
Journal of Applied Agricultural Science and Technology                   E-ISSN: 2621-2528 
5(2): 84-94 (2021)   ISSN: 2621-4709 
 

Received July 24, 2021; Accepted August 31, 2021; Published August 31, 2021  
https://doi.org/10.32530/jaast.v5i2.26 
This is an open access article under the CC BY-SA 4.0 license https://creativecommons.org/licenses/by-sa/4.0 

84 

THE RECIPROCAL EFFECT BETWEEN SOIL WATER CONTENT AND THE SOIL 
BULK DENSITY ON THE GROWTH AND YIELD OF ONION (Allium cepa L.) 

 
Pou Anda 

 
Department of Geophysics, Halu Oleo University, Kendari, Indonesia 

 
*Corresponding author 

E-mail: pou_anda@ymail.com 

Abstract. The SWC and the SBD play an important role in determining soil’s suitability for 
agricultural uses because they affect various physical, chemical, and biology of soil properties. 
This field experiment aimed to investigate the reciprocal effect of the SWC and the SBD on the 
growth and yield of onion (Allium cepa L.). The experiment was layout in a randomized complete 
block design (RCBD) with three replications. This experiment consisted of one factor, namely, 
water (A) with four levels, namely, (A0=0 liter, A1=4 liters, A2=8 liters, and A3=16 liters), and 
one variety endemic of local Tomia (V). The treatment consisted of A0V, A1V, A2V, and 
A3V.  Parameters observed including plant height, leaf width, fresh bulb and dry bulb weight. The 
results showed that the different water levels treatment had a highly significant (p<0.01) affected 
the SWC and SBD. Also, simultaneously the SWC and the SBD had a high significance (p<0.01) 
reciprocally influenced the plant height, leaf width, fresh and dry weight of onion. When the SWC 
increase, the growth and the yield of onion increase, and when (SBD) decreases, the growing and 
the yield parameters increases. The best result occurred at the pair of SWC and SBD values of 
(28.52 %, 1.2 g.m3) with 33.07 cm plant height, 1.3 cm leaf width, 51.67 g fresh weight, and 44.33 
g dry weight, followed by other pair of values of SWC and SBD. Through graphs, the analysis 
showed that SWC has a positive effect and SBD has a negative influence on the growth and yield 
of onion except at an appropriate value. 
Keywords: onion parameters; reciprocal; quadratic equations; soil properties 

1. Introduction 

Knowing the soil physical properties such as soil water content (SWC) and soil bulk density 

(SBD), we can know the various physical properties of soil like compaction, soil strength and 

impedance properties, porosity, bearing capacity, field capacity conditions, etc. (Gautam et al., 

2018). Besides, the determining of soil water content and soil bulk density play an important role 

because they are directly related to changes in the chemical and biological properties of the soil 

(Phogat et al., 2015); (Campbell, 1994) and therefore they have a direct influence on plant 

performance (Chakraborty & Mistri, 2017). Even in the soil itself, soil bulk is more often to 

regarded to indicate an indicator of soil health (Shah et al., 2017; Bonfante et al., 2019). 

The relationship between soil water content and soil bulk density is reciprocal (Hillel, 2004). 

It is in line with the finding of Ghosh, (2013) through a laboratory experiment that if the soil is 

wetted further, the extra water replaces some of the solid soil particles, and the dry density reduces 

as there is less material present. The same result also reported by Abidin et al. (2013) who predict 

the soil water content and soil bulk density using laboratory resistivity experiment. 
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However, the effect of the two quantities on plants is also reciprocal (Hillel, 2004); (Nunes 

et al., 2016); (Korenkova and Urik, 2017). The essential of the statement could be concluded that 

each increase in soil bulk density was followed by decreasing in soil water content as indicated by 

decreasing the total porosity and micro-porosity and macro-porosity or increasing in resistance to 

penetration and wise versa. Thus, as a logical consequence, the soil water content will decrease.  

Soil water content at the limits of field capacity conditions has a positive effect on onion 

plants (Anshar et al., 2011); (Fitsum et al., 2016), while soil bulk density above a certain value has 

a negative effect on onion plants (Pedersen et al., 2015); Elfadil & Salih (2017). Anshar et al. 

(2011) reported that the bigger leaf area, fresh bulb weight per clump, and plant growth rate were 

observed at level 100 % field capacity of soil water content. In line with this, Fitsum et al. (2016) 

argued that increasing of water level application could be mainly due to better availability of soil 

water content and sufficient absorbs nutrients which have enhancing effects on the vegetable 

growth of plants by increasing cell division and elongation especially in plants heightening 

process. Otherwise, Pedersen et al. (2015) found that improved crop growth could be achieved if 

soil bulk density increased due to compaction was avoided. Furthermore, there were also clear that 

higher soil bulk caused a lower yield of onion and lower macro-porosity compared to low soil 

(Nawas et al., 2013). Elfadil and Salih (2017) added that soil bulk density level of 1.4 g.m-3 up to 

1.8 g.m-3 the average plant height is decreased because the plant did not absorb enough moisture 

and nutrients from the soil.The objective of the research was (1) to assess the effect of soil water 

content and soil bulk density on the growths and yields of onion (Allium cepa L.) through an 

experiment with applying different water level treatments, and (2) to determine the reciprocal 

relationship between soil water content effect and soil bulk density effect on the growth and yield 

of onion. 

2. Materials and Methods 

2.1. Experimental Setup 

The layout of the experiment was a randomized complete block design with three 

replications. The experiment consisted of one factor, namely, water (A) with four levels, i.e., 

(A0=0 liter, A1=4 liters, A2=8 liters, and A3=16 liters), and one variety of local onion (V). Hence, 

the combination between A and V (AV) is called treatment consisted of A0V, A1V, A2V, and 

A3V. Overall, there were twelve experiment soil plots in the study. The distance between blocks 

was 0.5 m, and the distance between plots was 30 cm. Each plot consisted of 1.5 m long and 1.0 

m width, and it raised was about 20 cm from the soil surface to easier control (FAO, 2020). The 

arrangement of plant from row to rows and from plant to plants was 15 cm and 15 cm.  So, there 

are 48 plants per plot. Fifteen plants among these took randomly for analysis. 
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2.2. Location and time of Research Activity 

It was established an experiment at land in the northern part of the Usuku Sub-district Capital 

of Tomia, Wakatobi Regency, Indonesia (123o56.383’ E; 05o45.606’ S), 108 m above sea level. 

This location is suitable for onion cultivation because it is open, bright, maximum solar radiation, 

and the wind is free to blow (Hanelt, 1990);(Ali, 2017);(Khokhar, 2017). Moderate temperatures 

(24-30o C) and good light intensity are essential to initiate abulbresponse (Nault et al., 2011). 

However, it has heavy soil, many gravels, and pasture. The entire research activity was for three 

months from October to December 2017, where dry season periods were still ongoing. Because of 

the local small farmer only plant in the rainy season, so that production never well-develops 

properly. Table 1 contained the climate elements in the region during the experiment run. 
Table 1 Climate elements in the region 

Year Months Mean temp. 
(o C) Humidity Win speed 

(knot) Rain days Amount of rain fall 
(mm) 

2017 
October 28.9 72 3 11 53.7 

November 28.2 78 2.6 4 185 
December 28.7 79 2.6 9 46.1 

Source: Betoambari Weather station, Bau-bau, Indonesia 

2.3. Materials Used 

The variety used to plant bought from the local market of Tomia. The supporting materials 

such as tarpaulin and water storage were also required to support the study. Tools used to plow 

and loosen the soil like a hoe, a shovel, a hammer, and additional tools such as a knife for cutting 

the neck of seeds, plastic containers, and plastic pockets used for storage. As a fertilizer, were used 

the NPK nutrients and kitchen ash.  

Table 2. Physical, chemical, and biological properties of experimental soil (0-20 cm) before 
treatment 

Soil properties Values Methods 
Sand (%) 
Silt (%) 
Clay (%) 

19.83 
8.60 
71.57 

Pipette Method [1] 

pH 6.58 pH meter Model 130 
N total (%) 0.28 Kjeldahl 
P (ppm) 37 Bray 
K (me.100g-1) 0.31 Bray 
Organic material (%) 1.89 Spectrophotometer 
Organic carbon (%) 27.51 Black 

 

2.4. Soil Sampling and Physicochemical Analysis 

It was collected twelve soil samples from different plots at the soil depth of 0-20 centimeters, 

where roots of onions concentrated (Zheng et al., 2013) in a zigzag pattern across the required 

area. Soil composite samples took using a soil auger, put in plastic pockets and brought to the 

laboratory immediately for analysis. Samples were taken three times, at the beginning growth 

stage, medium, and at bulb formation, and take as a mean value. The physicochemical and 
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biological properties of soil were selected and then analyzed at the laboratory and their results 

showed in Table 2. 

According to criteria by Hardjowigeno (1992) that N tot, P, and K were in the medium 

category while organic matter (OM) was very low, and organic carbon (CO) was high. For soil pH 

6.58, (Nikus and Mulugeta, 2010)stated that it was optimum for onion production. When natural 

nutrients were not enough, need to add the required criteria of NPK application to maximized 

onion production. 

2.5. Land Preparation 

The land preparation is well before planting and must be free from grasses and weeds. With 

a hoe and a hammer, soil plowed and loosened, separated gravel and soil fraction, and make it 

become three blocks with a distance of 50 cm. Raised beds about 20 cm in height from the ground 

and marked twelve plots with 1 m long and 1.5 widths. The distance between plots one and another 

one was 40 cm in one block, respectively.  

2.6. Farming Practices 

Before planting, the field was free from grasses and weeds. One day before planting, the 

experiment site was sprinkled with kitchen ash and watering uniformly. The seeds were sorting 

and selecting to obtain the proper one. To make it easier for the seedlings to grow faster, cut off a 

third of the seedlings and plant them in the morning or late evening. If something did not grow or 

appear, it was immediately replaced by seedlings in a nursery specially prepared for it. In terms of 

there were plants that do not appear immediately replaced them with other plants from the nursery 

specially prepared for that purpose. Watering stops if it was raining until another next drought. 

Due to the drought period, to keep the water in the container always remains available, one 

supplied from the wells using a pickup truck.  Because of the dry season, to avoid crop water 

deficiency, watering applied was scheduled for consecutive days in the morning or late afternoon 

during early growth, growth stages, and bulbs formation. The application of packaged NPK 

fertilizer at a dose of 15:15:15 twice during the experiment run on, at the vegetative growth stages, 

and the tuber filling stage. Watering stops when two weeks before harvest because the onion bulbs 

appear to be ripe. The harvest period occurs when approximately 75% of the plant tips are bent. 

2.7. Observed Parameters 

The onion parameters observed in this study are plant height, leaf width, fresh weight, and 

dry weight. Plant height was estimated from the soil surface to the top of the leaf in centimeters, 

the width of the leaf is measured at the part with the longer diameter length by tearing it in 

centimeters, and the fresh and dry bulb weight was balanced in grams. 
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2.8. Soil Water Content and Soil Bulk Measurement 

Soil samples composed of 20 were collected to analyze the soil available and soil value at 0 

– 20 cm depth from 12 plots. The SWC on a mass basis in plots was analyzed by following the 

standard procedure of the gravimetric method, as (1): 

Θ! = #"#$!%&	()	*($+&	+($,-"#$!%&	()	(.#/	012	+($,
"#$!%&	()	(.#/	012	+($,

$ 𝑥100	%          (1) 

Soil bulk density values are required to convert gravimetric soil water content to volumetric soil 

water content. To calculate the soil bulk density is used relation (2). 

ρ3 =
(.#/	012	"#$!%&	()	+($,	

.(,4*#	()	+($,
= 5!

6"
    (2) 

Soil water content in base volume using equation 3. 

θ6 = θ!	x	ρ3       (3) 

2.9. Data Analysis 

To test the significance of the positive effect of water treatment on the onion parameters 

observed was performed using standard one-way analysis of variance in an Excel worksheet 

environment. Water treatment effect on soil water content and soil bulk density and the reciprocal 

effect of soil water content and soil bulk density on growth and yield parameters of onion was 

analyzed using one-way ANOVA and were considered significant when p<0.05 or p<0.01. When 

the treatment was significant, the least significant difference (LSD) by Dunken’s multiple range 

comparisons was used for mean separation at p=0.05. Another analysis used to find out the 

reciprocal effect more clearly was used graph analysis through the mat-lab plotting program. 

3. Results and Discussion 

3.1. Effect of Water Treatment on SWC and SBD 

The different water levels treatment was had highly significant (p<0.01) affected SWC and 

SBD. Increasing water levels treatment cased the SWC increase, and at the same time, the SBD 

was slightly decreased (Table 3). The role of water treatment, in this case, was to low soil bulk 

density (Hillel, 2004) in an appropriate value where seeds and soil are still in contact (Elfadil & 

Salih, 2017). This phenomenon by Nunes et al. (2016) at the factorial scheme experiment with a 

combination between SBD and soil water tensions found that the behavior of soil water contents 

as a function of the water tension and influenced by SBD. On the other side, the correspondent 

water contents with using the soil water retention curve, according to SBD. The SBD is an 

indicator of soil health (Indoria et al., 2016) since it is related to various soil properties that affected 

crop performance (Haghi et al., 2015). In terms of low hydraulic conductivity, crust formation 

with high mechanical strength and low permeability by forcing and pressure on the aggregates. 
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Table 3. Effect of water level treatment on SWC and SBD 
Treatments SWC (%) SBD(g/cm3) 

A0V 22.84a 1.35a 

A1V 24.90b 1.29b 

A2V 27.15b 1.24b 

A3V 28.52b 1.20b 

CV(%) 6.32 5.94 
Same letters in each column different at 0.05 levels according to LSD test  

3.2. Reciprocal Effect of SWC and SBD on Growth and Yield of Onion 

As seen in Table 3, the SWC and SBD had a highly significant (p<0.01) effect on the plant 

height, leaf width, fresh and dry weight. The reciprocal effects between SWC and SBD on the 

components of growth and yield of onion, as shown in Table 4, describes clearly that SWC and 

SBD affect reciprocally. These results agreed with the state of Hillel (2004), (Phogat et al., 2015), 

and (Korenkova and Urik, 2017). 

3.4. The Growth Components 

The growth components involved in this study were plant height and leaf width (Table 4). 

The highest of plant height (33.07cm) and highest of leaf width (1.30 cm) occurred at a maximum 

value of SWC (28.52 %), and a minimum value of SBD (1.2 g.cm-3) followed by 27.15 % and 1.24 

g.cm-3 of SBD with a plant height (30.70 cm), and leaf width (1.2 cm), 24.90 %, and 1.29 g.cm-3 

with a plant height (25.67 cm), and leaf width (1.2 cm) and 22.84 % and 1.35 g.cm-3 with a plant 

height (22.67 cm) and leaf width (1.09 cm) respectively.  The positive effect of SWC enhancing 

on the growth and yield of onion increasing is in line with obtaining by Fitsum et al. (2016) and 

Tolossa (2021), while the negative effect of SBD increasing agreed with the finding by Elfadil and 

Salih (2017), and (Shah et al., 2012). 

3.5. The Yield Components 

The yield components included in the study were the fresh and the dry bulb weight. The 

weightiest of the onion fresh bulbs onion (51.67 g) and dry bulb weight (44.33 g) occurred at a 

maximum value of SWC (28.52 %) and a minimum value of SBD (1.2 g.cm-3), followed (27.15 

%) and 1.24 g.cm-3 with fresh weight (50.00 g) and dry weight (41.67 g), (24.90 %) and (1.29 

gcm3) with fresh bulbs onion (46.67 g) and dry weight (36.67 g), and (22.84 %) and 1.35 g.cm-3 

with fresh bulbs onion (41.30 g) and dry weight (28.33 g) respectively (Table 4). 
Table 4. Reciprocal effect between SWC and SBD on growth and yield parameters of onion 

SWC 
(%) 

SWCV 

(%) 
SBD 

(g/cm3) 
Plant height 

(cm) 
Leaf width  

(cm) 
Fresh bulb 
weight (g) 

Dry bulb 
weight(g) 

22.84 30.83 1.35 22.67a 1.09a 41.30a 28.33a 

24.90 32.12 1.29 25.67b 1.20b 46.67b 36.67b 

27.15 33.67 1.24 30.70c 1.20b 50.00c 41.67c 

28.52 34.22 1.20 33.07d 1.30c 51.67C 44.33d 

CV (%) 
LSD (0.05) 

- 
- 

- 
- 

6.58 
2.18 

0.011 
0.09 

2.85 
1.97 

3.46 
1.94 

Same letters in each column of onion parameters are notsignificantly different at 0.05 levels according to 
LSD test  
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3.6. The Reciprocal Relationship 

Based on Table 4, further analysis providing the reciprocal relationship more clearly using 

the graph plotting under Mat-lab programming by way of accompanied both curves viz. SWC 

effect and SBD effect on the growth and yield of onion. Overall, Figure 1 describes that when soil 

water gradually increased, the onion parameters observed increase. Likewise, when SBD increase, 

the onion parameters decrease. A quadratics relationship between SWC and SBD and the growth 

and yield of onion agreed with the expected by Yahuza (2011), (Hanafiah, 2014), and (Wibisono, 

2013). The onion growth and yield components increased with soil water content as days after 

transplanting following a growth curve from small height until reaching of the end of establishment 

stage; growing then quickly until reaching its maximum value, after that, if SWC become 

excessive and the yield declines (Wichelns, 2014). Similar with this characteristic have been given 

by (Zhang et al., 1999) that crop water productivity will decline throughout all values of applied 

water. So, this is quadratic in shape. The best onion growth and yield occurred in pairs of values 

for soil water content and bulk density of (28.52 %; 1.2 g.cm-3) followed by pairs of values for 

(27.15 %; 1.24 g.cm-3), (24.90 %; 1.29 g.cm-3) and (22.84 %; 1.35 g.cm-3) respectively.The SBD 

of 1.35g.cm-3 is high risk (Brus and van den Akker, 2018). The positive effect of SWC on growth 

and yield components as described through quadratic equations with an average of correlation 

coefficient 0.92 and determination coefficient of 0.86 (Table 5) like to Manullang et al. (2020) and 

Al-Jamal et al. (2000) description where y is the growth and yield components of onion (cm, g), x 

is the SWC (%).  
Table 5 Effect of SWCand SBD on the growth and yield components 

Effect of SWC on the growth and yield of onion 
Onion parameters Equations R R2 

Plant height y = - 0.068x2 + 4x – 29 0.89 0.79 
Leaf width y = - 0.008x2 + 46x -5.3 0.98 0.97 
Fresh weight y = - 0.21x2 + 12x – 1.3e+02 0.90 0.81 
Dry weight y = - 0.17x2+10x-1.1e+02 0.91 0.83 

Effect of SBD on growth and yield of onion 
Plant height y = -87x2 + 2e+02x – 88 0.86 0.74 
Leaf width y = - 11x2 + 25x – 14 0.98 0.97 
Fresh weight y = - 2.5e+02x2 + 5.8x – 2.9e+02 0.86 0.74 
Dry weight y = - 2.2e+02x2+0.2x-2.6e+02 0.98 0.98 

 

Inversely, the negative effect of SBD on growth and yield components as explained by the 

quadratic equations with an average of correlation 0.97 and determination coefficient of 0.94 

(Table 5) also as to Manullang et al. (2020) and Al-Jamal et al. (2000) description where y is the 

growth and yield components of onion (cm, g) and x is the SBD (g.cm-3). 

Sato et al. (2015) use the concept of soil penetration resistance (PR), found that the 

relationship between soil water content and soil bulk is non-linear in soybean plants. The model 
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parameters explained > 80 % of the variability of PR as a function of SWC and SBD. Regardless 

of the soil texture, they verify a negative relation between PR and the SWC and the positive 

association to the SBD. They concluded that, variation of SBD related to SWC in all soil types.  

 

 

 

 
Figure 1. The positive effect of SWC and the negative effect SBD on the growth and yield of onion 

3.7. Correlation Between Soil Water Content and Soil Bulk Density 

Table 3 above showed that the volume of treated water tended to be higher than the soil 

water content and tended slightly decrease soil bulk. Or in other words, the water treatment has 
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directly affected the addition of soil water content in soil and affect the soil bulk density becomes 

lower with a correlation coefficient of 0.99 (Figure 2). So, the correlation between SWC and SBD 

has a negative correlation, as stated by Hillel (2004) and (Korenkova and Urik, 2017).Previous 

researches by Kormanek et al. (2015) and Sato et al. (2015) confirmed that decreasing tendency 

for root system length with an increase in the level of SBD by the slope of trends line of regression 

equation in forest tree and soybean plant with correlation coefficient in both cases appear to be 

significance level. 

 
Figure 2. Correlation between SWC and SBD 

4. Conclusion 

This paper emphasizes that water treatment effectively influenced soil water content and soil 

bulk density reciprocally. The effect of soil water on the growth and yield of onion was an 

advantage, while the influence of soil bulk was a disadvantage.  But if the combinations of both 

soil water and soil bulk are at the appropriate values, then soil particles and onion seeds are in 

good contact with another one has been provided increasing yield. The highest onion yield 

represented by plant height, leaf width, fresh and dry weight occurred at treatment A3V at 

condition SBD is lowest of (33.07 cm), (1.3 cm), (51.67 g), and (44.33 g), followed other treatment 

with water treatment is lower but SBD is higher. Eight quadratic equations describing the effect 

of soil water content and soil bulk density on growth and yield of onion had a high average 

coefficient of determination R2 = 0.93. These indicate that the relationship between soil water 

content and soil bulk density and growth and yield of onion can be explained through the equations. 

Also, the correlation between SWC and SBD showed that they reciprocal proportional inversely 

with a coefficient correlation of 0.99. 
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