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ABSTRACT. Throughout history, agricultural sector in Indonesia has faced a shortage of land. As a result, 

we must take use of land that is still available, even if the conditions are unsuitable for plant growth, one 

of which is salinity-stressed land. Amaranth is a frequently cultivated plant in Indonesia (Amaranthus 

tricolor L.). This vegetable plant is commonly consumed as food due to its nutritional content and numerous 

health benefits. To cultivate amaranth on salinity-stressed land, additional nutrients are required to ensure 

that the plants continue to thrive. One of them is the provision of biofertilizers, a type of organic fertilizer 

that contains beneficial bacteria for plant growth. This study aimed to determinate the effect of biofertilizer 

application on the growth and diameter of the stem metaxylem of amaranth plants growing in a salinity-

stressed environment. As a salinity stress treatment, NaCl was applied at doses of 0, 2500, 5000, 7500, and 

10000 ppm. The diameter of the metaxylem was determined by making fresh preparations across amaranth 

stems. The biofertilizer application does not affect the height and number of leaves of the plant. However, 

as the dose of biofertilizer was increased, the value of the metaxylem diameter of the stem increased. 

 

Keywords: anatomical observation; biofertilizer doses; metaxylem of amaranth; plant nutrient; salinity 

land  
 
Article History: Received 18 August 2021; Received in revised form 21 October 2021; Accepted 14 November 2021; Available 

online 30 December 2021 

How to Cite This Article: Riesty OS, Siswanti DU. 2021. Effect of biofertilizer on growth and metaxylem diameter of Amaranthus 

tricolor L. in salinity stress condition. Biogenesis: Jurnal Ilmiah Biologi. vol 9(2): 178–188. doi: 

https://doi.org/10.24252/bio.v9i2.22232. 

 

INTRODUCTION 

Amaranth (Amaranthus tricolor L.) is a 

vegetable plant belonging to the 

Amaranthaceae family that is frequently 

consumed, has a large number of widely spread 

species, and contribute to economic impact in 

Indonesia (Dewi & Fariyanti, 2015; 

Kementerian Pertanian, 2020). This plant is 

commonly cultivated due to its numerous 

health benefits, associated with its function in a 

variety of pharmacological activities, including 

anticancer, hepatoprotective properties, 

maintaining cardiovascular health, and 

resolving blood pressure issues due to its 

composition (Jovanovski et al., 2015; Pradana 

et al., 2016; Putri et al., 2017; Hidayanti et al., 

2021). Apart from fiber, vitamin, protein, and 

carbohydrate, amaranth contains flavonoids, 

saponins, and tannins with antioxidant pigment, 

as well as lutein, which may help reduce vision 

loss associated with aging and protect the skin 

from sun exposure (Latha et al., 2013; Han & 

Xu, 2014; Moilati et al., 2020; Sarker & Oba, 

2020).  

Environmental factors are one of the 

important factors for plant growth. Several 

regions in Indonesia are known to have coastal 

lands that have good potential for agriculture if 

they can be managed optimally, especially 

regarding the level of salinity (Sudrajat, 2013; 

Karolinoerita & Yusuf, 2020). Soil under 

salinity stress contains a high concentration of 

dissolved salts as a result of the accumulation 

of various dissolved salts in the water, which, 

when present in sufficient concentrations, can 

stress plants, including NaCl, Na2SO4, and 

MgCl2 (Mindari et al., 2011; Parihar et al., 

2015). This situation can limit plant growth due 

to abiotic pressure. High levels of dissolved 

salts in the soil can also affect the occurrence of 

osmotic stress, disruption of ion transport 

membranes, induce oxidative stress, and 

hormonal imbalance (Farooq et al., 2015; 

Volkov & Beilby, 2017). 

Fertilizers can be used to aid in the growth 

of plants that thrive in a saline environment. 

However, instances of rising fertilizer prices 

have recently resurfaced (Kementerian 

Pertanian, 2021). Therefore, it is necessary to 
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find a solution that does not interfere with the 

agricultural sector's operation, one of which is 

through the use of organic fertilizers 

manufactured from waste such as livestock 

waste and by optimizing biofertilizer use. 

Biofertilizer contain microorganisms that are 

added to the basic ingredients of livestock 

urine, which has a number of beneficial 

properties, including enhancing soil fertility, 

soil health, and organic matter biodegradation 

in the soil (Radha & Rao, 2014; Zhang et al., 

2018). There are biofertilizers that are created 

with formula compositions that include certain 

Trichoderma sp. that can help stimulate plant 

growth (Shida et al., 2020). Rhizobium sp., 

Azospirillum sp., Azotobacter sp., Azomonas 

sp., Pseudomonas sp., Bacillus sp., Aspergillus 

sp., and Penicillium sp. are among the 

microorganisms found in the biofertilizer (Selvi 

et al., 2017; Atieno et al., 2020), involved in 

nitrogen fixation, phosphate dissolution, and 

the production of IAA phytohormones, which 

can assist stimulate growth and create a variety 

of hormones, including auxins, gibberellins, 

and cytokinins (Mohammadi & Sohrabi, 2012; 

Hassan & Bano, 2015; Soumare et al., 2020). 

The microbes contained in the biofertilizer may 

stimulate colonization of the rhizosphere, hence 

increasing soil fertility through increased plant 

nutrients and beneficial synergy amongst 

microbes (Malusá et al., 2012; Kartikawati et 

al., 2017). In line with our previous studies that 

applying rice plants (Oryza sativa L.) 10 L/ha 

of biofertilizer resulted in an increase in soil 

nutrient content necessary for optimal plant 

growth (Siswanti & Rachmawati, 2013). 

It is necessary to learn more about the 

effect of biofertilizers and the optimal dose for 

increasing the growth of amaranth in a salinity-

stressed environment. Additionally, no research 

has been conducted previously on the 

observation of stem metaxylem diameter of 

amaranth in relation to salinity stress or the 

impact of fertilizer application. This study aims 

to determine the effect of biofertilizer 

application on the growth and diameter of 

amaranth stem metaxylem in a salinity-stressed 

environment. Thus, it is envisaged that in the 

future, as agricultural land becomes 

increasingly scarce, amaranth planting can also 

be accomplished on land subject to salinity 

stress with the use of biofertilizer applications. 

 

MATERIALS AND METHODS 

The research was conducted at the Green 

House for plant planting and care and 

Laboratory of Plant Physiology, Faculty of 

Biology, Universitas Gadjah Mada in July-

November 2020.  

Biofertilizer treatment. This research was 

initiated by planting amaranth (Amaranthus 

tricolor L.) seeds in polybags with a plant 

medium in the form of a mixture of soil, roasted 

husks, and manure as basic fertilizer. Each 

polybag is planted with five seeds each, then 

when they grow, the best two seeds will be 

selected for observation. A biofertilizer was 

prepared which was made with the origin of 

several microbes including Bacillus sp., 

Lactobacillus sp., Saccharomyces sp., 

Streptomyces sp., Azospirillum sp., 

Pseudomonas sp., Azotobacter sp., Rhizobium 

sp., and IAA-producing bacteria, and livestock 

urine based on the formula following our 

previous studies (Siswanti & Khairunnisa, 

2021), and also prepared NaCl as salinity stress. 

The doses of biofertilizer given in this study as 

treatment were 0, 10, 20, and 30 L/ha. 

Meanwhile, NaCl solution as salinity stress was 

made in various concentrations of 0, 2500, 

5000, and 10000 ppm. Biofertilizer treatment 

was treated to plants when the plants were two 

weeks old after the seeds are planted, with 

routine administration once in five days. 

Meanwhile, salinity stress treatment of NaCl 

was given on the 7th day and 14th day at two 

weeks after the seedling period. Plants are 

maintained with regular watering every 

morning. During the growth period, 

observations and measurements of plant height 

and number of leaves on each treatment were 

carried out as growth parameters, and each 

observation was followed by measurements of 

environmental parameters. After approximately 

one month and the plants are ready to be 

harvested, the plants are removed from the soil 

for anatomical observations of the metaxylem 

on the plant stems.  

Anatomical observations. Anatomical 

observations began with making fresh plant 
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preparations. The stems of the plant were cut 

and cleaned with water. The stem was cut 

crosswise as thinly as possible. The cut results 

were then placed on a clean object glass and 

then dripped with distilled water. The 

preparations were covered with a cover glass 

and immediately observed under a microscope 

that had been connected to an optiLab. 

Observations focused on the transport bundle 

network in plant stems, especially the 

metaxylem. The observations were captured 

and stored for further measurement of the 

metaxylem diameter of the stem using Image 

Raster software (Siswanti et al., 2019). 

Data analysis. The data obtained in this 

study were analyzed using SPSS ver. 25, with 

the ANOVA test at a 95% confidence level (ɑ 

= 0.05), and continued with the Duncan 

Multiple Range Test (DMRT). 

 

RESULTS AND DISCUSSION 

Plant height. Measurement of Amaranthus 

tricolor L. height was carried out using a ruler 

during the growth period. The results of 

measuring plant height with various doses of 

biofertilizer treatment and with NaCl as salinity 

stress are presented in Table 1.

 
Table 1. Plant height (cm) of amaranth (Amaranthus tricolor L.) with various doses of biofertilizer in salinity 

concentration 0-10000 ppm. 

NaCl conc. 

(ppm) 

Biofertilizer doses (L/ha) 

0 (B0) 10 (B1) 20 (B2) 30 (B3) Average 

0 (A0) 19.21 ± 5.31a 18.24 ± 3.83a 20.31 ± 1.98a 19.00 ± 4.14a 19.19 ± 1.57b 

2500 (A1) 24.31 ± 3.12a 16.90 ± 3.10b 19.87 ± 2.50b 19.27 ± 3.20b 20.09 ± 1.33ab 

5000 (A2) 19.51 ± 4.73a 18.75 ± 1.73a 20.99 ± 3.00a 21.73 ± 3.59a 20.24 ± 1.61ab 

7500 (A3) 26.44 ± 2.67a 18.92 ± 3.76b 21.32 ± 1.49b 20.60 ± 4.68b 21.82 ± 1.17a 

10000 (A4) 23.58 ± 3.26a 19.93 ± 1.98a 20.41 ± 2.29a 22.67 ± 4.97a 21.65 ± 1.74a 

Average 22.61 ± 2.15a 18.55 ± 1.48c 20.58 ± 1.31b 20.65 ± 1.09b   
Notes: a-c= the means on the same column or row with different superscripts are significantly different (P<0.05). 

 

According to Table 1, the average value of 

A. tricolor L. height under salinity stress and 

with biofertilizer application was 26.44 cm with 

a biofertilizer dose of 0 L/ha and a salinity 

concentration of 7500 ppm, while the 

lowest average value was 16.90 cm in plants 

with a biofertilizer dose of 10 L/ha and a 

salinity concentration of 2500 ppm. The 

majority of A. tricolor L. in 0 L/ha biofertilizer 

had the highest plant height, as demonstrated by 

the highest average value when compared to 

other biofertilizer dose treatments. This is 

because other factors outside biofertilizers may 

have a greater effect on plant height growth in 

this study, and the dose of biofertilizer used 

may not be sufficient to meet plant 

requirements. When the Duncan test results for 

the average value of plant height between 

biofertilizer treatments are compared, it is clear 

that the average value of plant height increases 

as the dose of biofertilizer is increased, but the 

treatment given biofertilizer at a dose of 0 L/ha 

has the highest average value, with all mean 

values being significantly different, except for 

the treatments given biofertilizer at doses of 20 

and 30 L/ha. The correlation between the 

increase in plant height and the increase in 

biofertilizer dose indicates that biofertilizer can 

assist in maintaining and increasing plant 

growth, particularly plant height, in conditions 

with salinity stress. However, it can be shown 

that the control plants had the highest mean 

value. This is apparently because 

environmental conditions, particularly light 

intensity, exerted a stronger effect in this study 

than the effect of the applied biofertilizer. 

Additionally, it is probable that the dose of 

biofertilizer used in this study was insufficient 

to meet the plant's nutritional requirements. 

Alternatively, it could be that the biofertilizers 

content is insufficient to promote plant 

development. The composition of the 

biofertilizer, might also influence the outcome 

of the application, considering that microbes 

stimulates and increases plant development in a 

special way. Furthermore, mixed organic 

liquids other than urine, such as tofu waste 

water, coconut water waste, microalgae, or 
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vermiwash formula, can be utilized as 

supplementary compositions for biofertilizers 

that must be adapted to the nutrient 

requirements of the plants (de Siqueira Castro 

et al., 2020). Meanwhile, it is known that plant 

height increases with increasing salinity stress 

concentrations, as indicated by plant height at 

salinity concentrations of 7500 and 10000 ppm, 

which was significantly different from control 

plants and salinity treatments of 2500 and 5000 

ppm. 

Number of leaves. The number of leaves 

of A. tricolor L. on each treatment of was 

counted together with the measurement of plant 

height. The results of calculating the average 

number of leaves are presented in Table 2.

 
Table 2. Number of leaves of amaranth (Amaranthus tricolor L.) with various doses of biofertilizer in salinity 

concentration 0-10000 ppm. 

NaCl conc. 

(ppm) 

Biofertilizer doses (L/ha) 

0 (B0) 10 (B1) 20 (B2) 30 (B3) Average 

0 (A0) 7.86 ± 1.57a 8.29 ± 1.25a 8.43 ± 0.79a 7.57 ± 0.98a 7.86 ± 0.38c 

2500 (A1) 9.86 ± 1.07a 7.57 ± 1.13b 8.57 ± 1.13b 8.00 ± 1.00b 8.71 ± 0.49ab 

5000 (A2) 8.71 ± 1.11a 8.14 ± 0.69a 8.57 ± 0.98a 8.43 ± 0.98a 8.57 ± 0.54b 

7500 (A3) 9.86 ± 0.69a 8.00 ± 0.82c 8.71 ± 0.49bc 8.29 ± 1.11bc 9.00 ± 0.00ab 

10000 (A4) 9.57 ± 0.79a 8.57 ± 0.79b 9.00 ± 0.58ab 8.57 ± 1.27b 9.14 ± 0.38a 

Average 9.14 ± 0.90a 8.14 ± 0.38b 8.57 ± 0.54ab 8.14 ± 0.38b   
Notes: a-c= The means on the same column or row with different supercripts are significantly different (P<0.05). 

 

A. tricolor L. with the most leaves are those 

treated with 0 L/ha biofertilizer at salinity stress 

levels of 2500 and 7500 ppm, respectively, with 

a value of 9.86 (Table 2). Meanwhile, the 

lowest value, 7.57, was seen in plants treated 

with 30 L/ha biofertilizer at 0 ppm salinity 

stress. Similar to the results of measuring plant 

height, the results of measuring the average 

number of leaves revealed that the majority of 

plants treated with 0 L/ha biofertilizer had a 

higher value than plants treated with other 

treatments, as evidenced by the fact that the 

average value for 0 L/ha biofertilizer dose 

treatment is the highest. The average number of 

leaves tends to decrease as the dose of 

biofertilizer is increased. According to the 

average results between biofertilizer treatments 

in Table 2, the optimal biofertilizer dose to 

assist in increasing the number of leaves in 

plants living under salinity stress is 20 L/ha. 

The reason for the decline in the value of the 30 

L/ha biofertilizer dose is because the dose of 

biofertilizer is too high. As a result, the 

biofertilizer's microbial content increases 

significantly. The abundance of microbes can 

result in intense competition between microbes 

in the rhizosphere area, which can have an 

effect on nutrient uptake inhibition. The 

Duncan test revealed that the average number 

of leaves in all treatments was substantially 

different from one another, except for the 

treatment in which biofertilizer concentrations 

of 10 and 30 L/ha were applied. In contrast to 

the average number of leaves between 

biofertilizer treatments, which tends to decrease 

as the dose of the given biofertilizer increases, 

when the average number of leaves between 

salinity treatments is observed, it can be 

concluded that the number of leaves tends to 

increase as the salinity stress concentration 

increases, with which was not significantly 

different in stress treatments of 2500 and 7500 

ppm, but significantly different with and 

between. 

The increase in plant height and the 

number of leaves are two examples of 

characteristics that indicate plant growth. 

Growth is an irreversible process defined by a 

gain in height, length, stem diameter, tissue 

volume, and fresh weight, among other 

characteristics, which is   characterized by a 

variety of elements, both internal and external 

(Lastdrager et al., 2014; Gardiner et al., 2016). 

External factors are those that originate external 

to the plant, such as environmental influences. 

External influences can be further classified 

into natural variables such as sunlight, soil 

moisture, soil pH, and soil respiration as well as 

artificial factors or elements that are purposely 

provided by humans (Barron‐Gafford et al., 

2011; Prasad et al., 2017), such as the 

biofertilizer provided to aid plant development 



Riesty & Siswanti                                                                                                         Biogenesis: Jurnal Ilmiah Biologi 182 

 

in this study. Additionally, soil fertility can be 

increased, resulting in an increase in the 

productivity of plants, through the application 

of biofertilizers (Adekayode & Ogunkoya, 

2011). However, the results of this study 

indicated that plants grown without biofertilizer 

had the highest average plant height and leaf 

number values when compared to other treated 

plants. 

Our previous studies (Siswanti & 

Umah, 2021), used same plant species and 

biofertilizer formula, but with NPK fertilizer as 

the basic fertilizer, the results indicated that a 

biofertilizer dose of 20 L/ha was capable of 

increasing plant height and leaf number on 

plants exposed to salinity stress. These findings 

contrast with those obtained in this study, in 

which control plants not treated with 

biofertilizers had the highest growth 

values, presumably due to other environmental 

factors in addition to the effect of the 

biofertilizer. Intensity of sunlight, as light is the 

primary factor, impacts plant physiology and 

biochemistry, as well as having the potential to 

limit plant growth and production (Chen et al., 

2021; Shafiq et al., 2021). It was determined 

that the B0 plant plot had the highest average 

light intensity value compared to the other 

treatment plant plots. In contrast to our previous 

studies (Siswanti & Umah, 2021) that the light 

intensity in the control plant plot was extremely 

low, the light intensity in this research was 

significantly higher than in other 

treatments.  Thus, even though no biofertilizer 

was used in this treatment, the plants grew 

effectively due to the strong impact of sunlight. 

Sufficient light intensity can boost plant growth 

and productivity by increasing numerous 

growth indices such as plant height, leaf 

number, and leaf area. Additionally, it can have 

an effect on the germination process of seeds. 

Besides that, the light impact can be enhanced 

by incorporating a combination of light sources 

(Chen et al., 2015; Ren et al., 2018). This study 

used manure as a basic fertilizer, which can 

help in plant growth in addition to the 

biofertilizer treatment. Manure contains a high 

concentration of organic matter, which is used 

as a food source by soil microorganisms and 

changed into a form that may be used by plants 

as nutrients to aid in growth via the absorption 

process by soil microbes (Zhang et al., 2012). 

Additional elements such as the availability of 

nutrients from manure must be considered 

because they can assist in activating the 

biofertilizer's microbial activity (Subowo et al., 

2013). As previously stated, competition 

between bacteria in the rhizosphere can impede 

nutrient uptake. 

The value of the biofertilizer application 

treatment increased with a dose of 20 L/ha and 

subsequently reduced with a dose of 30 L/ha, 

which may also indicate that a dose of 20 L/ha 

biofertilizer is an appropriate dose for amaranth 

to increase their growth in a salinity-stressed 

environment. However, it is possible that 

different doses, either higher or lower, are 

better compatible with the amaranth 

requirements. In this study, the number of 

leaves and plant height had an effect on one 

another. This is demonstrated by the fact that 

amaranth with the most leaves also have the 

greatest height in comparison to other plants. 

The high number of leaves on plants enables the 

plants to grow more rapidly and effectively. 

This is connected to the CO2 assimilation 

process occurring in leaves, which utilizes CO2, 

H2O, and photon energy collected by 

chlorophyll (Hikosaka & Noda, 2019). 

However, having a high number of leaves does 

not always imply improved growth metrics, as 

demonstrated in Wulandari et al. (2017) on the 

effect of leaf number of Citrus aurantifolia on 

cutting growth. In this study, plants with two 

leaves grew faster than plants with four leaves, 

owing to the fact that other factors influenced 

the outcomes. 

Meanwhile, plants treated with B1 (10 

L/ha) biofertilizer had the lowest average 

growth value. Amaranth receiving the shortest 

dose of biofertilizer had an average value for 

both average plant height and leaf number, 

indicating that the plants receiving the 

treatment lacked sufficient nutrients to grow 

effectively. Because, in addition to receiving a 

little amount of biofertilizer, plants are 

subjected to stress in salinity. Unlike the 

amaranth with B0, which similarly thrive in 

salinity-stressed environments, these plants 

receive no biofertilizer, but their plots receive 
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abundant light. Conversely, the light intensity 

in the plots of plants treated with B1 was not 

excessive, indicating that the plants received 

just a limited amount of growth support. 

Additionally, plants treated with biofertilizer at 

a dose of 30 L/ha at a salinity concentration of 

0 ppm had a low mean number of leaves, 

despite the fact that this treatment plant got the 

highest amount of biofertilizer. The data 

collection is achievable because the 

physiological variables of the plant or the 

dosage of biofertilizer are still insufficient to 

meet the plant's requirements. Each plant has 

unique nutritional requirements depending 

on variety of parameters, including the spread 

of the plant's roots and size.  

Metaxylem diameter. Observation of 

stem metaxylem diameter was measured by 

observing the fresh cross section of amaranth 

stem for each treatment under a microscope. 

Diameter length was measured by image of the 

preparation taken with OptiLab and then 

measured by Image Raster. The results of 

measuring the metaxylem diameter of spinach 

stems in this study are listed in Table 3.

 
Table 3. Stem metaxylem diameter (μm) of amaranth (Amaranthus tricolor L.) with various doses of biofertilizer in 

salinity concentration 0-10000 ppm. 

NaCl conc. (ppm) 
Biofertilizer doses (L/ha) 

0 (B0) 10 (B1) 20 (B2) 30 (B3) Average 

0 (A0) 30.53 ± 3.67a 32.48 ± 4.89a 33.19 ± 4.03a 35.63 ± 6.11a 32.96 ± 1.77ab 

2.500 (A1) 27.21 ± 1.99b 31.44 ± 4.67ab 30.41 ± 4.53ab 36.51 ± 2.01a 31.39 ± 0.38b 

5.000 (A2) 37.80 ± 5.09a 33.74 ± 3.82a 37.76 ± 2.80a 38.92 ± 7.88a 37.06 ± 2.18a 

7.500 (A3) 33.17 ± 9.58a 32.89 ± 3.50a 39.14 ± 2.94a 39.38 ± 9.67a 36.15 ± 3.29a 

10.000 (A4) 32.21 ± 2.60ab 34.71 ± 1.71ab 35.45 ± 3.56a 29.88 ± 2.38b 33.07 ± 2.33ab 

Average 32.18 ± 1.61c 33.05 ± 0.59bc 35.19 ± 0.87ab 36.06 ± 1.98a   
Notes: a-c= the means on the same column or row with different superscripts are significantly different (P<0.05). 

 

The highest diameter of metaxylem on the 

stems of amaranth is 39.38 μm treated with 30 

L/ha biofertilizer at a salinity of 7500 ppm, 

while the smallest diameter of metaxylem is 

27.21 μm treated with 0 L/ha biofertilizer at a 

salinity of 2500 ppm (Table 3). When the 

average value is observed, the value of the 

metaxylem diameter of the stem increases in 

proportion to the amount of biofertilizer 

applied. This demonstrates that the 

administration of biofertilizer can assist the 

metaxylem diameter of plants growing in a 

salinity-stressed environment, and that a higher 

dose of biofertilizer can further enhance the 

stem's metaxylem diameter. The Duncan test 

revealed that the average value of stem 

metaxylem diameter was substantially different 

in all treatments between biofertilizer dosages. 

However, when the average value of 

metaxylem diameter is compared to other 
salinity treatments, there was an erratic increase 

and decrease in the value of metaxylem 

diameter, with plants under stress 5000 ppm 

having the highest average, with salinity 

treatments of 0 ppm being not significantly 

different from 10000 ppm, and 5000 ppm 

treatments being not significantly different 

from 7500 ppm, but stress at 2500 ppm being 

significantly different. In salinity-stressed 

environment, the diameter of the carrier beam, 

particularly the xylem, decreases as the stress 

concentration increases, with the goal of 

speeding up the process of water ascending 

from the soil to the leaves through capillarity. 

However, based on the average of the salinity 

treatments, it was discovered that despite the 

application of biofertilizer, the value of 

metaxylem diameter decreased at stress 

concentrations of 7500 and 10000 ppm. This is 

feasible because plants are already extremely 

stressed at this degree of stress, and even if a 

biofertilizer is provided to promote growth, the 

plant will shorten its metaxylem diameter in 

order to tolerate it. Salinity tolerance occurs for 

a variety of reasons, some of which are 

determined by ion transport. It also involves 
complicated reactions at the molecular, cellular, 

metabolic, physiological, and amaranth levels, 

including plant species that are very tolerant of 

drought and heat (Gupta & Huang, 2014; Idris 

et al., 2020). Another possible cause is that the 

formula or composition of the biofertilizer is 
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not appropriate for the amaranth nutritional 

requirements. Variations in the type, formula, 

or concentration of biofertilizers applied to 

plants could be the factors that contribute to 

plant development (Xu et al., 2020). On the 

basis of these results, it may be concluded that 

stress has no discernible effect on 

amaranth metaxylem diameter. The Fig. 2 are 

the results of observations of fresh preparations 

cross-sectional of A. tricolor L. stems observed 

with a light microscope.

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Cross section of stems of Amaranthus tricolor L. at various salinity stress treatment with biofertilizer treatment: 

a-d= 0 ppm salinity stress treatment; e-h= 2500 ppm salinity stress treatment; i-l= 5000 ppm salinity stress treatment; m-

p= 7500 ppm salinity stress treatment; q-t= 10000 ppm salinity stress treatment; a/e/i/m/q= 0 L/ha dose of biofertilizer; 

b/f/j/n/r= 10 L/ha dose of biofertilizer; c/g/k/o/s= 20 L/ha dose of biofertilizer; d/h/l/p/t= 30 L/ha dose of biofertilizer; X= 

xylem; F= phloem. 
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Salinity, which may occur due to climate 

change, excessive use of groundwater near the 

coast, or irrigation with low-quality water, is 

one of the factors that significantly affect crop 

productivity in terms of growth and growth rate. 

High salinity can be stressful and have a 

negative effect on plant productivity, as salt 

disrupts plant nutrition and increases soil 

osmotic pressure. NaCl as one of the 

compounds whose presence in the soil can 

increase salinity, its accumulation can also 

cause osmotic stress in plants (Gupta & Huang, 

2014; Machado & Serralheiro, 2017). Plants 

respond to salinity stress in a variety of ways, 

ranging from molecular to physiological, and 

these responses can affect physiology, 

morphology, and metabolism. Salinity stress 

can cause the xylem vessels to shrink and 

embolism to occur, which is an event in which 

gas bubbles in the form of water vapor become 

trapped in the xylem and can obstruct the 

passage of water from the roots to the top of the 

plant for metabolic processes, thereby 

inhibiting the plant's growth process (Gupta & 

Huang, 2014; Rajput et al., 2015; Patel et al., 

2020). Reduced area or diameter of the vascular 

bundle is an adaptive response of plants to 

stress (Atabayeva et al., 2013). Additional 

nutrients and minerals supplied to plants, one of 

which can be accomplished through the 

application of fertilizers, have been shown to 

influence the plants' ability to adapt to harsh 

circumstances. The provision of fertilizers, 

such as biofertilizers, is designed to assist plants 

in continuing to grow and accelerating their 

growth, allowing plants to thrive in the face of 

challenges that could threaten their survival. By 

providing a biofertilizer, the bacteria contained 

therein can encourage plant development by 

functioning as an inoculant and providing 

nutrients to the plants. Moreover, there are 

additional roles for bacteria in assisting plants 

in surviving in stressful environments, 

depending on the microbe, the stress, and the 

plant (Waraich et al., 2012; Al-Amri, 2021). 

Measuring the diameter of the metaxylem 

in this study revealed that the higher the dose of 

biofertilizer applied to the plant, the larger the 

diameter of the metaxylem detected in 

amaranth. The provision of biofertilizer is 

undoubtedly a driving force that contributes to 

the growth of amaranth exposed to salinity 

stress. Hence metaxylem is created after 

primary growth begins, biofertilizer 

administration can assist in expanding the 

diameter of metaxylem by promoting plant 

development even under adverse situations. In 

contrast to the growth observations, the 

diameter of the metaxylem biofertilizer appears 

to be more influential. This is because, as a 

transport system, the process begins in the soil, 

where the roots collect nutrients and minerals, 

which are subsequently transported to various 

parts of the plant via the xylem. The 

biofertilizer used in this study was also applied 

to the soil, allowing plants whose soil received 

a larger dose of biofertilizer to grow and 

develop normally, one of which was the growth 

and development of stem organs and associated 

systems, such as xylem. Thus, plants exposed 

to a high dose of biofertilizer had a larger xylem 

diameter than plants exposed to a low dose of 

biofertilizer. We underline in our study the 

crucial importance of expanding amaranth 

output and quality as an edible vegetable, as 

community demand has not been addressed 

properly. Green vegetable production facilities 

that are both environmentally friendly and salt-

tolerant are a new hope for Indonesia. 
 

CONCLUSION 

The biofertilizer application did not affect 

the increased amaranth (Amaranthus tricolor 

L.) growth in this study, particularly in plant 

height and leaf number under salinity stress 

conditions, but it did affect the metaxylem 

diameter of plant stems. The higher the dose of 

biofertilizer applied, the larger the metaxylem 

diameter on the stem. 
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