  material is made from agricultural waste has  been  known as biohar.  Biochar is a 

carbon-based compound that is relative stable and derived from agricultural waste or biomass pyrolysis, 

that has a positive impact on both soil characteristics and crop performance, such as  reducing soil 

acidity,  reducing soil nutrient leaching by increasing the buffering capacity, avoiding carbon dioxide 

release,  and also reducing pesticide runoff and organic pollutant bioavailability, which is important  to 

improve soil quality physical, chemical and biological, particularly for sandy soil [4][5][6].  

Agricultural waste has potential as organic fertilizer which contain crude fiber  this  coarse fiber is very 

high and can be derived by fermentation with local microorganisms (MOL) or effective microorganism  

4  so called EM4 bioactivators.  This two bioactivator especially EM4  is the microbes that can degrade 

crude fiber content because it has the ability to produce enzymes laccases and piroxidases  can break 

down and dissolve the lignin contained in waste that serve as a source of energy, EM4 is  also susceptible  

to decay  and damage. The coarse fiber after fermented by EM4  can be directly uses as  organic fertilizer 

and has the biggest contribution to the environment [7]. Therefore, the objectives of this  present study 

were to investigate the effect of inorganic and organic fertilizers plus on the soil chemical changes, 

growth and yield of maize.  

 

2. Materials and Methods 

2.1.  Design of Field  Experimental and Treatment  

The field experiment was conducted in Narmada village, West Lombok. The experimental design was 

established using CRBD (Completely Randomized Block Design) with arranged in a factorial pattern,  

consisted of two  factors namely 3 rates of organic plus fertilizer was made from biochar, Caw manure 

and compost with EM-4 then  fermented for four weeks.  (P0= without organic fertilizer; P1 = 10 ton 

ha-1;  P2=20 ton ha-1), inorganic fertilizer  and 3 rates of phonska (A0= without  phonska; A1= 150 kg 

ha-1;  A2 = 300 kg ha-1 phonska). Each treatment repeated three times. 

2.2. Sampling and Data Analysis 

The data collected were biomass at harvest, grain yield and soil properties before and after experiment. 

The soil data analyzed were as follow : soil pH-H2O measured by pH metre, organic carbon measured 

by Walkley and Black method, total nitrogen determined by Kjeldahl method, Available phosphorus 

extracted by Bray I  using a UV Spectrophotometre, exchangeable potassium analyzed by using an 

atomic absorption Spectrophotometer. 

Plant parameters  were plant height, numbr of leaves, grain and biomass of maize was measured for 

fresh weight  and dry weight determined after drying in a mechanical over dryer at 70 °C until a constant 

weight was attained. 

2.3.  Statistical Analysis 

The mean values effect of  treatments  on changes in soil chemical properties and agronomis properties 

of maize were analyzing  using analysis of variance (ANOVA)  at 5% and significant difference of 

treatment was tested by Honestly significant difference at the same level. All statiscal test were 

performed using MiniTab.  
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3. Results and Discussions  

3.1.  Initial Soil characteristics 

A bulk soil sample from the field  was collected, the soil was air dried and sieved at 2 mm in size. The 

initial soil characteristics that used in this experiment that can be seen  as follow:  

 

Table 1. The characteristics of initial soil used. 

 
Variable Method Value Characteristic 

Texture : Sand (%) 

                Silt   (%) 

                Clay  (%) 

Sedimentation 56.67 

32.67 

10.66 

Sandy loam 

pH-H2O 

Organic-C (%) 

Total-N (%) 

C/N ratio 

CEC 

Avai-P (ppm) 

Exchg-K (ppm) 

pH metre 

Walkley & Black 

Kjeldahl 

- 

Ammo-Acetat 

Bray I 

Morgan Wolf 

5.68 

1.04 

0.20 

10,2 

10.28 

21.57 

42.75 

Acid 

Low 

Low 

Moderate 

Low 

Low 

High 

 

Soil analysis assess the current fertility status and provides information regarding soil characteristic and 

nutrient availability in soils which forms,  for maximizing maize  yields and to maintain the adequate 

fertility in soils for maize growth. From Table 1. It can be seen that soil that used in this experiment had 

low soil fertility, with sandy loam in texture, 56.67% of sand. 32% of silt and 10.66% of clay. Soil 

texture Soil texture affects the soil sustainability. The sand, silt and clay are the three components of 

soil texture. It affects absorption of nutrients, microbial activities, the infiltration and retention of water, 

soil aeration, tillage and irrigation practices.  

Soil pH is important chemical parameter of soil that affects nutrient availability [3]. The pH of soil was 

5.68 (Table 1), this indicates acidic soil pH. The availability of various nutrients for plants rice, maize 

and  vegetables may be reduced. Therefore, periodically applying biochar  and caw manure  

incorporation is imperative for improvement of soil pH  [8]. Organic carbon and soil nutrient were low 

except for potassium. Hence, by using organic fertilizer plus, which was made from cow manure, 

biochar than fermented by adding EM4 for 4 weeks can be  

expected that could increase the soil productivity and improve the maize growth and yield. The texture 

is important soil physical parameters. Similarly, soil reaction (pH), organic matter, macro and 

micronutrients are also important soil chemical parameters.  

3.2. Soil characteristics changes after harvesting  

Effect of  Organic and inorganic fertilizers on soil changes after harvesting can be seen  in Table 2. 

provide information about the capacity of soil to supply mineral nutrients [9]. Table 1. indicated that the 

effect of inorganic and organic fertilizers on pH and CEC changes. Applying organic fertilizer showed 

a significant different for soil pH and CEC, and increasing soil pH from acid to neutral  would influenced 

the nutrients availability of soil, while the increase of CEC in the soil could improve nutrients retention, 

reduce the nutrient losses and this lead to improve the soil fertility.   

 

Table 2.  Soil pH and Cation exchange capacity (CEC) Change After Harvesting. 

Treatment pH (H2O) CEC (cmol kg-1 

A0 

A1 

A2 

HSD (5%) 

6.42  b 

7.21  a 

7.29  a 

0.20 

39.46  b 

47.27  a 

47.16  a 

5.8 

P0 

P1 

6.57  c 

6.80  b 

40.52  b 

46.72  a 
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P2 

HSD (5%) 

7.06  a 

0.18 

48.00 a 

5.1 

     *Means followed by the same letter in the same column are not significantly different by HSD at 5%.Soil 

Organic matter is  an important source  to sustaining  soil fertility  and for plant essential nutrients after 

their decomposition by microorganisms. It feeds soil micro-flora and fauna, supplies  plant nutrient,  

retention and cycling of applied fertilizer [10]. From Figure 1. Showed that without organic fertilizer 

plus  application  contributed the lowest organic-C. In addition , this is simply that organic fertilizer plus 

have positive  contribution  to soil carbon stability , which can be expected that further  contribute to 

greater  soil productivity. The addition of inorganic fertilizers was also significantly influenced  organic 

carbon after harvesting  (Figure 2), This is due to biochar is rich in carbon material, and it is very 

important for improving soil quality.  

 

       

   Fig. 1. Organic- C of soil after harvesting affect  by    Fig.2. Organic-C of soil after harvesting affect   

          Inorganic fertilizer (kg ha-1).            by organic fertilizer plus (ton ha-1). 

 

There was a significant effect of organic and inorganic fertilizer on soil nutrients such as  N, P and K. 

The result given in Table 3 showed that  application of both organic plus and inorganic  fertilizers 

enhanced  total-N from 0.12  to 0.68% for inorganic fertilizer and  from 0.18 to 0.76 for organic fertilizer. 

The increasing of total-N in  organic fertilizer plus  application was higher than in inorganic fertilizer. 

Possibly, it due to the higher soil organic matter in soil, and also N is slow release or control release. 

While, N in inorganic fertilizer is in available form which is easy to volatile or leach. As we know that 

almost 78% of N is  from  the atmosphere and organic materials, Beside that,  nitrogen is one of the 

macro nutrient than and  taken up by plants in greatest quantity.  However,  in the tropics for crop 

production it is one of the most deficient elements [11]. Available phosphorus (Table 3) is the master 

key to agriculture. The growth of both cultivated and uncultivated plants is limited by availability of P 

in the soils. The available phosphorus (P2O5) was ranged from 19.7 to 27,7 ppm. This showed high value 

of available phosphorus was obtain in soil by adding inorganic fertility. It is assume  that P is relative 

stable in the soil, therefore P concentration was higher than in soil applied by organic fertilizer plus.  
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Table 3. Effect of organic fertilizer plus and inorganic  Soil nutrients N, P,  After Harvesting. 

 

Treatment 
Soil  Nutrients in Soil 

Total-N (%) Avai-P (ppm) Exch –K (%) 

A0 

A1 

A2 

HSD 5% 

0.12 c 

0.53 b 

0.68 a 

0.08 

19.7 c 

25.8 b 

27.7 a 

1.2 

0.80 c 

1.75 b 

2.05 a 

0.23 

P0 

P1 

P2 

HSD 5% 

0.18 c 

0.54 b 

0.76 a 

0.07 

18.3 b 

25.6 a 

26.5 a 

1.3 

0.78  b 

1.90  a 

2.15  a 

0.56 

*Means followed by the same letter in the same column are not significantly different  by HSD  at 5%. 

Data presented in Table 3. indicated that the application of inorganic and organic plus fertilizers have  

significant effect on improvement of potassium in the soil. Both nitrogen and phosphorus  are 

constituents of the soil organic matter, but not for potassium, because soil organisms have a lower 

requirement of soil organic matter.  Consequently , soil organic residues decompose, most of the 

potassium  is released soon. In addition, the potassium in organic fertilizers is highly available because 

potassium  is not  organically bound when the plant died and decomposed potassium  is released 

immediately Meanwhile, animal manures and most agricultural  residues, cocoa shells as biochar and 

wood ash  commonly supply a significant amount of Potassium [12].  

3.3. Growth  and  Yield of maize  

Analysis variance show that there were  a significant  effect of  Inorganic and Organic plus fertilizers 

on  growth including plant growth rates in cm per week,  and yield of maize can be seen as follows  in 

Table 4.  A number of studies have shown that  application of inorganic and organic plus fertilizers can 

increase growth and yield components of maize. Table 4  pointed out that plant growth rates were  

strongly influenced by adding organic plus fertilizer. There were a significant difference  

Table 4.  Response of  applications  and  inorganic fertilizers rates on soybean growth at maximum 

vegetative growth. 

Treatment 

Growth and yield components 

Plant growth rates 

(cm week-1) 

Leaf  numbers Shoot fresh weight 

(g  plant-1) 

Grain weight 

(g) 

A0 

A1 

A2 

HSD 5% 

30.35 b 

32.62 a 

33.87 a 

0.34 

19.7 b 

22.8 a 

23.5 a 

1.2 

178.33 c 

254.25 b 

272.80 a 

5.23 

  7.81 b 

13.32 a 

18.56 a 

0.5 

P0 

P1 

P2 

HSD 5% 

29.82 b 

32.41 a 

32.90 a 

0,23 

18.8 b 

24.8 a 

25.5 a 

1.70 

172.84 c 

245.44 b 

267.52 a 

4.85 

   7.42 b 

16.74 a 

18.17 a 

0.90 

 *Means followed by the same letter in the same column are not significantly different  by HSD  at 5%. 

 

growth and yield components between  without and with inorganic and in organic fertilizer. Giving 150 

kg ha-1 of  inorganic  fertilizers combined with 10 ton ha-1 of organic plus fertilizers did not show did 

not different with adding 300 kg ha-1 combined with 20 ton ha-1 of organic plus  fertilizers for plant 

growth rate, leaf number and  weight of 100 grain (g) of maize. Shoot fresh weight increased 



3rd international conference on bioscience and biotechnology
IOP Conf. Series: Earth and Environmental Science 712 (2021) 012027

IOP Publishing
doi:10.1088/1755-1315/712/1/012027

6

significantly by the increase of inorganic and organic plus fertilizers. The highest shoot dry weight 

achieved  at the highest of inorganic and organic plus fertilizers.   

Overall, this study confirms that the strategies used to minimize the loss of nutrients from soil and 

efficiencies used of  inorganic fertilizer is to integrate the use of inorganic fertilizer and organic plus 

fertilizer that made from the combination of animal manures  biochar and fermented with EM4 or Local 

Microorganisms. It seems that a valuable for improving soil fertility  and to sustain  maize production 

particularly for sandy soil.  

4. Conclusion  

It can be concluded  that inorganic fertilizer  combined with organic plus fertilizers  could change the 

oil characteristics including soil pH, soil organic matter,  cation exchange capacity and also for soil 

nutrients nitrogen, phosphor  and potassium. Agronomic properties including plant growth rates, number 

of  leaves, shoot fresh weight and weight of maize grain  also significantly  influenced  by inorganic and 

organic plus fertilizers. Furthermore, to ensure food security in maize production, efforts  are needed  

for exploring the best combination  of inorganic and organic plus fertilizers on  each soil type and the 

environment.  

 

Acknowledgements  

The authors would like to gratefully  thanks to the Rector of Mataram University for the financial support 

and  to the Dean of Faculty of Agriculture for providing all the facilities to this research. Thanks also 

due to the reviewers for their constructive comments.    

References 

[1] Sandhu, K. S., Singh, N., & Malhi, N. S. 2007. Some Properties of Corn Grains and Their Flours 

I: Physicochemical, Functional and Chapati-making Properties of Flours. Food 

Chemistry, 101, pp.938–946. 

https://www.sciencedirect.com/science/article/abs/pii/S0308814606001804  

[2] Kumar, D.,  & Jhariya, N.A. 2013.  Nutritional, Medicinal and Economical Importance of Corn: 

A Mini Review. Research Journal of Pharmaceutical Sciences, 2, pp. 7–

8. www.isca.in/IJPS/Archive/v2/i7/2.ISCA-RJPcS-2013-029.pdf 

[3] Brady, N.C., & Weil, R.R. 2002. The Nature and Properties of Soils (13th Edition), New Jersey: 

Pearson Education 

[4] Lehmann, J., Joseph, S. 2009. Biochar for Environmental Management, United Kingdom:  

Earthscan. 

[5] Laird, D.A. 2008. The Charcoal vision: A Win-Win-Win Scenario for  Simultaneously Producing 

Bioenergy, Permanently Sequestering  Carbon, While  Improving Soil and Water Quality. 

Agron.J, 100, pp. 178 – 181. https://doi.org/10.2134/agronj2007.0161 

[6] Liu, E., Changrong, Y., Xurong, M., Wenqing, H., So, H.B., Linping, D., Qin, L., Shuang, L., & 

Tinglu, F. 2010. Longterm Effect of Chemical Fertilizer, Straw, and Manure on Soil 

Chemical  and Biological Properties in Northwest China. Geoderma, 150, pp. 173 – 180. 
https://doi.org/10.1016/j.geoderma.2010.04.029  

[7] Mirwandono, E., Sitepu, M., Wahyuni, T.H., Hasnudi, N., Siregar, G.A.., & Sembiring, I. 2018. 

Nutrition Quality Test of Fermented Waste Vegetables by Bioactivator Local 

Microorganisms (MOL) and Effective Microorganism (EM4). Proceedings of International 

https://www.sciencedirect.com/science/article/abs/pii/S0308814606001804
http://www.isca.in/IJPS/Archive/v2/i7/2.ISCA-RJPcS-2013-029.pdf
https://doi.org/10.2134/agronj2007.0161
https://doi.org/10.1016/j.geoderma.2010.04.029


3rd international conference on bioscience and biotechnology
IOP Conf. Series: Earth and Environmental Science 712 (2021) 012027

IOP Publishing
doi:10.1088/1755-1315/712/1/012027

7

Conference on Agriculture, Environment, and Food Security. doi :10.1088/1755-

1315/122/1/012127 

[8] Gupta, P.K. 2004. Soil, Plant, Water and Fertilizer Analysis, India: Shyam Printing. 

[9] Ganorkar, R.P. &  Chinchmalatpure, P.G. 2013. Physicochemical Assessment of Soil in Rajura 

Bazar in Amravati District Of Maharastra (India). International Journal of Chemical, 

Environmental and Pharmaceutical Research, Vol. 2 No.2, pp. 46-49.  

[10] Haynes, R.J. & Naidu, R. 1998. Influence of Lime, Fertilizer and Organic Manure on Soil Organic 

Matter Application and Soil Physical Condition. Nutr.Cycl. Agroecosyst, 51, pp. 123-137.  

[11] Marschner, H. 2002. Mineral Nutrition of Higher Plants Second Edition, London: Academic 

Press.  

[12] Blake, L., Mercik, S., & Powlson, D.S. 1999. Potassium Content in Soil, Uptake in Plants and the 

Potassium Balance in Three European Longterm Filed Experiment. Plant Soil, 216, pp. 1-

14.  

 


