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Nanotechnology fertilizers are fertilizers associated with objects measuring 1 nm to 
100 nm capable of controlling or manipulating at an atomic scale. Phosphorus is one 
of the essential nutrients needed by plants in large amounts. Maize is a strategic 
commodity requiring optimal nutrients. Inceptisol is soil that has relatively low fertility 
and chemical properties. The addition of P nutrients to the soil plays an important 
role in improving soil quality. This study aimed to compare the types of P fertilizers of 
nano guano, nano phosphate rock, and SP­36 with various doses of P2O5 and determine 
the most effective type. This research was arranged in a completely randomized design 
(CRD) with two factors. The first factor is the type of fertilizer, consisting of nano 
guano, nano phosphate rock, and SP-36. The second factor is the dose of P2O5  with 
four treatment levels, namely 0 kg.ha­1, 50 kg.ha­1, 100 kg.ha­1, and 150 kg.ha­1. The 
results showed that nano phosphate rock was the most effective fertilizer for maize 
in Inceptisol. The optimum dose of P fertilizer was 100 kg.ha­1, which was able to produce 
the highest plant height (215.67 cm) and phosphorus uptake (0.4765 g/plant).

INTRODUCTION 

Phosphorus (P) is one of the essential nutrients 
needed by plants in large amounts. However, its 
solubility and concentration in the soil are relatively 
low, thereby limiting plant growth and development 
(Sharpley et al., 2003). Phosphorus (P) in the soil is 
generally less than 0.3 µg/g, which is slow­moving and 
relatively rare compared to other macronutrients 
(Winarso, 2005). The function of phosphorus in the soil 
cannot be replaced in the form of other nutrients, and 
it is also involved in the metabolic and biochemical 
processes of plant cells. Thus, phosphorus must be 
available to plants (Firmansyah et al., 2017). 

Soil is a natural body resulting from various processes 
and formation factors. As a result, soils are classified 
based on their property similarities because they 
range from one location to the next. One of the most 
widespread soil orders in Indonesia is Inceptisol. This 

soil order is estimated to have an area of 70.52 million 
hectares or occupies 40% of the total land area in 
Indonesia (Priambodo et al., 2019). Although Inceptisols 
have low fertility and chemical qualities, they can still 
be improved with careful management and technology 
(Sudirja et al., 2017). Problems with Inceptisols include 
a relatively low pH (4.5–6.5) and available P due to the 
high solubility of Al and Fe elements binding phosphate 
ions to become insoluble and unavailable to plants 
(Damanik et al., 2010). 

One of the effective efforts in improving soil quality, 
especially P content, is by adding nutrients. High-quality 
natural phosphate is an effective and inexpensive 
natural source of P that can increase soil productivity 
(Musaad, 2018). Some phosphate fertilizers from natural 
phosphates that can be used to increase the availability 
and uptake of phosphorus are guano, phosphate rock, 
and SP-36. However, each of them has different levels 
of P2O5 and P solubility. SP-36 is a low-hygroscopic 
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phosphate chemical fertilizer manufactured from 
phosphate rock acidified with phosphoric acid in 
granular form (Chuaca et al., 2017). Excessive use of 
factory-made fertilizers will result in the efficiency of 
fertilizer use, thus causing waste of fertilizer use and 
reducing soil quality (Tando, 2018). The addition of an 
excessive dose of P fertilizer will result in the soil 
solution being concentrated and unable to be absorbed 
by plants (Nuryani et al., 2019).  

The direct application of guano and phosphate rock 
as P fertilizer is still limited due to several influencing 
factors, including mineralogical properties, particle 
size, free carbonate content, total P2O5, dose, and type 
of natural phosphate deposit (Hartatik et al., 2004). 
P fertilizers from soluble natural phosphates require 
high costs, waste energy, and require large amounts 
of chemicals such as sulfuric acid and phosphoric 
acid. Meanwhile, natural phosphate fertilizers used 
directly generally have low solubility. Therefore, it is 
necessary to increase the efficiency of P fertilizer 
from natural phosphate (Sugiono and Purwanti, 
2019). One of the technologies that can increase the 
effectiveness and efficiency of natural phosphate 
fertilizers is nanotechnology (Ariningsih, 2016).  

Nanotechnology is a technology that deals with 
objects measuring 1 nm to 100 nm (1 nm = 10-9 m) 
and has properties superior to the micro­scale. The 
nanoparticle is so small that it has a very high surface 
area. Nanotechnology is capable of controlling or 
manipulating at an atomic scale. The principle is to 
maximize yields by minimizing the use of fertilizer and 
applying it directly to the target so that nothing is 
wasted. Some of the advantages of using nanoparticles 
are increasing absorption and increasing stability. The 
finer the phosphate particle size up to 100 nm, the 
higher the availability of P in the soil (Gulsun et al., 
2009).  

Nano­sized phosphate particles can move in the soil 
and reach plant roots through mass flow easily when 
approaching the roots, making P depletion promote the 
release of hydroxyapatite nanoparticles. Thus, there 
will be less contact of free orthophosphate-P in the soil 
compared to phosphorus is soluble in water, thereby 
minimizing the opportunity for P fixation (Montalvo 
et al., 2015). The pattern of P release in each soil and 
P uptake of each plant is different (Habi et al., 2017). 
Application of nanoparticle phosphate rocks 7.5% of 
soil weight can reduce P retention in Andisol soil 
from 95.15% to 87.22%, indicating that nanoparticle 
phosphate rocks can release fixed P (Rina et al., 2018). 

Nano phosphate rock treatment of 6% by weight of 
soil gave a significantly different effect on available P 
in Inceptisol (Nugroho et al., 2020). Phosphate rock has 
a high negative charge, which can block the negative 
location of P­absorbing minerals, thereby reducing 
the ability of these minerals to maintain P retention 
(Ridine et al., 2014). The application of 50% guano 
combined with 50% NPK fertilizers positively affected 
soil and crops, leading to sustainable maize production. 
The macronutrient source of guano functions well to 
add soil nutrients (Sridhar et al., 2006).  

Maize is used as an indicator plant because it can 
visually show a nutrient deficiency in the soil and is 
sensitive to P uptake. Besides, maize is also a strategic 
commodity, which has economic value and potential 
to be developed because of its position as a second 
source of carbohydrates and protein after rice. In 
addition, maize can be used as animal feed, industrial 
raw material, and bioenergy (Sulistyaningsih, 2019). 
Maize has considerable potential to be developed in 
Inceptisols if adequate fertilization technologies and 
management efforts are used. However, the optimal 
type and dose of natural phosphate fertilizers with 
nanotechnology, compared to SP-36 fertilizer, for 
maize P uptake in Inceptisols are still unknown. This 
study aimed to determine the most effective type of 
phosphate fertilizer and the optimal dose for the growth 
and absorption of phosphorus in maize. This research 
is expected to inform about the optimal dosage of nano 
guano, nano rock phosphate, and SP-36 fertilizers to 
increase growth and absorption of phosphorus in maize. 

MATERIALS AND METHODS 

This study was carried out in the Department of Soil 
Science greenhouse, Faculty of Agriculture, Universitas 
Gadjah Mada, Yogyakarta, from December 2020 to 
September 2021. The manufacture of nano-tech 
fertilizers was carried out at the Laboratory of Production, 
Universitas Muhammadiyah Yogyakarta. The materials 
used in this study were hybrid maize seeds of Bisi 2 
variety, urea (300 kg.ha­1), KCl (100 kg.ha­1), nano guano 
(25.29% P2O5), nano phosphate rock (30.03% P2O5), 
SP-36 (36% P2O5), and chemicals for the analysis of 
chemical properties of soil, fertilizer, and plant tissues. 
The tools used in this research were pH meter, UV-VIS 
Spectrophotometer 1240 Shimadzu, scales, oven, label 
paper, ruler, sieve, stationery, and other laboratory 
equipments in the Laboratory of General Soil and 
Laboratory of Chemistry and Soil Fertility, Department 
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of Soil Science, Faculty of Agriculture, Universitas Gadjah 
Mada. 

This research was arranged in a factorial Completely 
Randomized Design (CRD). The first factor is the types 
of phosphate fertilizer, namely nano guano, nano 
phosphate rock, and SP-36. The second factor is the 
doses of P2O5, consisting of 0, 50, 100, and 150 kg.ha­1. 
There were 12 treatment combinations, and each 
treatment consisted of three replications, resulting in 
36 experimental units. Soil samples were collected 
from Patuk, Gunung Kidul, at a depth of 0 – 20 cm 
(random sampling). Soil taken from several points 
was then composited and air-dried for two weeks. 
Afterward, the soil was filtered using a 2 mm sieve. 
The fertilizers were manufactured by processing guano 
and phosphate rock into nano­size using a ball mill, 
with a ratio of steel balls, guano or phosphate rock, and 

water of 500 g, 100 g, and 60 ml. The milling process 
was carried out for six hours. Before being applied at 
the beginning of planting, the fertilizers were mixed 
thoroughly with the soil and incubated for two weeks 
(Ladiyani et al., 2011).  

     Urea and KCl were applied at 7 and 30 days 
after planting. The observation made includes the 
characterization of nanoparticles using Scanning 
Electron Microscopy (Manikandan and Subramanian, 
2014), which was continued with analysis using 
image-J. Variables observed include available P, plant 
height, the number of leaves, shoot and root fresh 
weight, shoot and root dry weight, root Cation           
Exchange Capacity (CEC), root volume, and P uptake 
of maize plants. The data were analyzed using ANOVA 
and continued with Duncan's Multiple Distance Test 
(DMRT) at =5% and correlation. 
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Parameter Unit Value Category
Bulk Density (BD) g.cm­3 01.12 Low3)

Specific Weight (SW) g.cm­3 02.21
Porosity % 50.70
Texture
00000000Sand % 33.43 Silt loam
00000000Silt % 57.63 (lempung debuan)1)

00000000Clay % 08.94
Available P [mg.kg­1] 07.00 Low1)

Total P % 00.16 ­
Potential P [mg/100 g] 34.70 Moderate1)

pH
00000000H2O 05.60 Slightly acidic1)

00000000KCl 04.01 Extremely acidic1)

CEC [cmol (+).kg­1] 15.98 Low1)

Organic C % 01.82 Low1)

Organic matter % 03.13 Low1)

Total N [g/100 g] 00.14 Low1)

Available K [cmol (+).kg­1] 00.25 Low1)

Available Na [cmol (+).kg­1] 00.44 Moderate1)

Available Ca [cmol (+).kg­1] 00.47 Extremely low1)

Available Mg [cmol (+).kg­1] 01.61 Moderate1)

Base saturation % 17.33 Extremely low1)

Al and Fe ­ Oxalic acid extract
00000000Al % 01.58 High2)

00000000Fe % 00.61 Low2)

Remarks: Rating based on (Balai Penelitian Tanah, 2009)1) Rating based on (Blackmore et al., 
1981)2) Rating based on (Hunt and Gilkes, 1992)3).

Table 1. Physical and chemical properties of Inceptisol
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RESULTS AND DISCUSSION 

The bulk density of mineral soil ranges from 0.6–1.3 
g.cm­3 (Maas et al., 2018). The value of specific weight 
(SW) of the Inceptisol used was 2.21 g.cm­3 (Table 1). 
Clay minerals generally have a particle density of 
2.2–2.6 g.cm­3. In general, the average density of 
mineral soils is 2.6 g.cm­3 (Afrianti et al., 2019). Soil 
specific weight has varying values, depending on the 
mineral composition of the soil (Balai Penelitian Tanah, 
2006). The ratio of BD and SW of soil is commonly used 
to calculate soil porosity. Porosity is the proportion of 
total pore space contained in a volume unit of soil 
occupied by water and air (Pardosi et al., 2017).  

Porosity is defined as the proportion of total pore 
space occupied by water and air in a unit volume of 
soil. It is an indicator of soil aeration and drainage 
conditions (Manfarizah et al., 2011). The availability of 
phosphorus in the soil is influenced by soil aeration by 
overhauling organic matter by soil microorganisms. In 
dense soil or low oxygen availability, the phosphorus 
absorption process will be disrupted (Neira et al., 
2015). The Inceptisol in the study area had a dusty clay 
texture, with low to moderate levels of available P, 
potential P, and total P (Balai Penelitian Tanah, 2006). 
The low available P was related to Al and Fe oxides in 
the soil, which were the most dominant components 
of P fixing (Freese et al., 1992). When the three variables 
are compared, their presence in the soil is total P > 
potential P > available P. The soil pH was slightly acidic. 
Meanwhile, the values of soil EC, organic C, total N, 
available K, and available Na are classified as low (Balai 
Penelitian Tanah, 2009). The available Ca, available Mg, 
and base saturation of the soil are extremely low, 
moderate, and extremely low, respectively. Al and Fe 
oxide compound extracted with 0.2 M ammonium 

oxalate pH ± 3 obtained an amorphous fraction of 
the oxide compound (Blackmore et al., 1981). 

Al and Fe oxides extracted from ammonium 
oxalate pH of 3 were measured at 1.58% and 0.61%, 
respectively, with high and low values according to 
Blackmore et al. (1981). The levels of Al and Fe oxides 
are influenced by soil genesis, including parent 
material, climate, topography, organisms, and time 
(Freese et al., 1992). This high Al content is due to the 
halloysite clay mineral factor, along with gibbsite, 
which dominates the soil (Raharjo and Sarmili, 2016). 

Characteristics of fertilizer using nano guano, nano 
phosphate rock, and SP-36 

Based on the results of further testing using the 
Image-J software, guano was split into smaller particles, 
consisting of 0.63% measuring 1–10 nm, 20.53% 
measuring 10–20 nm, 75.17% measuring 20–100 nm, 
2.40% measuring 100–250 nm, 1.17% measuring 
250–1000 nm, and 0.11% measuring >1000 nm (Table 
2). The average nano guano formed was 36.08 nm. 
Meanwhile, the phosphate rock formed consisted of 
0.18% measuring 0–10 nm, 25.01% measuring 10–20 
nm, 71.49% measuring 20–100 nm, 3.05% measuring 
100–250 nm, 0.18% measuring 250–1000 nm, and 
0.09% measuring >1000 nm (Table 2). The average size 
of the nano phosphate rock formed was 38.63 nm. The 
manufacture of nanomaterials is successful if 50% or 
more of the particles produced are 1–100 nm in size 
(Khan et al., 2021). 

The total amount of guano and phosphate rock 
with a size of 1–100 nm was 96.33% and 96.68%, 
respectively. Thus, the manufacture of nanomaterials 
was successful. Guano and phosphate rock became 
nano-sized due to the collision between the particles 
and the steel ball for 6 hours. Synthesis of nanoparticles 
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Table 2. Particle size of nano guano and nano phosphate rocks
Diameter  

(nm)
Guano Phosphate rocks

Quantity Percentage (%) Quantity Percentage (%)
0­10 0011 00.63 004 00.18
10­20 0367 20.53 0465 25.01
20­100 1344 75.17 1615 71.49
100­250 0043 02.40 0069 03.05
250­1000 0021 01.17 0004 00.18
>1000 0v02 00.11 0002 00.09

Mean = 36.08 Mean = 38.63
Remarks: Results of the further testing using Image­J software.
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using physical methods, especially using high-energy 
ball milling, can change the particle size into nano. 
Figure 1 shows the morphology of the nano guano 
and phosphate rock fertilizers with a magnification of 
10,000× and 30,000× (Subramanian et al., 2015).  

Synthesis of nanoparticles through a physical 
approach using ball milling with high energy is able to 
change the particle size into nano. After milling for 1, 
2, 4, and 6 hours, the particle size was reduced to 
1078, 475, 398, and 203, resulting in surface areas of 
41, 55, 72, 83, and 110 m2.g­1, respectively. This result 
shows that the smaller the nano size, the larger the 
surface area (Subramanian et al., 2015). The total 
P of nano guano, nano phosphate rock, and SP­36 
were 25.29%, 30.03%, and 36%, respectively (Table 
3). The phosphate content of natural phosphate is 
expressed in the form of phosphorus pentaoxide (P2O5). 
Fertilizers derived from natural phosphates suitable 
for application to the soil contain more than 20% total 
P2O5 and have high reactivity with P2O5 levels soluble 
in 2% citric acid, which is more than 6%  (Arifin et al., 
2017). 

Based on the analysis results, P dissolved in citric 
acid of nano guano, nano phosphate rock, and SP-36 
fertilizers were 11.06%, 14.19%, and 34%, respectively. 
Meanwhile, the moisture content in nano guano, nano 
phosphate rock, and SP-36 fertilizers were 3.15%, 

4.03%, and 3.89%, respectively. The results of the 
fertilizer pH analysis were 7.15, 7.18, and 7.05, 
respectively. The total Ca obtained were 26.92%, 
29.82%, and 18.65%, respectively. The total Mg yields 
were 0.18%, 0.27%, and 0.49%, respectively. Natural 
phosphates such as phosphate rocks and guano 
contain lots of free carbonates such as calcite (CaCO3) 
and dolomite (CaMg(CO3)2), which can provide Ca and 
Mg intake in slightly acidic to very acidic soils (Fayiga 
and Obigbesan, 2017). These levels of Ca and Mg cause 
the pH to become neutral through the release of the 
OH­ group from both elements. 

Natural phosphate-containing materials, such as 
guano, phosphate rock, and SP-36, can be utilized to 
improve soil Ca levels and pH as well as promote P 
nutrients into the soil (Shaaban et al., 2015). The total 
N and K of the fertilizers tested were 3.82 and 0.24%, 
2.07 and 0.28%, and 0.99 and 0.51%, respectively. 
Meanwhile, the Al2O3 and Fe2O3 values of nano guano, 
nano phosphate rock, and SP-36 fertilizers used were 
7.65 and 11.07 ppm, 6.89 and 5.26 ppm, and 4.80 and 
6.41 ppm, respectively. Although large amounts of 
minerals and other impurities were removed during 
beneficiation, natural phosphate from nano guano, 
nano phosphate rock, and SP-36 still contained some 
of the original impurities (Fayiga and Obigbesan, 2017). 
These impurities include silica, Cd, Pb, calcite and iron 
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Figure 1. The results of the SEM analysis of (a) nano phosphate rocks at 10,000× magnification, 
(b) nano phosphate rocks at 30,000× magnification, (c) nano guano at 10,000× magnification, 
(d) nano guano at 30,000× magnification.

 (a)  (b)

 (c)  (d)
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oxide (Fe) hydrates, and aluminum oxide (Al) hydrates 
in varying combinations and concentrations. Some of 
these impurities may have an effect characterized by 
the effect of natural  phosphate applied directly into 
the soil (Musaad, 2018).  

Available P 

Based on Table 4, there was a significantly different 
effect between treatments based on the variance scale. 
Treatment of nano phosphate rock showed significantly 
different results than SP-36 but not substantially 
different from that of nano guano. The highest available 
P was found in the nano phosphate rock treatment, 
with an average of 28 mg.kg­1, and the lowest available 
P was found in the SP-36 treatment, with an average 
of 21 mg.kg­1. The analysis results showed that the 
overall available P increased with the application of 
each P fertilizer depending on the dose given. The P2O5 
dose treatment showed significantly different results 
in the available soil P. The highest available P was 

found at a dose of 150 kg.ha­1, but not significantly 
different at 100 kg.ha­1, namely 42 mg.kg­1 and 37 
mg.kg­1, respectively. The lowest available P was found 
at a dose of 0 kg.ha­1, with an average of 7 mg.kg­1. 
The analysis results showed that a dose of 100 kg.ha­1 
was the optimum dose to increase the availability of P 
in Inceptisol. 

The most effective type of fertilizer treatment to 
increase available soil P was nano phosphate rock, 
and the lowest result was observed in SP-36. This is 
presumably because the use of nano-sized fertilizers 
(1 nm = 10-9 m) is more reactive and is easily absorbed 
by plants (Betty et al., 2017). The use of nano-sized 
natural phosphate fertilizers can accelerate reactions 
that can increase the movement of soil solution ions to 
improve soil chemical properties, including growing 
soil available P (Nugroho et al., 2020). Nano-tech 
fertilizers can make it easier for plant roots to absorb 
nutrients. This happens because the smaller the size 
of an object causes, the larger surface area. A large 

No Parameter Unit Nano guano Nano phosphate rock SP­36
1 Total P % 25.29 30.03 36.00
2 P solubility in 2% citric acid % 11.06 14.19 34.00
3 Moisture content % 03.41 04.03 03.89
4 pH ­ 07.15 07.18 07.05
5 Total Ca % 26.92 29.82 18.65
6 Total Mg % 00.18 00.27 00.49
7 Total N % 03.82 02.07 00.99
8 Total K % 00.24 00.28 00.51
9 Al2O3 ppm 07.65 06.89 04.80
10 Fe2O3 ppm 11.07 05.26 06.41
11 Total Cd ppm 00.033 0.028 00.031
12 Total Pb ppm 00.066 0.062 00.029
13 Total Si % 02.07 00.76 00.41

Table 3. The chemical properties of nano guano, nano phosphate rock, and SP­36

Herlina et al.: Effects of nano guano, nano phosphate rock, and SP­36 fertilizers on maize growth..........

Dose P2O5 
kg.ha­1

Types of phosphate fertilizer
Average

Nano guano Nano phosphate rock SP­36
0 07 07 07 70c

50 17 20 10 160b
100 41 42 27 370a
150 42 43 40 420a

average 00270a 00280a 00210b (­)
Remarks: Means followed by the same letters are not significantly different according to Duncan’s 

Multiple Range Test (DMRT) at =5%.

Table 4. Effects of the types and doses of phosphate fertilizer on the available P mg.kg­1) 



surface can guarantee an increasingly intensive nutrient 
exchange or release process (Havlin et al., 2005). SP-36 
fertilizer, easily soluble in slightly acidic to acidic soil 
like Inceptisol, undergoes dissolution faster. This 
dissolution causes a re-conversion of phosphate from 
the solution phase to poorly soluble forms, such as 
variscite and strengite, so they are not available to 
plants (Habi et al., 2017).    

Plant height 

Based on Figure 2, the application of nano guano, 
nano phosphate rock, and SP-36 at various doses of 
P2O5 increases plant height linearly every week. The 
maize plant height was observed until the maximum 
vegetative phase, which was from 7 to 56 days after 
planting. Highest plant growth was found in the nano 
phosphate rock treatment at a dose of 100 kg.ha­1, 
while the lowest one was found in the SP-36 treatment 
at a dose of 0 kg.ha­1. Plant height is strongly influenced 
by available P in the soil, which serves as a component 
of ATP (aerobic atmosphere) or NADPH2 (anaerobic 
atmosphere) and serves as an energy source for plant 

metabolisms such as photosynthesis and respiration 
(Xue et al., 2014).   

Number of leaves 

Based on Figure 3, the number of leaves of maize 
plants increased every week. Although there was a 
decline at one point, it was because the leaves were 
old and had dried and fallen, resulting in a reduction 
in the number of leaves, which was not significant. 
Increasing doses of nano guano, nano phosphate rock, 
and SP-36 fertilizers tended to increase the number of 
leaves. This result was obtained because the phosphate 
fertilizer given was able to increase the availability of 
phosphorus. The highest and lowest number of leaves 
were obtained in the nano phosphate rock and SP-36 
treatment, respectively. The highest number of leaves 
was obtained in the application of nano phosphate rock 
fertilizer at the doses of 100 kg.ha­1 and 150 kg.ha­1. 
The higher the P2O5 dose, the higher the number of 
leaves. Guano and nano-sized phosphate rock have 
a high surface area, so they are more reactive and 
easily absorbed by plants. Primary and secondary 
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Figure 2. Plant height of maize, NG (Nano guano), NBF 
(nano phosphate rock), and (SP­36). D0, D1, 
D2, D3  (dose 0, 50,100, and 150 kg.ha­1 P2O5).

Figure 3. Number of leaves, NG (Nano guano), NBF (nano 
phosphate rock), and (SP­36). D0, D1, D2, D3  (dose 
0, 50,100, and 150 kg.ha­1 P2O5). 

Figure 4. Root fresh weight of maize as affected by various types 
of phosphate fertilizers and doses of P2O5, NG (Nano 
guano), NBF (nano phosphate rock), and (SP­36). D0, 
D1, D2, D3  (dose 0, 50,100, and 150 kg.ha­1 P2O5). 

Figure 5. Shoot fresh weight of maize as affected by various types 
of phosphate fertilizers and doses of P2O5, NG (Nano 
guano), NBF (nano phosphate rock), and (SP­36). D0, 
D1, D2, D3  (dose 0, 50,100, and 150 kg.ha­1 P2O5). 

Vol. 7 No. 2, August 2022

Remarks: Bars followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT) at =5%.



macronutrients, such as nitrogen, phosphorus, 
potassium, silicon, and calcium, are essential in 
increasing soil fertility and promoting plant growth 
(Khan et al., 2021). 

Shoot and root fresh weight 

The application of nano phosphate rock fertilizer 
at the doses of 100 kg.ha­1 and 150 kg.ha­1 resulted in 
the most significant root fresh weight. Meanwhile, the 
lowest one was discovered at a dose of 0 kg.ha­1 on all 
types of P fertilizer (Figure 4). Similarly, the highest 
shoot fresh weight was found when nano phosphate 
rock fertilizer was applied at the doses of 100 kg.ha­1 
and 150 kg.ha­1. Meanwhile, the lowest one was 
observed in the phosphate fertilizer treatment at a 
dose of 0 kg.ha­1 and was not significantly different 
from the SP-36 treatment at 50 kg.ha­1 (Figure 5). The 
fresh weight of the plant describes the photosynthate 
content or product of the photosynthesis process in 
the soil. Several factors, including sunlight intensity 
and soil nutrient content, can influence fresh plant 
weight. The addition of phosphate rock as a source of 

P using nanotechnology can increase P supply in the 
soil, making P available and influencing plant growth 
(Arifin et al., 2017).  

Shoot and root dry weight 

The effects on the root dry weight varied significantly 
between treatments. P2O5 doses of 100 kg.ha­1 and 
150 kg.ha­1 significantly increased root and shoot dry 
weight. The lowest root and shoot dry weight was 
obtained at a P2O5 dose of 0 kg.ha­1. The highest dry 
weight was found in nano phosphate rock, which had 
a significantly different effect than nano guano and 
SP-36 treatments (Figure 6). Meanwhile, the highest 
shoot dry weight was found in the nano phosphate 
rock treatment at a dose of 100 kg.ha­1, and the lowest 
was found in the SP-36 fertilizer treatment at 0 kg.ha­1 
(Figure 7). The nutrient with the most significant 
impact on plant dry weight is phosphorus. The more 
P plants take in, the more other elements the plant 
take. The more nutrients the plant can absorb, the 
more significant the impact on the plant's dry weight. 
Furthermore, the water content of the tissue biomass 
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Figure 6. Root dry weight of maize as affected by various types of phosphate fertilizers and 
doses of P2O5, NG (Nano guano), NBF (nano phosphate rock), and (SP­36). D0, D1, 
D2, D3  (dose 0, 50,100, and 150 kg.ha­1 P2O5). 

Figure 7. Shoot dry weight of maize as affected by various types of phosphate fertilizers and 
doses of P2O5, NG (Nano guano), NBF (nano phosphate rock), and (SP­36). D0, D1, 
D2, D3  (dose 0, 50,100, and 150 kg.ha­1 P2O5). 

Remarks: Bars followed by the same letters are not significantly different according to Duncan’s 
Multiple Range Test (DMRT) at =5%.



affects the plant's dry weight (Winarso, 2005).  

Root cation exchange capacity (CEC) (cmol(+).kg­1) 

Table 5 shows no interaction effects of treatments 
on the cation exchange capacity of maize roots based 
on the analysis of variance. There was no significant 
difference in the treatment of phosphate fertilizers. The 
nano phosphate rock treatment resulted the highest 
root CEC value, averaging 0.29 cmol(+).kg­1, while the 
SP-36 fertilizer treatment resulted in the lowest value, 
averaging 0.21 cmol(+).kg­1. The P2O5 dose treatment 
produced significantly different results. The highest 
root CEC was found at a dose of 150 kg.ha­1 but not 
significantly different at a dose of 100 kg.ha­1, which 
were 0.47 cmol(+).kg­1 and 0.37 cmol(+).kg­1, respectively. 
Meanwhile, the lowest root CEC was found at a dose 
of 0 kg.ha­1 (0.01 cmol(+).kg­1), which was significantly 
different from that at a dose of 50 cmol(+).kg­1 (0.17 
cmol(+).kg­1). The root CEC is related to the available 
soil P. 

The results showed that the most effective fertilizer 
treatment to increase root CEC was nano phosphate 
rock, and the lowest was SP-36. This is presumably 
because the use of nano­sized fertilizers (1 nm = 10-9 

m) is more reactive and is easily absorbed by plants 
(Betty et al., 2017). Meanwhile, SP-36 fertilizer is 
easily soluble, and it reacts with clay minerals, oxides, 
hydroxides, aluminum, and iron so that it is not available 
to plants (Brady and Weil, 2014). Nano-tech fertilizers 
can make it easier for plant roots to absorb nutrients. 
This happens because the smaller the size of an object 
causes, the larger surface area. A large surface can 
guarantee an increasingly intensive nutrient exchange 
or release process (Havlin et al., 2005). The root CEC 
value was higher in soils with high available P, especially 
in the rhizosphere (Mahanta et al., 2018). The high 
availability of P will increase the number and length of 
more active roots and have more pectin substances to 
directly increase the root CEC (Mahanta et al., 2014).  

Root volume 

Based on the analysis of variance, there was no 
interaction effect of the treatments on the root volume 
(Table 6). The application of phosphate fertilizer types 
and P2O5 doses showed significantly different results. 
The highest root volume was observed in the nano 
phosphate rock treatment, which was an average of 
20 ml/plant. Meanwhile, the lowest root volume was 
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Dose P2O5 
kg.ha­1

Types of phosphate fertilizer
Average

Nano guano Nano phosphate rock SP­36
0 0.0100 0.0200 0.0100 0.010c

50 0.1400 0.2000 0.1800 0.170b
100 0.4400 0.4500 0.2200 0.370a
150 0.4700 0.5100 0.4300 0.470a

average 0.270a 0.290a 0.210a (­)

Table 5. Effects of the types and doses of phosphate fertilizer on the Root CEC 
(cmol(+).kg­1)

Remarks: Means followed by the same letters are not significantly different according to 
Duncan’s Multiple Range Test (DMRT) at =5%.

Dose P2O5 
kg.ha­1

Types of phosphate fertilizer
Average

Nano guano Nano phosphate rock SP­36
0 1.6700 2.330 1.5000 1.830c

50 13.33000 18.0000 9.000 13.440b
100 25.67000 29.6700 21.6700 25.670a
150 26.00000 30.0000 25.6700 27.220a

Mean 16.670ab 20.000a 14.460b (­)

Table 6. Effects of the types and doses of phosphate fertilizer on the root volume (ml/plant)

Remarks: Means followed by the same letters are not significantly different according to Duncan’s 
Multiple Range Test (DMRT) at =5%.
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found in the treatment of SP-36 fertilizer, resulting in 
an average of 14.46 ml/plant. Based on doses effect, 
the lowest root  volume was observed at a dose of 0 
kg.ha­1, resulting in an average of 1.83 ml/plant, while 
the highest one was at a dose of 150 and 100 kg.ha­1. 
The low root volume at a dose of 0 kg.ha­1 was thought 
to be due to the low availability of P nutrients in the 
soil, whereas the high root volume at a dose of 100 
and 150 kg.ha­1 was due to the high availability of 
phosphorus. This result is in line with the research by 
Camacho et al. (2002), stating that the low root volume 
was due to the low availability of P in the soil. This is 
because the root system is the main organ that affects 
nutrient absorption, changes in morphology, and root 
physiology that will affect phosphorus nutrient uptake. 

Phosphorus (P) uptake of maize plants  

According to the analysis of variance, there was an 
interaction effect between the types of P fertilizer and 
the P2O5 doses (Table 7). The nano phosphate rock 

treatment had the highest P uptake at a dose of 100 
kg.ha­1, namely 0.4765 g/plant, and the SP-36 treatment 
had the lowest P uptake at a dose of 0 kg.ha­1, namely 
0.0023 g/plant. The P uptake of nano phosphate rock 
was higher than that of nano guano, which is presumably 
because the nano phosphate rock has higher Ca and P 
soluble in 2% citric acid. The SP-36 fertilizer treatment 
produced the lowest value, presumably because SP-36 
has high solubility and can be easily absorbed by 
plants and is also easily fertilized by Al and Fe oxides, 
making it unavailable to plants. Meanwhile, fertilizers 
using nanotechnology have the advantage of being 
able to make fertilizers more reactive and effective 
(Betty et al., 2017).  

Nano-sized natural phosphate fertilizers could 
accelerate reactions that improve soil chemical 
characteristics like pH and available P by increasing the 
mobility of soil solution ions. Increasing the movement 
of P in the soil is very important to increase P uptake 
because P is not mobile in the soil. The higher the 
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Remarks: Means followed by the same letters are not significantly different according to Duncan’s 
Multiple Range Test (DMRT) at =5%.

Remarks: (**) = significant (P<0.01); P1 = Available Phosphorus ; P2 = Plant Height ; P3 = Number of Leaves 
; P4 = Shoot Fresh Weight ; P5 = Shoot  Dry Weight ; P6 = Root Fresh Weight ; P7 = Root  Dry 
Weight ; P8 = Root CEC; P9 = Root Volume ; P10 = Phosphorus Uptake 

Dose P2O5 
kg.ha­1

Types of phosphate fertilizer
Average

Nano guano Nano phosphate rock SP­36
0 0.00260c 0.00460c 0.00230c 0.0032

50 0.06740c 0.12300c 0.02220c 0.0709
100 0.30570b 0.47650a 0.08700c 0.2897
150 0.34800b 0.46520a 0.31280b 0.3753

Mean 0.180900 0.267300 0.106100 (+)

Table 7. Effects of the types and doses of phosphate fertilizer on the P tissue uptake (g/plant)

Table 8. Correlation of available phosphorus with plant growth and phosphorus uptake in maize

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
P1 1 .878** .888** .876** .954** .912** .867** .856** .918** .886**
P2 .878** 1 .949** .949** .929** .895** .903** .869** .877** .825**
P3 .888** .949** 1 .928** .935** .898** .904** .875** .902** .812**
P4 .876** .949** .928** 1 .971** .940** .927** .832** .906** .907**
P5 .926** .954** .935** .971** 1 .947** .932** .850** .910** .914**
P6 .912** .895** .898** .940** .947** 1 .927** .869** .948** .923**
P7 .867** .903** .904** .927** .932** .927** 1 .863** .936** .843**
P8 .856** .869** .875** .832** .850** .869** .863** 1 .886** .751**
P9 .918** .877** .902** .906** .910** .948** .936** .886** 1  .843**

P10 .886** .825** .812** .907** .914** .923** .843** .751** .843** 1

Herlina et al.: Effects of nano guano, nano phosphate rock, and SP­36 fertilizers on maize growth..........



available P in the root zone, the more P is absorbed by 
plant roots so that the tissue P concentration increases 
(Nugroho et al., 2020). 

Correlation of available phosphorus with plant 
growth parameters and P uptake in maize  

The analysis results showed a positive correlation 
with a solid and significant relationship between the 
availability of phosphorus nutrients and the growth and 
P nutrient uptake of maize (Table 8). This shows that the 
higher the phosphorus nutrient content available in 
the soil, the higher the plant nutrient uptake, thereby 
affecting plant growth. The increase in the dry weight of 
the plant canopy is related to the increase in plant height, 
which is influenced by the availability of phosphorus 
in the soil so that the formation of plant tissue is better 
(Rizky et al., 2019). This research shows that the success 
rate of growth and uptake of maize plants is highly 
dependent on increasing soil fertility and productivity, 
mainly available P. 

CONCLUSIONS 

The effectiveness of phosphate rock fertilizer with 
nanotechnology for maize plants in Inceptisol was 
better than that of nano guano and SP-36 fertilizers. 
The optimum dose of P fertilizer was 100 kg.ha­1, 
which could increase plant growth, resulting in the 
highest plant height of 215.67 cm and phosphorus 
uptake of 0.4765 g/plant. 
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