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Abstract: The serious problems of sandy soils for crop development are low water-holding capacity,
nutrient retention, and low content of all nutrients. The objective of the study was to increase the
nutrient content of sandy soil and evaluate nutrient types that mostly affect the high shallot yield
with reasonable economic values. The field experiment was conducted on the upland sandy loam soil.
Six treatments consisting of complete nutrients, N-, P-, K-, Mg- and S-omission tests were arranged
in a randomly completed block design with four replicates. The observed parameters included
soil physicochemical properties, tissue nutrient content, growth, yield, and input-output of shallot
cultivation. The results showed that N, P, K, Mg and S application successfully increased shallot bulb,
achieving 11.43 t ha−1 on sandy soil. The order of shallot tissue content was K > N > P~Mg > S, where
the S, P, N, and Mg are limiting factors, as revealed by significantly lower relative yield (varying from
79 to 88%). The highest weight loss during storage occurred for S-omission treatment (40 to 60%),
indicating insufficient S tissue is the most responsible for the quality of shallot. The complete nutrient
treatment gave the highest income (7446.09 USD ha−1) with a revenue cost ratio of 2.41 compared to
other treatments. The tolerance limit for price reductions that do not cause losses was 58.59%.

Keywords: nutrient management; shallots; yield; sandy loam

1. Introduction

Shallots (Allium cepa L.) are valuable spices for both flavoring dishes and medicinal
plants [1]. Shallots play a crucial role in the human body since they contain high vitamin B6
(pyridoxine), and antioxidants and may improve blood sugar levels, circulation, seasonal
allergies, and heart and bone health; they also contain phosphorus, potassium, magnesium,
manganese, iron and copper which are required by the human body [2].

Shallots are cultivated in many tropical countries due to their ability to propagate
vegetative, short growth cycle, tolerance to disease and drought stresses, longer storage
life, and distinct flavor that persists after cooking [3–6]. Shallots are widely cultivated
in various climatic conditions such as hot climates and open fields or cold climates and
moderate rainfall [7,8] and suitable soil types are sandy loam [9].
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It was estimated that Indonesia’s shallots production reached 2 million tons in 2021, an
in- crease of 10.42% from 2020 (1.82 million tons), with a harvested area of 18.07 thousand
ha [10]. However, the yield of shallots remains low at 8.5–10.23 t ha−1 [11], which is much
lower than the world average of 19.32 t ha−1 [12–14]. The low productivity of shallots
in Indonesia is related to inefficient cultivation techniques, high production costs, and
excessive/uneconomical use of soil macronutrients [15,16] and soil variability properties.
Adequate plant nutrition strategies involving chemical and organic fertilizers, or their com-
binations are critical for increasing the yield of shallot [17,18]. Soil nutrient management has
an important role in shallot cultivation, especially on suboptimal land [19,20]. Therefore, an
integrated approach is needed in the management of soil nutrients, including the application
of organic and inorganic fertilizers and the use of high-yielding varieties [21–24].

The soils in Gedangsari, Gunungkidul, Yogyakarta are dominated by sandy soils,
shallow depth, low productivity and are located on sloping relief with very prone to
erosion. On the other hand, farmers rely their livelihoods on these unfertile soils. The
challenge is to manage soil fertility and find suitable crops with high economic values to
provide alternative crops as a source of profitable income and, at the same time, preserve
the soils from degradation to promote sustainable production and protect the ecosystem.
Shallots require fertile soil, containing sufficient macronutrients such as nitrogen (N),
phosphorus (P), potassium (K), magnesium (Mg), and Sulfur (S); these nutrients can be
supplied from urea, SP 36 (Super Phosphate, 36% P2O5), KCl (Potassium Chloride), Mg
and ZA (Ammonium Sulphate) fertilizers. However, the suitable rate of N, P, K, Mg, and S
either applied singly, or their combinations for shallots has not been elucidated on sandy
soils under field conditions, especially in dry lands. Therefore, the objective of the study
was to increase soil nutrient contents and evaluate nutrient types that mostly affect the
high shallot yield with reasonable economic values in a sustainable manner.

2. Materials and Methods
2.1. Description of the Study Area

The field research was carried out on upland with sandy loam soil texture (64% sand)
in Tegalrejo Village, Gedangsari, Gunungkidul, Yogyakarta (7◦48′30′′ S, 110◦37′13′′ E) with
an elevation of 351.5 m above sea level (asl) in the dry season in 2021. The average annual
temperature is 22 ◦C, with the highest value being 32 ◦C. The soil was developed from
sandstone parent material on undulating to rolling slopes (15–25%) [25]. The existing land
conservation technique has been implemented using bench terraces. Soil type is Lithic
Troporthents, sandy loam, mixed, not acid, isohyperthermic [26,27]. For watering crops, the
water is obtained from deep wells using pipes to the research site. The soil analysis before
the field experiment is given in Table 1. The Gedangsari has an average annual rainfall
of 1995.31 mm. The wet season (monthly rainfall > 100 mm) occurred from November to
March. The moist season (100 mm < monthly rainfall > 60 mm) occurred in April, while
the rest 6 months were a dry season (monthly rainfall < 60 mm).

Table 1. Chemical and physical characteristics of the soil before the study in Tegalrejo, Gedangsari,
Gunungkidul.

Parameter Result Criteria

Texture
- Sand (%) 64 Sandy loam
- Silt (%) 20 -
- Clay (%) 16 -

pH H2O (1:25) 7.2 Neutral
pH KCl (1 = 2.5) 6.2 Slightly acid
Organic C (mg kg−1) 0.58 Very low
S (%) 0.05 Very low
Nisbah C/N 9 -
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Table 1. Cont.

Parameter Result Criteria

Total N (%) 0.11 Low
Total C (%) 1.28 Very low
Exchangeable Ca (cmol kg−1) 4.57 Low
Exchangeable Mg (cmol kg−1) 10.57 Low
Exchangeable K (cmol kg−1) 0.08 Very low
Exchangeable Na (cmol kg−1) 0.15 Low
CEC (cmol kg−1) 8.33 Low
Base saturation (%) 185 Very High
Extract HCl 25%:

- P2O5 (mg/100 g) 6 Very low
- K (mg/100 g) 26 Medium

Olsen/Bray:
- P2O5 (mg kg−1) 12 Low
- K2O (mg kg−1) 28 Medium

CEC = Cation exchange capacity.

2.2. Shallots Variety

The “Tajuk” cultivar of shallots was selected owing to the production of its high bulbs
12–16 t ha−1, with harvest times ranging from 52 to 59 days, and the number of tillers is
between 6 and 12/cluster (hill). The shape of the bulb is round, with the widest diameter
near the root tip, and the color of the bulb is pink (Pink RHS 64D). The Tajuk cultivar is
well adapted to the dry season, is resistant to rain, and has a very strong aroma [28].

2.3. Experimental Treatments and Design

The study used a randomized complete block design with six fertilization manage-
ment treatments and four replicates. The treatments are listed in Table 2. The use of the
nutrient omission approach to evaluate soil fertility and crop response has been successfully
implemented on Alfisol in India [29]

Table 2. Treatments of complete nutrient and one nutrient omission test of shallots fertilization in
sandy soils.

Treatment
Fertilizer Dosage (kg ha−1)

N P K Mg S

Complete
nutrient 46 54 90 3.6 52.5

N—omitted - 54 90 3.6 52.5
P—omitted 46 - 90 3.6 52.5
K—omitted 46 54 - 3.6 52,5
Mg—omitted 46 54 90 - 52.5
S—omitted 46 54 90 3.6 -

2.4. Experimental Procedure and Field Managements

The shallot seeds were selected from bulbs that had been dormant for 4 months. The
field works included minimum tillage, levelling and construction of raised bed a week
before planting. Seedlings from bulbs were cut at 1/3 end with a sterile knife carefully,
then sorted and planted in experimental plots using single row plantings. Organic manure
of three t ha−1 was applied evenly in the raised bed and N, P, K, Mg and S were given at
a dose of 2/3 part before planting and 1/3 part was applied 35 days after planting. The
plot size was 4 m × 5 m and divided into raised bed size 1 × 4 m2, and shallot spacing
was 20 × 20 cm within the raised bed rows. The distance between raised beds was 40 cm,
and the distance between plots was 60 cm. Each raised bed was covered using black
silver plastic mulch which had been perforated according to the planting spacing [30].
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Shallots were maintained until harvest (60–70 DAP, days after planting). Plant maintenance,
including pest control, weeding, and cultivation, was performed when required.

2.5. Soil Sampling and Analysis

Soil analysis was carried out before and after the field experiment. The surface
soil samples before planting were randomly selected from the experimental field at a
depth of 0–30 cm. In addition, the collected soil samples were mixed thoroughly, and a
representative of 1 kg was taken as a composite for soil analysis. Soil and plant tissue
analyses followed the Manual for soil analysis by the Indonesian Soil Research Institute [31].

2.6. Data Collection

Agronomic parameters included plant height, number of leaves, number of tillers,
number of bulbs, the weight of fresh Stover bulbs, the weight of dry bulbs/hill, and nutrient
plant tissue analysis. Growth and yield components data were observed from 5 hills which
were chosen diagonally for each block. The yield data for each plot (kg plot−1) was then
converted to t ha−1. The data of bulbs’ weight loss were observed three times (2, 4 and
6 months after harvesting). Nutrient plant tissue analysis was observed from leaves of the
harvested plant at 30 and 45 days after panting (DAP).

2.7. Data Analysis

Data were analyzed using the SAS program version 9.1, SAS Institute Inc., Cary, NC,
USA. Statistical testing of the obtained data at a 5% level of significance was performed us-
ing analysis of variance (F-test). If the test results showed a significant effect, a comparison
test between treatments was performed using a Duncan multiple range test (DMRT). In
addition to the agronomic observation data, an analysis of the absolute growth rate (AGR)
and crop growth rate (CGR) was also carried out following Gul et al. [32].

LPM =
W2 −W1

t2 − t1

LPM 30–45 dap = absolute average growth rate
W2 = dry weight of harvested plants at 45 days after planting (DAP)
W1 = dry weight of harvested plants at 30 days after planting (DAP)
t2 − t1 = observation time interval

LPT =
1

Ga
× (W2 −W1)

(t2 − t1)

LPT30–45 dap = average plant growth rate
Ga = land area
W2 = dry weight of harvested plants at 45 days after planting (DAP)
W1 = dry weight of harvested plants at 30 days after planting (DAP)
t2 − t1 = observation time interval

The relative yield percentage was designed to determine nutrient limiting factors for
growth and was calculated using the formula of Safuan [33].

Relative yield =
Treatment
Optimum

× 100%

If the relative yield percentage is >100%, then the nutrient is not a limiting factor, on
the other hand, if the relative yield percentage is <100%, then the nutrient is a limiting
factor [33]. Economic feasibility analysis of farming was carried out using the Revenue
Cost (RC) ratio and the break-even point. The input-output data observed consisted of
the quantity and price of production inputs, as well as the quantity and price of shallots
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produced. Farmers’ income from shallots farming is calculated by the formula used by
Ahmed et al. [34] as follows:

Net Income = Gross Income − Total Cost

In addition, the RC ratio was calculated using the formula used by Pratiwi et al. [35],
Muhammad et al. [36] and Fatah et al. [37].

Revenue/Cost = Gross Income/Total cost

The break-even point is the point at which revenue equals total cost or profit is zero.
There are 2 break-even points, the production break-even point (BEP-Y) and the price
break-even point (BEP-P). The break-even point of production is the minimum production
yield that must be achieved to avoid loss. The price break-even point is the price of output
required to cover all costs at a certain level of output [38]. The break-even point is given by
the following formula:

BEP-Y = total cost/quantity produced

BEP-P = Total cost/Output price

3. Results
3.1. Soil Property Changes and Nutrient Content of Tissue

The results of soil analysis after the field experiment showed there were no signifi-
cant changes in soil fertility compared to initial soil properties before treatment (Table 3),
meaning that most of the nutrients provided had been utilized or absorbed by plants, and
probably some were lost due to leaching. Nutrient absorbed by plants was revealed by
robust crop growth and the significant increase in shallot bulbs.

Table 3. Results of soil analysis after field experiment in Tegalrejo, Gunungkidul.

Parameter Complete
Nutrient N-Omitted P-Omitted K-Omitted Mg-Omitted S-Omitted

Clay (%) 16.00 16.20 16.40 16.10 15.90 16.00
Silt (%) 20.00 19.80 19.50 19.60 19.90 19.00
Sand (%) 64.00 64.00 64.10 64.30 64.20 65.00
pH H2O (1 = 2.5) 6.80 6.20 6.40 6.80 7.10 6.90
C-organic (mg kg−1) 0.29 0.39 0.26 0.19 0.18 0.29
N total (%) 0.12 0.11 0.12 0.62 0.15 0.11
P2O5 (Olsen) (mg kg−1) 25 16 17 17 17 19
K2O (HCl 25%) mg/100 g 36 30 29 29 29 36
Mg (cmol (+) kg−1) 5.20 5.10 5.10 6.10 5.10 4.00
S (%) 0.07 0.14 0.16 0.12 0.09 0.03

Tissue analysis showed the N, P, K, Mg and S content varied from 1.4 to 2.3%,
0.07–0.25%, 1.16–2.14%, 0.15–0.20% and 0.03–0.14%, respectively (Table 4). Mean values
showed the order nutrient content from high to low were K > N > P~Mg > S. One omission
nutrient test showed a significant difference compared to complete nutrient treatments.
The N plant tissue was significantly higher in N-omission but was significantly lower in
S-omission compared to the complete nutrient treatment. In addition, N tissue content was
significantly higher for the P- and Mg-omission than for the complete nutrient treatment.
For P plant tissues, the significantly highest content occurred in the complete nutrient
treatment compared to all one omission treatments. Next, the content of K plant tissue of
complete nutrient treatment was not significantly different from the P- and Mg-omission
treatments, but K was significantly higher than either N-, K- or S-omission. The Mg plant
tissues of all treatments were not significantly different, except for S-omission showed
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significantly higher Mg content than the complete treatment. The S tissue content was the
highest in the N-omission, while in other treatments was not significantly different. The
results of observations of the content of macronutrients in the plant tissue provide informa-
tion that if one essential nutrient is not adequately available, this may be responsible for
the decrease in crop yield.

Table 4. Macronutrient content of shallot tissue at harvesting time.

Treatment
N P K Mg S

%

Complete nutrient 1.63 d 0.25 a 2.14 a 0.15 b 0.07 b

N-omitted 1.72 c 0.16 b 1.77 b 0.17 ab 0.14 a

P-omitted 2.26 a 0.17 b 2.09 a 0.16 b 0.06 b

K-omitted 1.68 cd 0.17 b 1.69 bc 0.18 ab 0.06 b

Mg-omitted 1.85 b 0.07 c 2.16 a 0.17 ab 0.03 b

S-omitted 1.39 e 0.16 b 1.60 c 0.20 a 0.08 b

CV (%) 2.28 15.25 3.26 10.09 29.72

Response Mean 1.76 0.16 1.91 0.17 0.07

Numbers followed by the same letter in the same column were not significantly different from the HSD test at the
5% level; CV = Coefficient of Variation.

3.2. Growth and Yield of Shallot

The comparison of the effect of N-, P-, K-, Mg- and S-omitted treatments on plant
height, leaf number, and tiller number at all ages did not significantly different, except
for plant heights at 45 and 60 DAP (Figure 1a–c); this indicated that the absence of either
N, P, K, Mg or S did not decrease shallot vegetative growth (plant height, leaf number,
and tiller number).
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Figure 1. The effect of complete and omission of one nutrient treatment on shallot growth at 15, 30,
45 and 60 days: (a) Plant height, (b) Leave number, and (c) Tiller number.

Furthermore, the crop growth rate (CGR) indicated the ability of plants to convert
net assimilation yields into biological products (above ground crops) and economic yields
(bulbs) per unit of time. The absolute growth rate (AGR) showed an increase in plant
mass per unit of time (Figure 2). CGR and AGR with complete nutrient treatment were
significantly greater than the growth rate of plants with incomplete treatment (one nutrient
omission), except for Mg-omission, suggesting that without the addition of Mg, the absolute
growth rate was similar to the plant growth rate for a complete nutrient treatment (Figure 2).
However, the bulb yield showed that GCR and AGR were not always directly proportional
to bulb production; it was seen from the yield of bulb production (Figure 2) of Mg-omitted
treatment that had significantly lower bulb yields than the complete nutrient treatment. On
the other hand, in the treatment without K, although the GCR and AGR were significantly
lower than the complete nutrient treatment, the yield of shallot bulbs was comparable to
the yield of bulbs with complete nutrient treatment; these results showed that the N-, P-,
Mg- and S-omitted treatments resulted in a decrease in nutrient uptake capacity compared
to K-omission treatment; this was probably due to an imbalance of nutrient availability in
the soil for shallot requirements.
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Figure 2. The effect of complete and one omission nutrient treatments on absolute growth rate (AGR),
crop growth rate (CGR), yield (dry bulb weight) and the number of bulbs.

The dry weight of the bulbs with complete nutrient treatment was not significantly
different from the K-omission (Figure 2). However, the dry weight of bulbs without N,
P, Mg and S was significantly lower than a complete nutrient (Figure 2); this observation
suggested that without K the dry weight of bulbs was not reduced, while without either N,
P, Mg, or S could decrease the dry weight of bulbs.

Overall, this study showed that the absence of either N, P, K, Mg, or S source had
no significant effect on vegetative crop growth rate but had a significant effect on shallot
bulbs; this indicated that the vegetative shallot growth (plant height, number of leaves and
number of tillers) was not significantly decreased if the completed nutrient is not applied,
but when entering the generative phase of bulb formation and development, the complete
nutrient should be applied. Therefore, complete nutrients should be used when growing
shallots in upland sandy loam soils.

3.3. Identification of Shallot Growth and Yield Limiting Factors

To determine the nutrient type as the limiting factor for the shallot growth and pro-
duction (shallot bulbs) and its consequence on potential yield reduction, the calculation of
the relative yield percentage of several growth parameters (plant height, number of leaves,
number of tillers, and yield parameters) was made using the total dry weight of the shallot
(bulb and stem) (Figure 3).

Given the complete nutrient treatment as the reference of maximal yield (100%, red bar
on top of Figure 3), the relative yield of one omission nutrient treatment was determined
by the ratio of a given treatment to the complete treatment and expressed in %. The relative
yields of growth and yields without nutrients of either N, P, K, Mg or S decreased in
different magnitudes, indicating that the absence of any one nutrient (in fertilizer source)
resulted in the decrease in the yield of shallot bulbs (Figure 3). The lowest values of the
relative yield of bulb number, and bulb and leaf dry weight were shown by P- and S-
omission treatments, namely 79% each, indicating that P and S were deficient in sandy
loam soils, but they had a high contribution to the increase in bulb shallots. On the other
hand, the highest relative yield of bulb number and bulb and leaf dry weight was shown
by K-omission (92%) followed by Mg-omission treatment (88%), indicating K was sufficient
while Mg was insufficient. For N-omission treatment, the relative yield of bulb number, and
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bulb and leaf dry weight was 82% each, which was lower compared to K- and Mg-omission
treatments but higher than P- and S-omission treatments.

Sustainability 2022, 14, x FOR PEER REVIEW 9 of 16 
 

 

Figure 3. Percentage of the relative yield of shallot growth attributed to one omission nutrient treat-

ment. 

Given the complete nutrient treatment as the reference of maximal yield (100%, red 

bar on top of Figure 3), the relative yield of one omission nutrient treatment was deter-

mined by the ratio of a given treatment to the complete treatment and expressed in %. The 

relative yields of growth and yields without nutrients of either N, P, K, Mg or S decreased 

in different magnitudes, indicating that the absence of any one nutrient (in fertilizer 

source) resulted in the decrease in the yield of shallot bulbs (Figure 3). The lowest values 

of the relative yield of bulb number, and bulb and leaf dry weight were shown by P- and 

S- omission treatments, namely 79% each, indicating that P and S were deficient in sandy 

loam soils, but they had a high contribution to the increase in bulb shallots. On the other 

hand, the highest relative yield of bulb number and bulb and leaf dry weight was shown 

by K-omission (92%) followed by Mg-omission treatment (88%), indicating K was suffi-

cient while Mg was insufficient. For N-omission treatment, the relative yield of bulb num-

ber, and bulb and leaf dry weight was 82% each, which was lower compared to K- and 

Mg-omission treatments but higher than P- and S-omission treatments. 

Evaluation of nutrient status based on their effect on the relative yield of shallots is 

given in Table 5. The complete nutrient treatment is used as a reference yield of 100%. The 

average relative yields of shallot varied from 81 to 92%, with the lowest value for S- and 

P-omission and the highest values for K-omission. Therefore, S, P, N, and Mg were limit-

ing factors, while K was not a limiting factor. Without either S, P, N, and Mg, a potential 

decrease in yield may reach 19.1, 18.1, 15.6, and 10.9%, respectively. The corresponding 

value for K was 7.9%.  

  

0

10

20

30

40

50

60

70

80

90

100

110

Bulb number Leaves number Plant height Bulb and leaves

dry weight

R
el

at
iv

e 
y

ie
ld

 (
%

)

N-omitted P-omitted K-omitted

Mg-omitted S-omitted Complete nutrient

Figure 3. Percentage of the relative yield of shallot growth attributed to one omission nutrient
treatment.

Evaluation of nutrient status based on their effect on the relative yield of shallots is
given in Table 5. The complete nutrient treatment is used as a reference yield of 100%. The
average relative yields of shallot varied from 81 to 92%, with the lowest value for S- and
P-omission and the highest values for K-omission. Therefore, S, P, N, and Mg were limiting
factors, while K was not a limiting factor. Without either S, P, N, and Mg, a potential
decrease in yield may reach 19.1, 18.1, 15.6, and 10.9%, respectively. The corresponding
value for K was 7.9%.

Table 5. Evaluation of nutrient status based on their effect on reducing the relative yield of shallots.

Treatment
Relative Yield (%) Yield Reduction

Potential (%)Average Growth Dry Weight of Bulbs and Stoves Average

Complete nutrient 100 100 100 0
N-omitted 86.9 81.99 84.44 15.6
P-omitted 84.67 79.11 81.89 18.1
K-omitted 92.42 91.69 92.06 7.9

Mg-omitted 90.32 87.81 89.07 10.9
S-omitted 82.63 79.11 80.87 19.1

Status for limiting factor criteria: ≥10% = critical yield reduction by Hochmuth et al. [39].

3.4. Shallots Bulb Quality

The weight loss during storage is a quality indicator of freshness, and the greater the
weight loss, the lower the freshness of the product [40]. Under normal conditions, farmers
dried shallots in an open space with a room temperature of 26–29 ◦C and humidity at
70–80%. In this study, the storage was carried out for six months, and weight loss during
storage was observed every two months (Figure 4). The complete nutrient treatment (N, P,
K, Mg, S) showed the lowest weight loss for any given period of storage (varying from 20



Sustainability 2022, 14, 11862 10 of 15

to 50%), while the highest weight loss occurred for S-omission treatment varying from 40
to 60% during two to six-month storage. Other treatments of nutrient omission showed
relatively similar weight loss during storage. Insufficient S content in plant tissue is the
most responsible factor for the reduction of shallot quality.
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Figure 4. The effect of storage time and one omission nutrient on weight loss of shallot bulb.

3.5. Economic Assessment of Shallots Farming

An economic feasibility analysis was based on the prices and costs in the Indonesian
region; it was revealed by income, RC ratio and BEP-P (Table 6). The cost of shallot farming
in sandy loam soils varied among labors of each treatment, ranging from 5186.66 to 5262.47
USD ha−1, with the lowest farming costs in the treatment without Mg and the highest
farming costs in complete fertilization. The highest farming cost component was the cost of
seeds, followed by labor, land rent and equipment depreciation, fertilizer, plastic mulch
and pesticide.

Table 6. Analysis of economic feasibility of shallots farming.

No Description
Treatments

Complete Nutrient N-Omitted P-Omitted K-Omitted Mg-Omitted S-Omitted

1. Cost (USD ha−1)
(a + b + c + d + e + f)

5262.47 5250.34 5224.06 5186.66 5256.06 5224.06

a. Seed 2122.64 2122.64 2122.64 2122.64 2122.64 2122.64

b. Fertilizer 508.09 495.96 469.68 432.28 501.68 469.68

c. Pesticide 165.09 165.09 165.09 165.09 165.09 165.09

d. Plastic Mulch 252.7 252.7 252.7 252.7 252.7 252.7

e. Labor cost 1526.28 1526.28 1526.28 1526.28 1526.28 1526.28

f. Others (land lease etc.) 687.67 687.67 687.67 687.67 687.67 687.67

2. Production (kg ha−1) 11,430 9440 8930 10,750 8300 9430

3. Price (USD kg−1) 1.11 1.11 1.11 1.11 1.11 1.11

4. Revenue (USD ha−1) 12,708.56 10,495.96 9928.91 11,952.49 9228.44 10,484.84

5. Income (USD ha−1) 7446.09 5245.62 4704.85 6765.84 3972.37 5260.78

6. R/C Ratio 2.41 2 1.9 2.3 1.76 2.01

7. BEP-P (USD ha−1) 0.46 0.56 0.59 0.48 0.63 0.55

Source: Primary data analysis; Note: 1 USD = 14.480 IDR (exchange rate average in June 2022).

The income of shallot farming in dry sandy loam soil varied between treatments,
which ranged from 3972.37 USD ha−1 to 7446.09 USD ha−1, with the lowest income in the
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treatment without Mg and the highest in the complete nutrient application. The R/C ratio
in all treatments was >1, with the lowest R/C ratio in the treatment without Mg (1.80) and
the highest in the complete nutrient treatment (2.41). For BEP-P values varied between
41.40% and 55.42% of the price, with the lowest BEP-P in the complete nutrient treatment
(0.46 USD kg−1), and the highest in the Mg-omission treatment (0.63 USD kg−1). Based on
these criteria, all treatments were economically feasible because the income was positive,
the R/C ratio >1 and the BEP-P was smaller than the actual price.

4. Discussion
4.1. Environmental Conditions

The main constraint of shallot development in sandy loam soil is the low status of
all nutrients, water-holding capacity, and nutrient retention. Therefore, the management
strategy should overcome nutrient deficiency, increase water holding capacity, and reduce
water loss to allow optimum growth of shallot. In this study, organic manure, plastic mulch,
deep well irrigation and complete nutrient have been applied to allow optimum growth of
shallot on sandy soil. Organic manure of three t ha−1 as the base treatment of the study
was given to increase soil organic matter, cation exchange capacity, and nutrient and water
holding capacity. Further, the use of plastic mulch was designed to reduce soil evaporation,
maintain soil moisture regime, and reduce soil erosion, which in turn is effective and
successful in promoting shallot growth and yield. Irrigation obtained from deep-well using
pipes has also been applied to overcome water shortages during a dry season.

Organic fertilizers have a significant effect on pH, organic C, total K, N and P of the
soils [41]. Sandy loam soil properties showed the available P was low (6–12 ppm) while
total K was moderate (26 mg 100 g−1) (Table 1), suggesting the fertilizers containing P2O5
and K2O are needed to support shallot growth and production. The low soil organic C, N
and cation (Tables 1 and 3) should be corrected to generate favorable conditions for shallot
growth. According to Gunawan et al. [42] the application of organic matter can increase
the C-organic content of the soil.

Soil properties after the study such as pH, C-organic, and total N content did not
change, indicating shallot have used the nutrient released from organic manure and that
treatment at least maintained the soil properties (not decrease after harvesting). Inorganic
fertilization (N, P, K, Mg and S) effectively provides nutrient for shallot and replenish
absorbed nutrient by crops. In this study, those fertilizer applications accompanied by
three t ha−1 organic manure provide high and sustainable yields and provide economic
efficiency while maintaining the balance of nutrients in the soil [43].

4.2. Performance Shallot Growth and Productivity

Treatment with a nutrient omission provides good information to determine which
nutrient is a limiting factor and its effect on plant growth. According to Kumar et al. [29]
“if any element is omitted while other elements are applied at suitable rates and plants
grow weakly, then the tested element is a limiting factor for crop growth”. The N and P
application optimized the height, tiller and fresh-dry bulbs weight of shallot [44]. The
nutrient balance in soil plays an important role in the synthesis of carbohydrates and
protein to promote the increase in shallot bulbs [45]. Mawardiana et al. [46] reported
that the application of fertilizers containing S and Mg improved the quality and quantity
of shallots.

Sutardi and Purwaningsih [43] reported that to produce 10–15 t ha−1 of shallot, the
required fertilizer is 100 kg ha −1 Urea, 250 kg ha−1 ZA, and 150 kg ha−1 SP-36. Shallot
plants required a continuous supply of N, P, K, S and Mg for vegetative growth, bulb growth
and bulb quality. Lack of N, P, K, S and Mg causes shallot plants susceptible to disease
and low bulb production [47,48]. N, P, K, S and Mg have several functions in the shallot
production system, namely increasing resistance to pests and diseases, photosynthetic
processes, osmotic regulation, enzyme activity, stimulation, and transport of assimilating,
protein synthesis, ion homeostasis, stability between monovalent cations and divalent
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in the transport of water through the movement of stomata, helps plant turgor, stress
tolerance, and stimulation of enzymes [49,50].

The result of the study on sandy soil with 150 kg KCl ha−1 showed a high relative
yield (120%), and the production of shallot bulbs reached 12.75–13.6 t ha−1 [51]; this result
is lower than the result reported by Rahayu, et al. [52] in Central Sulawesi that showed the
application of 700–900 kg ha−1 NPK fertilizer (NPK 16:16:16) produced bulb shallots up to
16.3 t ha−1 which is much high than the shallot bulb in the present study (11. 43 t ha−1);
this difference is owing to the good soil properties (non-sandy soils) in the study of Rahayu
et al. compared to sandy soil in the present study.

The low S in sandy soil is responsible for the low quality of shallot in this study
(Figure 4). Sulfur plays an important role in plant metabolism, which is related to several
parameters that control the quality of crop yields. The sharp aroma of shallots was deter-
mined by the sulfur availability in the soil [51]. Furthermore, Mg plays an important role
in the process of perfect leaf formation and the formation of carbohydrates, fats, and oils.
In addition, magnesium also plays an important role in phosphate transport in plants so
the phosphate content in plants can be increased by adding Mg. The application of Mg can
increase nutrient uptake, sugar synthesis, and starch translocation due to the importance of
Mg in phosphate transport [53].

4.3. Growth Limiting Factors and Yield of Shallot

The nutrient limiting factor is assessed using relative yields expressed in %. P and S
became the main limiting factors of shallot in dry sandy loam soils because the insufficient
P and S may decrease bulb production by 18.1 and 19.1%, respectively (Figure 3) from the
yield obtained from the complete nutrient application. In the study area, P and S are not
applied by all farmers in shallot cultivation, although these nutrients potentially increased
shallot bulb production. In addition, bulb production of Mg-, and N- omission also reduces
the yield of shallot to 10.9 and 15.6%, respectively.

The results of this study offer an opportunity for the development of shallot farming
in dry land with sandy loam soils, since shallot cultivation in Indonesia is carried out
mostly in irrigated paddy fields associated with better soil properties. Soils with a high
sand fraction are considered to have problems of low fertility. However, results from this
study showed that the application of complete macronutrient nutrients (N, P, K, Mg, S) is
successfully overcome the problems of sandy loam soil for the shallot establishment.

4.4. Shallots Bulb Quality

The weight loss of shallot during storage depends on the storage period and chemical
composition of the bulb. The smallest weight loss (20–50% depending on the length of
time storage) was revealed by complete nutrient (N, P, K, Mg and S) fertilization, while the
highest weight loss (41–60%) was revealed by yield with no S fertilization; this indicates
that the low S content of bulb shallot is responsible for the low bulb quality (high weight
loss during storage). According to Sudomo [54] the weight loss of bulbs was about 5–30%
during storage. The longer shelf life (2–3 months) bulb shallot depends on moisture content,
texture (firmness) and amount of dissolved solids.

4.5. Economic Assessment of Shallot Farming

The cost of shallot farming in this study is greater than the cost of shallot farming on
clay-dominant soils in several locations of 1352.99–4480.25 USD ha−1 [55,56] owing to the
high input of shallot production to overcome the limiting factors of sandy soils. Shallot
farm income in the present study varied from 9228.44 to 12,708.56 USD ha−1, in which
the complete fertilizer application gave the highest income, followed by K-, N-, S-, P-, and
Mg-omission. The difference in income among treatments was related to the productivity
of shallots on sandy loam soils varying between 8300 kg ha−1 and 11,430 kg ha−1.

The income obtained from shallot farming with the use of complete nutrients in a
period of three months is 7446.09 USD ha−1, or 2482.03 USD per month ha−1. On the
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other hand, the regional minimum wage in the study area is USD 128.03 per month per
person [57], so the income from shallot farming is 19.39 times higher than the regional
minimum wage.

The tolerant limits for a price reduction that did not cause losses were 58.59% in the
complete nutrient treatment, 56.61% in the treatment K-omitted, 50.18% in the treatment
S-omitted, 49.98% in the treatment N-omitted, 47.39% in the treatment P-omitted, and
43.04% in the treatment Mg-omitted. If there is a decrease in price, complete fertilization
treatment is the most stable compared to other treatments. In general, findings from this
study provide promising economic benefits for farmers due to the optimal use of terracing
land in the dry season. The land is only cultivated for two seasons a year, while in the
dry season is fallow. The presence of a deep well allows intensive planting of shallots,
resulting in an audition income of 7446.09 USD ha−1. From the environmental aspect,
shallot cultivation on dry sandy loam soil with a slope of 15–25% should attempt to reduce
land degradation by reducing erosion and greenhouse gas emissions to promote sustainable
agriculture and protect the environment.

5. Conclusions

The complete N, P, K, Mg and S fertilizer application on sandy loam soil successfully
increased shallot bulb production, achieving 11.43 t ha−1. Shallot tissue content of N, P,
K, Mg and S varied from 1.4 to 2.3, 0.07 to 0.25, 1.16 to 2.14, 0.15 to 0.20 and 0.03 to 0.14%,
respectively. The order of nutrient content from high to low is K > N > P~Mg > S. The S,
P, N, and Mg are limiting factors as revealed by significantly lower relative yield varying
from 79 to 88%.

Insufficient P and S resulted in a decrease in shallot bulbs of 18 and 19%, respectively.
The highest weight loss during storage occurred for S-omission treatment (40 to 60%),
indicating insufficient S content in tissue is responsible for the low shallot quality. The
complete N, P, K, Mg and S fertilizer application gave the highest income of 7446.09 USD
ha−1 with a revenue cost ratio of 2.41 and the tolerance limit for the price reduction without
causing losses is 58.59%. The decreased income was 1161.59 USD ha−1 for N-omission,
1347.74 USD ha−1 for P-omission, 588.24 USD ha−1 for K-omission, 811.62 USD ha−1 for
M-omission, and 1442.20 USD ha−1 for S-omission.
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