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ABSTRACT. Shallot (Allium cepa L.) is one of Indonesia's horticultural crops and represents as superior
commodity. However, shallots are highly susceptible to drought and require sufficient water for growth.
Biofertilizers contain various microbes that provide nutrients and increase the resistance of shallots to
drought stress. This study aimed to determine the effect of biofertilizers on the growth rate, nitrate reductase
activity, and productivity of shallot plants under drought stress. The research was conducted using a
Factorial Completely Randomized Design with two factors. The first factor was the doses of biofertilizer
with 0, 10, 15, and 20 L ha!. The second factor was the drought stress with treatments of 25, 50, 75, and
100% field capacity. Parameters measured included plant height rate, leaf number rate, number of tillers,
tuber wet weight, tuber dry weight, and nitrate reductase activity. Data were analyzed by ANOVA using
SPSS followed Duncan’s Multiple Range Test (DMRT) at 5% significance level. The results showed that
biofertilizer application did no significantly different on the growth rate, but significantly affected the
number of tillers, tuber weight, and nitrate reductase activity of shallots under drought stress. The optimum
dose of 10 L ha™ biofertilizer increased the number of tillers (9.33). The optimum dose of 20 L ha’!
biofertilizer increased the growth rate, tuber wet weight (4.46 g), tuber dry weight (0.63 g), and nitrate
reductase activity (1.11 pmol NOy g'! leaf wet weight h!' of incubation). It is concluded that biofertilizer
application, particularly at 10-20 L ha!, can improve shallot performance under drought stress and is
recommended as a drought mitigation strategy in shallot cultivation.
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INTRODUCTION

Shallot (Allium cepa L.) is one of the horticultural plants in the Liliaceae family that is widely
used as a seasoning (Wiyatiningsih et al., 2021; Alami et al., 2023). This plant has a relatively high
nutritional content, containing sugar, carbohydrates, water, protein, vitamins, fiber, potassium,
vitamin C, vitamin B6, and minerals (Deepthi ef al., 2021; Chakraborty et al., 2022). This high
nutrient content increases shallot production from year to year. However, this plant is highly
susceptible to drought stress because it has shallow roots, so water absorption through the roots is
limited (Polakitan et al., 2022; Rahmawati & Yasvi, 2024). Drought is an abiotic stress that causes
the decline in shallot production so that adequate water availability is needed for its growth.

Drought can affect plant morphology, inhibit photosynthesis, and reduce shallot plant yield
(Gedam et al., 2021; Sansan et al., 2024). Many studies prove drought stress affects plants' molecular
physiology, morphology, and biochemistry (Bijalwan ef al., 2022; Sansan et al., 2024). Research by
Forotaghe et al. (2021) showed that water deficit significantly reduced shallot growth, yield, and
affected shallot plants physiological and biochemical properties. Research by Ghodke ef al. (2018)
demonstrated that water deficit stress significantly reduces shallot yield. Drought also affected nitrate
reductase activity, a key enzyme that catalyzes the reduction of nitrate to nitrite in nitrogen
assimilation (Pagalla & Jannah, 2023). Nitrate reductase activity shows positive correlation with plant
productivity, water insufficiency leads to decreased productivity and consequently reduced enzyme
activity (Putra et al., 2020). Furthermore, limited water availability inhibits nitrogen transport, which
further exacerbates the decline in nitrate reductase activity (Siswanti & Agustin, 2014). Similar
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findings by Gloser et al. (2020) revealed suppressed nitrate reductase activity in water-deficient
leaves and roots of Pisum sativum, Vicia faba, and Nicotiana tabacum plants.

Biofertilizer is one way to increase shallot production and plant resistance to drought stress
(Siswanti & Rachmawati, 2011; Anli ef al., 2020; Ammar et al., 2023). Research by Siswanti &
Rachmawati (2011) showed that adding biofertilizer to IR-64 rice plants with drought stress treatment
can reduce plant stress. This biofertilizer is made from cow urine and contains various
microorganisms such as Streptomyces sp., Azotobacter sp., Bacillus sp., Saccharomyces sp.,
Lactobacillus sp., Azospirillum sp., Pseudomonas sp., Rhizobium sp., and IAA hormone-producing
bacteria that can support plant growth (Siswanti, 2015). These microorganisms colonize the
rhizosphere and the inside of the plant, increasing nutrient availability and improving plant fertility
(Jain, 2019; Tamiru, 2023). Demir et al. (2023) reported that adding biofertilizer positively affected
growth parameters, yield, quality, and concentration in broccoli and lettuce plants. Research by Palupi
& Siswanti (2023) also showed that biofertilizers can increase the growth of Brassica juncea L.
Siswanti et al. (2022) also reported that the use of biofertilizers can affect the growth and productivity
of Lurik peanut (Arachis hypogaea L. var. Lurikensis).

Biofertilizer is an effective strategy to support crop fertility, which is cost-effective and
environmentally friendly compared to chemical fertilizers (Daniel et al., 2022; Ammar et al., 2023).
The application of biofertilizers is likely to contribute to a sustainable agricultural economy and
improve global food security. However, there had been no study exploring the formulation of cow
urine-based biofertilizer specifically for shallots, especially under drought stress conditions. Previous
studies on cow urine-based biofertilizers were still limited to major food crops such as rice (Siswanti
& Rachmawati, 2011; Siswanti & Rachmawati, 2013) and broad-leaf horticultural crops such as
spinach and chili (Siswanti & Lestari, 2019; Khairunnisa & Siswanti, 2021; Siswanti & Umah, 2021),
but did not cover the physiological response of shallots. In fact, shallots were sensitive to water
deficits, while the interaction between cow urine biofertilizers and their drought tolerance
mechanisms had not been revealed. Therefore, this study aimed to investigate the effect of
biofertilizer application on the growth rate, productivity, and nitrate reductase activity of shallot
plants under drought stress. Application of biofertilizers has the potential to serve as an effective
agronomic strategy for enhancing shallot tolerance to drought stress through the optimization of
growth, yield, and plant physiological mechanisms.

MATERIALS AND METHODS

Plant material and experimental design. The research was conducted in Sawitsari greenhouse,
Faculty of Biology for shallot planting and Biochemistry Laboratory, Faculty of Biology, Universitas
Gadjah Mada, Yogyakarta, from October 2023 to January 2024. Shallot seeds (Tajuk variety) were
planted in polybags measuring 20 x 20 cm, with two seeds per polybag. The planting medium used
was a mixture of paddy soil and manure in a ratio of 1:1. The research was conducted using a Factorial
Completely Randomized Design with two factors, the first factor was the doses of biofertilizer (0, 10,
15, and 20 L ha™') and the second factor was the drought stress (25%, 50%, 75%, and 100% of field
capacity), so that 16 treatment combinations were obtained. Each treatment was conducted in three
replications. Parameters measured in this study were plant height rate, leaf number rate, nitrate
reductase activity, number of tillers, and tuber biomass.

Biofertilizer and drought treatment. The biofertilizer used was a formula found by Siswanti
(2015) with a mixture of cow or goat urine and microbial starter with a ratio of 49:1. The microbial
starter consists of bacteria, such as Bacillus sp., Lactobacillus sp., Saccharomyces sp., Streptomyces
sp., Azospirillum sp., Pseudomonas sp., Azotobacter sp., Rhizobium sp., and IA A hormone-producing
bacteria. Biofertilizer was applied every ten days, starting seven days after planting (DAP) by
watering it into the growing medium at the following doses: control, 10, 15, and 20 L ha™'. All
applications were applied before drought stress induction to avoid compromising the experimental
stress conditions. Drought stress treatments were imposed by regulating irrigation to 25%, 50%, 75%,



Vol 12(2), December 2024 Biogenesis: Jurnal Ilmiah Biologi 30

and 100% of field capacity. Drought stress is given after 7 DAP until harvest. The drought stress level
was determined by measuring the field water capacity. The soil was watered until saturated, allowing
excess water to drain out of the polybag. The drained water was collected and observed until no more
droplets fell (indicating that field capacity was reached). The absorbed water volume was calculated
using the formula V1 — V2, where V1 was the initial watering volume and V2 was the volume of
drained water. The result of this calculation showed the water volume required to achieve 100% field
capacity. This result was then used as a reference to determine watering volumes for 25%, 50%, and
75% field capacity (Devy & Nawfetrias, 2012).

Growth rate and productivity measurements. The growth rate was measured every ten days
after two weeks of treatment, with five observations taken until harvest. Plant height was measured
using a ruler, while the number of leaves was counted manually. The plant productivity is calculated
as the number of tillers, wet weight, and dry weight of tubers. The number of tillers was determined
by counting the total number of tillers growing around the shallot plants. The number of tillers was
counted every ten days after 7 DAP. The wet weight and dry weight of tubers were measured after
harvest by weighing using an analytical scale.

Nitrate reductase activity measurements. Nitrate reductase activity (NRA) was measured by
picking the third leaf of shallot plants between 09.00-10.00 as an observation sample, with three
repetitions for each treatment. The leaves were finely sliced, taken as much as 200 mg, then put into
a buffer solution of Na;HPO4.2H>0 and NaH;P0O4.2H,0 at pH 7.5 with a volume of 5 mL each in a
dark tube and closed, then soaked for 24 hours. After that, the buffer solution was discarded and
replaced with a new buffer solution of 5 mL, then 0.1 mL of 5 M NaNO3 was added to each tube and
incubated for two hours. The filtrate of 0.1 mL was taken and put into a test tube filled with 0.2 mL
of 1% sulfanilamide reagent dissolved in 3 N HCI and 0.2 mL of 0.02% napthylethylendiamide
solution. Aquadest was then added to as much as 2.5 mL. The solution was then measured for
absorbance using a spectrophotometer at 540 nm (Ende et al., 2022). The formula for calculating
nitrate reductase activity is as follows (Affifah & Siswanti, 2022):

5 mL 1000 mL 60 minutes

Nitrate Reductase Activity (NRA) = NO,- 1) x X X
itrate Reductase Activity ( ) 2- (umol) 0.1 mL 200 mg incubation time (minutes)

Data analysis. Data were analyzed using SPSS ver. 26 with ANOVA. If there was a significant
effect, it was continued with the Duncan Multiple Range Test (DMRT) at the 95% confidence level
(0 =0.05%).

RESULTS AND DISCUSSION

Plant Growth Rate. The growth rate in this study was described by the increase in plant height
and number of leaves measured every ten days. The rate of plant height and number of leaves with
various doses of biofertilizer and drought stress are presented in Fig. 1 and Fig. 2. Based on Fig. 1
and Fig. 2, the growth pattern of plant height and number of leaves of shallot plants at the age of 7 to
47 days after planting (DAP) follows a bell-shaped curve. This is characterized by the plant growth
rate, which initially slows down, then increases and over time decreases until senescence. In this
study, the growth rate of plant height and leaf number was expressed as an increase in the height and
number of leaves per unit time. A decline in growth rate only indicated that the increase in the height
or number of leaves per unit time became smaller, not an actual reduction in height or the number of
leaves already formed. At the beginning of vegetative growth, biofertilizer application had not been
able to increase the plant growth rate significantly (Table 1). According to Siswanti & Rachmawati
(2011), at the beginning of growth, biofertilizer does not directly provide nutrients for plant growth
because microbes in biofertilizer need sufficient time to break down organic matter in the soil into
nutrients available for shallots. The biofertilizer application produced a rapid plant growth rate at 17
DAP when plant growth reached its maximum point. Biofertilizer contains various types of
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microorganisms that provide N, P, and K elements as well as phytohormones to increase the growth
rate of shallot plants (Allouzi et al., 2022; Chaudhary et al., 2022; Kumar et al., 2022). Nutrients,
especially nitrogen (N), play a role in spurring plant growth, especially in the vegetative phase
(Leghari et al., 2016; Sabur et al., 2021).
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Fig. 1. Plant height rate (cm 10 d™') of shallot plants in biofertilizer treatments under drought stress: a. Control (no stress);
b. 75% field capacity; c. 50% field capacity; d. 25% field capacity. DAP: Days After Planting

Meanwhile, during the generative phase, there was no significant increase in the variation of
biofertilizer dosage (Table 1). Siswanti et al. (2019) stated that plants that have entered the generative
phase optimize nutrients from biofertilizers for forming reproductive organs, so these nutrients are
not fully utilized for plant vegetative growth. In general, the biofertilizer treatment dose of 20 L ha'!
tends to increase the plant growth rate optimally, both the height and number of leaves of shallot
plants under drought stress in the vegetative phase. This result is based on research by Siswanti &
Umah (2021), where the biofertilizer dose of 20 L ha™! increased the plant height and the number of
leaves of Amaranthus tricolor L. The same results were shown in the research of Palupi & Siswanti
(2023), which examined the plant height and number of leaves of Brassica juncea L., showed the
highest results after biofertilizer application in hydroponic systems under salinity stress conditions.
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Meanwhile, the drought stress treatment reduced the plant growth rate, which was indicated by the
growth rate at 25% field capacity (Fig. 1d & 2d) lower than the 100% (Fig. 1a & 2a), 75% (Fig. 1b
& 2b), and 50% (Fig. lc & 2c¢) field capacity treatments. Low water content will reduce turgor
pressure, which causes the process of cell elongation and enlargement to be disrupted, ultimately
resulting in a decreased growth rate (Manurung et al., 2019; Wach & Skowron, 2022).
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Fig. 2. Leaf number rate (strands 10 d') of shallot plants in biofertilizer treatments under drought stress: a. Control (no
stress); b. 75% field capacity; c. 50% field capacity; d. 25% field capacity. DAP: Days After Planting

Table 1. Mean plant height rate and leaf number rate of shallot (4. cepa L.) with various doses of biofertilizer under
drought stress

Treatment Plant Height Rate (cm 10 d™') Leaf Number Rate (strands 10 d)

. . DAP DAP
Biofertilizer (B) 17 27 37 47 17 27 37 47
0 L ha'! 13.19° 5.83% 2.36° 0.61* 3.922 1.332 0.92% 0.75*
10 L ha'! 14.08? 6.12% 1.52° 0.63* 4.00° 1.58° 1.08* 0.17%
15 L ha'! 13.582 7.08° 2.122 1.08* 3.92¢ 2.08* 1.25% 0.58*

20 L ha'! 15.02? 6.75% 1.73% 0.80% 4.42¢ 2.08% 1.33% 1.08?
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Field Capacity (FC)

100% 14.29° 5.77* 1.42% 0.58° 4.332 2.33% 1.50? 0.83%
75% 14.68* 6.46° 1.98* 1.24* 3.922 1.67* 1.252 0.58?
50% 13.80° 5.91# 2.16° 0.79% 4.75* 1.58* 1.17* 0.67*
25% 13.09° 7.64* 2.17° 0.51° 3.25° 1.50° 0.67* 0.50*
Interaction (B x FC) ns ns ns * ns ns ns ns

Notes: Mean values followed by different letters within a column are significantly different between treatments (DMRT test: p<0.05). (ns: not
significant, (*): significant at p<0.05)

Number of tillers. The number of tillers of shallot plants with biofertilizer treatment and drought
stress was presented in Table 2.

Table 2. Number of tillers of shallot (4. cepa L.) with various doses of biofertilizer under drought stress for 67 DAP

Field Biofertilizer (L ha'') A

Capacity (%) 0 10 15 20 verage
100 7.33 + 1.53%de 8.67 + 1.53% 9.00 + 1.73¢ 8.33 + 1.53%e 8.33 + 1.50Y
75 6.33 £ 0.58bed 7.67 £ 0.58% 8.33 + 1.15%ke 8.33 +£0.58% 7.67+1.07Y
50 433 +1.53® 9.33 + 1.53¢ 8.00 + 1.00%% 9.00 £ 1.00¢ 7.67 £2.35Y
25 7.33 £ 1.53¢de 7.00 £ 1.73¢de 6.00 £ 0.00% 3.67+1.15° 6.00 = 1.86*
Average 6.33 +1.72° 8.17 +1.53° 7.83 +£1.53P 7.33 £ 2.43°

Notes: Mean values followed by different letters within a column or row are significantly different between treatments (DMRT test: p<0.05)

Based on the results of ANOVA analysis, biofertilizer dose treatment showed a significant effect
(p<0.05) on the number of shallot tillers under drought stress (Table 2). The results showed that the
biofertilizer treatment produced more tillers than the treatment without biofertilizer application
(control). The highest number of tillers was showed by biofertilizer treatment with a dose of 10 L ha
' at 50% drought stress. Biofertilizers contain various microbes that can decompose organic
compounds into nutrients that plants can absorb. Nitrogen in biofertilizers can increase the vegetative
formation of plants, such as the number of tillers. If the vegetative growth of plants is good, the
number of tillers will also increase (Marlina et al., 2018). In general, the higher the dose of
biofertilizer, the lower the number of tillers, with a dose of 10 L ha™! producing the highest number
of tillers. However, this dose resulted in a number of tillers that were not significantly different from
the doses of 15 and 20 L ha!. This showed that even lower doses can increase the number of tillers
similar to the doses of 15 and 20 L ha!. Doses that are too high contain more microbes, so there is
competition between microbes in the rhizosphere area, which causes less nutrient uptake by plants
(Siswanti et al., 2018; Riesty & Siswanti, 2021). Previous research by Siswanti & Rachmawati (2013)
also showed that three varieties of rice plants produced the optimal tiller growth at a biofertilizer dose
of 10 L ha™,

Based on Table 2, drought stress reduced the number of tillers, whereas the 25% field capacity
treatment produced fewer tillers and significantly differed from the other treatments. The higher the
drought stress, the lower the number of tillers. Tiller number was significantly influenced by the
interaction between biofertilizer and drought stress. Biofertilizer effectiveness was highly dependent
on soil water availability. Under severe drought stress (25% field capacity), tiller numbers decreased
across all biofertilizer dose treatments compared to the control. In contrast, under moderate drought
and non-stress conditions (50-100% field capacity), no significant differences in tiller numbers were
observed between biofertilizer treatments. Notably, the 10 L ha™! treatment at 50% field capacity did
not show significant improvement over the control (without stress). These results demonstrate that
biofertilizers can effectively increase tiller production even at 50% drought stress. For efficient
irrigation under drought conditions, we recommend maintaining 50% field capacity water supply
combined with biofertilizer application. Drought stress disrupts the microbial activity of biofertilizers
in absorbing water so that the nutrients obtained by plants are less for the photosynthesis process.
This impacts the amount of photosynthate that will be translocated to plant organs, which is also low,
so the number of tillers formed is small (Istiqgomah et al., 2016; Singh et al., 2018).
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Tuber biomass. The tuber biomass measured in this study was the wet and dry weight of tubers.
The results of the measurement of tuber biomass in the treatment of various doses of biofertilizer
under drought stress were presented in Table 3.

Table 3. Tuber wet weight and dry weight of shallot (4. cepa L.) with various doses of biofertilizer under drought stress

) Field Biofertilizer (L ha™)
Variable Capacity (%) 0 10 15 20 Average
Tuber wet 100 2.55+034% 434+0297 251 +042%%€ 297+0.63% 309+ 0.86
woight 75 2.57+0.82%4 3,60+ 1.15F  2.77+0.19%%  2.90 +0.78%%  2.96 + 0.80
50 1.63£0.97®  327+028% 286+0.51% 4.46+0.74"  3.05+1.20
(gram) 25 2054 0.62% 1304025  236+0.17% 28740409 .17+ 0.65%
Average 220+£0.74° 315125  2.63+037°  3.30 £0.90°
Tuber dry 100 0.28 +0.03%¢ (059 +0.05°  0.37+0.14% 038+0.094 .41 +0.14Y
- 75 0.29+£0.07  0.41+0.11%  0.36+0.02¢% 0.38+0.14%° (.36 = 0.09”
welg 50 021+0.11%  044+0.03  031+0.07°% 0.63+0.07  0.40+0.18
(gram) 25 0.25+0.02%  0.17+£0.02°  0.36+0.04% 031 +0.04< (.27 +0.08
Average 026+0.06° 0.40=0.179 0.35+0.07°  0.43 £ 0.15

Notes: Mean values followed by different letters within a column or row are significantly different between treatments (DMRT test: p<0.05)

Based on Table 3, it is known that the application of biofertilizer showed a significant effect on
the wet weight and dry weight of tubers according to the DMRT test (a=0.05). Biofertilizer treatment
produced a higher wet and dry weight of tubers than those without biofertilizer (0 L ha™!). The highest
wet weight (4.46 g) and dry weight (0.63 g) of tubers were in the treatment of a biofertilizer dose of
20 L ha™! at 50% drought stress. Biofertilizer contains nutrients needed for the photosynthesis process.
The phosphorus element in biofertilizers plays an essential role in tuber formation (Fernandes et al.,
2014; Gitari et al., 2018; Aarakit et al., 2021). In addition, phosphate-solubilizing bacteria such as
Pseudomonas sp. and Bacillus sp. in biofertilizers also play a role in dissolving phosphate so that
plants can absorb it and support the formation and enlargement of tubers (Siagian et al., 2019;
Mayadunna et al., 2023). Previous research by Saharuddin ef al. (2018) showed that tubers' wet and
dry weight in three varieties of shallot plants increased after biofertilizer application compared to
without biofertilizer. Research by Khairunnisa & Siswanti (2021) also reported that biofertilizers
could increase the productivity of Amaranthus tricolor L. plants under salinity stress.

Wet and dry weight of tubers tended to increase with increasing biofertilizer doses, with a dose
of 20 L ha™! showing the highest results (Table 3). However, these results showed no significant
difference with the 10 L ha™ dose treatment. This means that the dose of 10 L ha! alone can increase
the wet weight and dry weight of tubers. The 20 L ha™! dose treatment produced the highest tuber
weight because the microbes in the 10 and 15 L ha™! doses contained fewer nutrients than the 20 L
ha™! dose, resulting in less photosynthate for tuber formation. Table 3 also shows that drought stress
reduced tuber biomass. Tubers' wet and dry weights at 25% field capacity showed the lowest results
and significantly differed from other treatments. Meanwhile, the field capacity of 50, 75, and 100%
were not significantly different on the wet weight and dry weight of tubers. These results indicated
that drought stress reduced tubers' wet and dry weight only at 75% drought stress (25% field capacity).
The 10 L ha™! treatment at 50% field capacity increased tuber wet weight by 1.64 g and dry weight
by 0.23 g, indicating improved drought resistance. The availability of sufficient water supports
microbial activity and metabolism to provide nutrients and support the photosynthesis process
optimally. Drought stress inhibits photosynthesis, thus reducing tuber weight (Hafizh et al., 2021;
Zaki & Radwan, 2022).

Nitrate reductase activity. The measurement results of nitrate reductase activity of shallot plants
treated with various doses of biofertilizer under drought stress are presented in Table 4.
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Table 4. Nitrate reductase activity (umol NO,/gram leaf wet weight/hour of incubation) of shallot (4. cepa L.) with
various doses of biofertilizer under drought stress

Field Biofertilizer (L ha!) A

Capacity (%) 0 10 15 20 verage
100 0.78 +0.03% 0.80 = 0.00° 0.84 + 0.05" 1.08 £+ 0.024 0.88 +0.13Y
75 0.80 = 0.02° 0.86 +0.01% 0.95 + 0.05¢ 0.93 £+ 0.09¢ 0.88 + 0.08Y
50 1.09 + 0.14¢ 0.93 +£0.03¢ 1.09 + 0.10¢ 1.11 £ 0.08¢ 1.05+1.117
25 0.85 = 0.05% 0.61 = 0.05? 0.83 +0.07% 0.94 +0.01¢ 0.81 +0.14%
Average 0.88 +£0.14° 0.80 £ 0.13° 0.93 £0.129 1.02 + 0.10"

Notes: Mean values followed by different letters within a column or row are significantly different between treatments (DMRT test: p<0.05)

The results of the ANOVA analysis showed that the biofertilizer dose treatment significantly
affected the nitrate reductase activity (NRA) of shallots under drought stress (Table 4). Biofertilizer
treatment increased NRA compared to the treatment without biofertilizer, where all biofertilizer dose
treatments showed significantly different results. The biofertilizer dose treatment of 20 L ha! with
50% field capacity produced the highest nitrate reductase activity (1.11 pmol NOy™ g!' leaf wet
weight/hour of incubation). The higher the biofertilizer dose, the higher the nitrate reductase activity
with a dose of 20 L ha™! showing the highest results. Nitrate reductase is an enzyme that plays a role
in catalyzing the reduction of nitrate to nitrite (Fu ez al., 2018; Pagalla & Jannah, 2023). This enzyme
reduces nitrate to nitrite and requires several components, including nitrate concentration
(Kishorekumar et al., 2020). Biofertilizer contains nitrogen-fixing bacteria that can help provide
nitrate (Sapalina et al., 2022). Nitrate is a substrate for the enzyme nitrate reductase to reduce nitrate
to nitrite. Biofertilizer fertilization can increase the activity of nitrate reductase. Nitrogen levels
increase as nitrate reductase activity increases (Chen & Huang, 2019). Biofertilizer dose of 20 L ha™!
produced the highest NRA because it contains more microbes that provide nutrients, especially
nitrogen. Low biofertilizer doses contain fewer microbes, so microbial activity is lower in providing
nutrients (Nunilahwati et al., 2022). Previous research by Affifah & Siswanti (2022) reported that a
biofertilizer dose of 20 L ha™! could increase NRA under salinity stress. Research by Soliman &
Hamza (2016) also reported that biofertilizers could increase NRA in soybean plants.

However, the biofertilizer dose of 10 L ha! produced lower nitrate reductase activity than the
treatment without biofertilizer (control). The result is possible because the control treatment, although
not fertilized, still contains manure and paddy soil containing macro and microelements that increase
nitrate reductase activity. Meanwhile, the 10 L ha™! dose treatment also had the same paddy soil
condition as the control. Thus, the 10 L ha™! dose treatment contains more microbes from adding
biofertilizer, so there is competition between existing microbes in the media and those newly given
(Siswanti et al., 2018). This causes the nitrate reductase activity produced in the 10 L ha™! dose
treatment to be lower. Nitrate reductase activity positively correlates with plant productivity (Putra et
al., 2020; Mapegau et al., 2023). This can be shown in the biofertilizer treatment, which has a higher
tuber biomass than the treatment without biofertilizer (Table 3). High nitrate reductase activity will
produce high tuber biomass as well.

Nitrate reductase activity is influenced by water availability (Sun et al., 2015; Putra et al., 2020;
Ende et al., 2022). Drought stress reduces nitrate reductase activity (Table 4). The 25% field capacity
treatment with biofertilizer fertilization produced the lowest NRA and significantly differed from the
other treatments. The 75 and 100% field capacity treatments (control) produced an NRA that was not
significantly different (Table 4). These results indicate that at 25% drought stress (75% field
capacity), biofertilizer maintained nitrate reductase activity similar to the control (without drought
stress). Drought stress can reduce nitrate reductase activity related to photosynthesis (Putra et al.,
2020; Ende et al., 2022). Reducing nitrate to nitrite requires electrons from NADH or NADPH, which
results from the bright reaction of photosynthesis (Putra et al., 2020; Prado, 2021). In addition, low
water availability inhibits nitrogen transport, which has an impact on reducing nitrate reductase
activity (Siswanti & Agustin, 2014).
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CONCLUSION

The application of biofertilizers did not significantly affect the growth rate, but significantly
influenced both productivity and nitrate reductase activity in drought stressed shallot plants. The
application of biofertilizer at a dose of 10 L ha™! is the most optimum dose to increase the number of
tillers, while the dose of 20 L ha™! is the most optimum to increase the growth rate, tuber wet weight,
tuber dry weight, and nitrate reductase activity of shallot plants.

ACKNOWLEDGEMENTS

The authors would like to thank the Faculty of Biology and Sawitsari Research Station,
Universitas Gadjah Mada, for providing facilities for this research. The authors would also like to
thank the Biofertilizer Team for their cooperation during the research.

REFERENCES

Aarakit P, Ouma JP, Lelei JJ. 2021. Growth, yield and phosphorus use efficiency of potato varieties propagated from
apical rooted cuttings under variable phosphorus rates. Afiican Journal of Plant Science. vol 15(7): 173—184. doi:
https://doi.org/10.5897/AJPS2020.2113.

Affifah HF, Siswanti DU. 2022. Growth response, chlorophyll content, and nitrate reductase activity of mustard greens
(Brassica rapa L.) to salinity stress post application of biofertilizer in hydroponic system. Biogenesis: Jurnal Ilmiah
Biologi. vol 10(2): 155-167. doi: https://doi.org/10.24252/bio.v10i2.29505.

Alami EN, Murtini ES, Yuwono SS. 2023. The effect of varieties and type soaking solutions on the quality of powdered
shallots. Jurnal Teknologi Pertanian. vol 2023: 17-28.

Allouzi MMA, Allouzi SMA, Keng ZX, Supramaniam CV, Singh A, Chong S. Liquid biofertilizers as a sustainable
solution for agriculture. Heliyon. vol 8(12): 1-13. doi: https://doi.org/10.1016/j.heliyon.2022.e12609.

Ammar EE, Rady HA, Khattab AM, Amer MH, Mohamed SA, Elodamy NI, Al-Farga A, Aioub AAA. A comprehensive
overview of eco-friendly bio-fertilizers extracted from living organisms. Environmental Science and Pollution
Research.vol 30(53): 113119-113137. doi: https://doi.org/10.1007/s11356-023-30260-x.

Anli M, Baslam M, Tahiri A, Raklami A, Symanczik S, Boutasknit A, Ait-El-Mokhtar M, Ben-Laouane R, Toubali S,
Ait Rahou Y, Ait Chitt M, Oufdou K, Mitsui T, Hafidi M and Meddich A. 2020. Biofertilizers as strategies to
improve photosynthetic apparatus, growth, and drought stress tolerance in the date palm. Frontiers in Plant Science.
vol 11: 1-21. doi: https://doi.org/10.3389/fpls.2020.516818.

Bijalwan P, Sharma M, Kaushik P. 2022. Review of the effects of drought stress on plants: a systematic approach.
Preprints. vol 1(1): 1-21. doi: https://doi.org/10.20944/preprints202202.0014.v1.

Chakraborty AJ, Uddin TM, Zidan BMRM, Mitra S, Das R, Nainu F, Dhama K, Roy A, Hossain MJ, Khusro A, Emran
TB. 2022. Allium cepa: A treasure of bioactive phytochemicals with prospective health benefits. Evidence-Based
Complementary and Alternative Medicine. vol 2022: 1-27. doi: https://doi.org/10.1155/2022/4586318.

Chaudhary P, Singh S, Chaudhary A, Sharma A, Kumar G. 2022. Overview of biofertilizers in crop production and stress
management for sustainable agriculture. Frontiers in Plant Science. vol 13(930340): 1-21. doi:
https://doi.org/10.3389/fpls.2022.930340.

Chen H, Huang L. 2020. Effect of nitrogen fertilizer application rate on nitrate reductase activity in maize. Applied
Ecology & Environmental Research. vol 18(2): 2879-2894. doi: http://dx.doi.org/10.15666/acer/1802 28792894.

Daniel Al, Fadaka AO, Gokul A, Bakare OO, Aina O, Fisher S, Burt AF, Mavumengwana V, Keyster M, Klein A. 2022.
Biofertilizer: the future of food security and food safety. Microorganisms. vol 10(6): 1-16. doi:
https://doi.org/10.3390/microorganisms10061220.

Deepthi B, Lakshmi JN, Naveen R. 2021. Review on phytochemicals and pharmacological studies of Allium cepa (onion).
International Journal of Pharmaceutical Sciences Review and Research. vol 68(1): 85-91. doi:
http://dx.doi.org/10.47583/ijpsrr.2021.v68101.015.

Demir H, Sénmez I, Ugan U, Akgiin IH. 2023. Biofertilizers improve the plant growth, yield, and mineral concentration
of lettuce and broccoli. Agronomy. vol 13(8): 1-12. doi: https://doi.org/10.3390/agronomy 1308203 1.

Devy L, Nawfetrias W. 2012. Pertumbuhan, kuantitas, dan kualitas rimpang jahe (Zingiber officinale Roscoe) pada
cekaman kekeringan di bawah naungan. Jurnal Sains dan Teknologi Indonesia. vol 14(3): 216-220. doi:
https://doi.org/10.29122/jsti.v14i3.929.

Ende S, Salawati S, Kadekoh I, Fathurrahman F, Darman S, Lukman L. 2022. Aktivitas nitrat reduktase (ANR) tanaman
jagung pada pola tumpangsari yang diberi serasah jagung-kedelai serta biochar di Lahan Suboptimal Sidondo
Sulawesi Tengah. Jurnal Ilmu Pertanian Indonesia. vol 27(4): 528-535. doi: https://doi.org/10.18343/jipi.27.4.544.

Fernandes, A. M., Soratto, R. P., Moreno, L. de A., & Evangelista, R. M. (2015). Effect of phosphorus nutrition on quality
of fresh tuber of potato cultivars. Bragantia. vol 74(1): 102—109. doi: https://doi.org/10.1590/1678-4499.0330.


https://doi.org/10.5897/AJPS2020.2113
https://doi.org/10.24252/bio.v10i2.29505
https://doi.org/10.1016/j.heliyon.2022.e12609
https://doi.org/10.1007/s11356-023-30260-x
https://doi.org/10.3389/fpls.2020.516818
https://doi.org/10.20944/preprints202202.0014.v1
https://doi.org/10.1155/2022/4586318
https://doi.org/10.3389/fpls.2022.930340
http://dx.doi.org/10.15666/aeer/1802_28792894
https://doi.org/10.3390/microorganisms10061220
http://dx.doi.org/10.47583/ijpsrr.2021.v68i01.015
https://doi.org/10.3390/agronomy13082031
https://doi.org/10.29122/jsti.v14i3.929
https://doi.org/10.18343/jipi.27.4.544
https://doi.org/10.1590/1678-4499.0330

Mardiana & Siswanti Biogenesis: Jurnal Ilmiah Biologi 37

Forotaghe ZA, Souri MK, Jahromi MG, Torkashvand AM. 2021. Physiological and biochemical responses of onion plants
to deficit irrigation and humic acid application. Open Agriculture. vol 6(1): 728-737. doi:
https://doi.org/10.1515/0pag-2021-0050.

Fu YF, Zhang ZW, Yuan S. 2018. Putative connections between nitrate reductase S-Nitrosylation and NO synthesis under
pathogen attacks and abiotic stresses. Frontiers in Plant Science. vol 9(474): 1-6. doi:
https://doi.org/10.3389/fpls.2018.00474.

Gedam PA, Tangasamy A, Shirsat DV, Ghosh S, Bhagat KP, Sogam OA, Gupta AJ, Mahajan V, Soumia PS, Salunkhe
VN, Khade YP, Gawande SJ, Hanjagi PS, Ramakrishnan RS, Singh M. 2021. Screening of onion (Allium cepa L.)
genotypes for drought tolerance using physiological and yield based indices through multivariate analysis. Frontiers
in Plant Science. vol 12: 1-16. doi: https://doi.org/10.3389/fpls.2021.600371.

Ghodke PH, Andhale PS, Gijare UM, Thangasamy A, Khade YP, Mahajan V, Singh M. 2018. Physiological and
biochemical responses in onion crop to drought stress. International Journal of Current Microbiology and Applied
Sciences. vol 7(1): 2054-2062. doi: https://doi.org/10.20546/ijcmas.2018.701.247.

Gitari HI, Karanja NN, Gachene CK, Kamau S, Sharma K, Schulte-Geldermann E. 2018. Nitrogen and phosphorous
uptake by potato (Solanum tuberosum L.) and their use efficiency under potato-legume intercropping systems. Field
Crops Research. vol 222: 78-84. doi: https://doi.org/10.1016/j.fcr.2018.03.019.

Gloser V, Dvorackova M, Mota DH, Petrovic B, Gonzalez P, Geilfus CM. 2020. Early changes in nitrate uptake and
assimilation under drought in relation to transpiration. Frontiers in Plant Science. vol 11: 1-11. doi:
https://doi.org/10.3389/fpls.2020.602065.

Hafizh M, Rambe RDH, Asbur Y. 2021. Pertumbuhan dan produksi tanaman bawang merah (A4/lium cepa L.) terhadap
cekaman kekeringan dan dosis pupuk kendang sapi. Agriland: Jurnal Ilmu Pertanian. Vol 9(1): 7-11. doi:
https://doi.org/10.30743/agr.v9i1.3860.

Istigomah N, Mahdiannoor M, Asriati F. Pemberian berbagai konsentrasi pupuk organik cair (POC) terhadap
pertumbuhan dan hasil padi ratun. Ziraa'ah: Majalah llmiah Pertanian. vol 41(3): 296-303.

Jain G. Biofertilizers-A way to organic agriculture. 2019. Journal of Pharmacognosy and Phytochemistry. vol 8(4): 49—
52.

Khairunnisa NA, Siswanti DU. 2021. Effect of biofertilizer and salinity stress on productivity and vitamin C levels of
Amaranthus tricolor L. Biogenesis: Jurnal Ilmiah Biologi. vol 9(2): 146-155.
https://doi.org/10.24252/bi0.v9i2.21629.

Kishorekumar R, Bulle M, Wany A, Gupta KJ. 2020. An overview of important enzymes involved in nitrogen assimilation
of plants. Methods in Molecular Biology. vol 2057: 1-13. doi: https://doi.org/10.1007/978-1-4939-9790-9 1.
Kumar S, Diksha, Sindhu SS, Kumar R. Biofertilizers: An ecofriendly technology for nutrient recycling and
environmental  sustainability.  Current  Research in  Microbial — Sciences. vol 3: 1-26. doi:

https://doi.org/10.1016/j.crmicr.2021.100094.

Leghari SJ, Wahocho NA, Laghari GM, HafeezLaghari A, MustafaBhabhan G, HussainTalpur K, Bhutto TA, Wahocho
SA, Lashari AA. Role of nitrogen for plant growth and development: A review. Advances in Environmental Biology.
vol 10(9): 209-219.

Manurung GP, Kusumiyati, Hamdani JS. 2022. Pengaruh interval penyiraman terhadap pertumbuhan dan adaptasi tiga
bawang merah komersial. Jurnal Kultivasi. vol 21(1): 24-32. doi: https://doi.org/10.24198/kultivasi.v21i1.34836.

Mapegau M, Hayati I, Ichwan B, Buhaira B, Salim H, Nasamsir N. 2023. Nitrate reductase enzyme activity and its
correlation with soybeans yield in saturated soil culture and watering cultivation in tidal land. Russian Journal of
Agricultural and Socio-Economic Sciences. vol 144(12): 298-305. doi: https://doi.org/10.18551/rjoas.2023-12.34.

Marlina N, Amir N, Palmasari B. 2018. Pemanfaatan berbagai jenis pupuk organik hayati terhadap produksi bawang
merah (4/lium ascalonicum L.) di tanah pasang surut tipe luapan C asal Banyuurip. Journal of Suboptimal Lands.
vol 7(1):74-79. doi: http://dx.doi.org/10.33230/JLSO.7.1.2018.345.

Mayadunna N, Karunarathna SC, Asad S, Stephenson SL, Elgorban AM, Al-Rejaie S, Kumla J, Yapa N, Suwannarach
N. 2023. Isolation of phosphate-solubilizing microorganisms and the formulation of biofertilizer for sustainable
processing of phosphate rock. Life. vol 13(3): 1-19. doi: https://doi.org/10.3390/1ife13030782.

Nunilahwati H, Marlina N, Purwanti Y, Nisfuriah L, Aryani I, Rosmiah R, Zulfakar Z. 2023. Efek takaran pupuk hayati
terhadap pertumbuhan dan produksi caisim (Brassica juncea L.). Prosiding Seminar Nasional Lahan Suboptimal.
27 Oktober, 2022. Palembang: Penerbit & Percetakan Universitas Sriwijaya (UNSRI). ISSN 2963-6051: 226-233.

Pagalla DB, Jannah M. 2023. Pengukuran aktivitas nitrat reduktase (ANR) pada tanaman Poaceae cecara in vivo. Jurnal
Ilmiah Biologi UMA (JIBIOMA): vol 5(1): 40-46. doi: https://doi.org/10.31289/jibioma.v5i1.1681.

Palupi DR, Siswanti DU. Response of root anatomy and vitamin C content of Brassica juncea L. on biofertilizer
application in a saline environment. 2023. Biogenesis: Jurnal Ilmiah Biologi. vol 11(2): 183-90. doi:
https://doi.org/10.24252/bio.v11i2.36522.

Polakitan A, Salamba HN, Manoppo CN. 2022. The effect of watering techniques for increasing the yield of shallots
(Allium  cepa L) in dry land. E3S Web of Conferences. vol 361: 1-6. doi:
https://doi.org/10.1051/e3sconf/202236104021.

Prado RM. 2021. Mineral nutrition of tropical plants. Switzerland: Springer Nature Switzerland.


https://doi.org/10.1515/opag-2021-0050
https://doi.org/10.3389/fpls.2018.00474
https://doi.org/10.3389/fpls.2021.600371
https://doi.org/10.20546/ijcmas.2018.701.247
https://doi.org/10.1016/j.fcr.2018.03.019
https://doi.org/10.3389/fpls.2020.602065
https://doi.org/10.30743/agr.v9i1.3860
https://doi.org/10.24252/bio.v9i2.21629
https://doi.org/10.1007/978-1-4939-9790-9_1
https://doi.org/10.1016/j.crmicr.2021.100094
https://doi.org/10.24198/kultivasi.v21i1.34836
https://doi.org/10.18551/rjoas.2023-12.34
http://dx.doi.org/10.33230/JLSO.7.1.2018.345
https://doi.org/10.3390/life13030782
https://doi.org/10.31289/jibioma.v5i1.1681
https://doi.org/10.24252/bio.v11i2.36522
https://doi.org/10.1051/e3sconf/202236104021

Vol 12(2), December 2024 Biogenesis: Jurnal Ilmiah Biologi 38

Putra VP, Solichatun, Sugiyarto, Sutarno. 2020. Nitrate reductase activity of black rice (Oryza sativa L.) Cempo Ireng
cultivar strain 13 and 46 as the result of plant breeding using 60 Co gamma ray on drought stress variation. Journal
of Physics: Conference Series: vol 1436(1): 1-8. doi: https://doi.org/10.1088/1742-6596/1436/1/012114.

Rahmawati N, Yasvi AP. 2024. Improvement in physio-biochemical characteristics of shallot plants with nano silica at
several levels of drought stress. IOP Conference Series: Earth and Environmental Science. vol 1302(1): 1-6. doi:
10.1088/1755-1315/1302/1/012032.

Riesty OS, Siswanti DU. 2021. Effect of biofertilizer on growth and metaxylem diameter of Amaranthus tricolor L. in
salinity stress condition. Biogenesis. vol 9(2): 178-188. doi: https://doi.org/10.24252/bi0.v9i2.22232.

Sabur A, Pramudyani L, Yasin M, Purnomo J. 2021. Application of biological fertilizers on growth and yield of sweet
corn (Zea mays saccharata Sturt) in dry land. IOP Conference Series: Earth and Environmental Science. vol 807(4),
1-6. doi: https://doi.org/10.1088/1755-1315/807/4/042024.

Saharuddin, Dungga NE, Syam’Un E, Amin AR. 2018. Towards sustainable agricultural production: Growth and
production of three varieties of shallot with some various Nitrobacter bio-fertilizer concentrations. /OP Conference
Series: Earth and Environmental Science. vol 157(1): 1-6. doi: http://dx.doi.org/10.1088/1755-1315/157/1/012015.

Sansan OC, Ezin V, Ayenan MAT, Chabi IB, Adoukonou-Sagbadja H, Saidou A, Ahanchede A. 2024. Onion (Allium
cepa L.) and drought: current situation and perspectives. Scientifica. vol 2024: 1-12.
https://doi.org/10.1155/2024/6853932.

Sapalina F, Ginting E.N, Hidayat F. 2022. Bakteri penambat nitrogen sebagai agen biofertilizer. Warta Pusat Peneliti.
Kelapa Sawit. vol 27(1): 41-50. doi: https://doi.org/10.22302/iopri.war.warta.v27i1.80.

Siagian TV, Hidayat F, Tyasmoro SY. 2019. Pengaruh pemberian dosis pupuk NPK dan hayati terhadap pertumbuhan
dan hasil tanaman bawang merah (4llium ascalonicum L.). Jurnal Produksi Tanaman. vol 7(11): 2151-2160.
Singh S, Prasad S, Yadav V, Kumar A, Jaiswal B, Kumar A, Khan NA, Dwivedi DK. 2018. Effect of drought stress on
yield and yield components of rice (Oryza sativa L.) genotypes. International Journal of Current Microbiology and

Applied Sciences. vol 7: 2752-2759.

Siswanti DU, Rachmawati D. 2011. Plant responses and nitrate reductase activity in vivo on rice (Oryza sativa L.)
cultivars IR-64 biofertilizer application and drought. International Conference of Biological Science Universitas
Gadjah Mada. Yogyakarta. hal 1-5.

Siswanti DU, Rachmawati D. 2013. Pertumbuhan tiga kultivar padi (Oryza sativa L.) terhadap aplikasi pupuk bio cair
dan kondisi tanah pertanian pasca erupsi Merapi 2010. Biogenesis: Jurnal Ilmiah Biologi. vol 1(2): 110-115. doi:
https://doi.org/10.24252/bio.v1i2.456.

Siswanti DU, Agustin RV. 2014. Physiological response of “Segreng” and “Menthik Wangi” rice (Oryza sativa L.) to
liquid organic fertilizer and decomposer applications. Biogenesis: Jurnal IImiah Biologi. vol 2(2): 89-93. doi:
https://doi.org/10.24252/bio.v2i2.472.

Siswanti DU. 2015. Pertanian organik terpadu di Desa Wukirsari, Sleman, Yogyakarta sebagai usaha pemulihan
kesuburan lahan terimbas erupsi Merapi 2010 dan pencapaian desa mandiri sejahtera. Jurnal Pengabdian kepada
Masyarakat. vol 1(1): 62—78. doi: https://doi.org/10.22146/jpkm.16954.

Siswanti DU, Syahidah A, Sudjino. 2018. Produktivitas tanaman padi (Oryza sativa L.) Segreng setelah aplikasi sludge
biogas di lahan sawah Desa Wukirsari, Cangkringan, Sleman. Biogenesis. vol 6(1): 64-70. doi:
http://dx.doi.org/10.24252/bio.v6i1.4241.

Siswanti DU, Lestari MF. 2019. Growth rate and capsaicin level of curly red chili (Capsicum annum L.) on biofertilizer
and biogas sludge application. Jurnal Biodjati. vol 4(1): 126—137. https://doi.org/10.15575/biodjati.v4i1.4216.
Siswanti D, Utaminingsih U, Pangestuti N. 2019. Capsaicin level and anatomy response of curly red chili (Capsicum
annuum L.) to bio fertilizer and sludge biogas application. Indonesian Journal of Community Engagement. vol 5(3):

371-388. doi: https://doi.org/10.4108/eai.2-5-2019.2284700.

Siswanti DU, Umah N. 2021. Effect of biofertilizer and salinity on growth and chlorophyll content of Amaranthus tricolor
L. IOP Conference Series: Earth and Environmental Science. vol 662(1): 1-10. doi: https://doi.org/10.1088/1755-
1315/662/1/012019.

Siswanti DU, Pangestuti NH, Wulansari N. 2022. Growth and productivity of Lurik peanuts (4rachis hypogaea L. var.
Lurikensis) after biofertilizer-sludge biogas application. Proceedings of the 7th International Conference on
Biological Science (ICBS 2021). 14-15 October, 2021. Yogyakarta: Atlantis Press International B.V. ISBN
10.2991/absr.k.220406.071. hal 505-512.

Soliman I, Hamza A. 2016. Effect of biofilterizers and control treatments on roots nodulation, yield and associated weeds
of soybean crop. Journal of Plant Protection and Pathology. vol 7(9): 593-604. doi:
https://doi.org/10.21608/jppp.2016.52023.

Sun H, LiJ, Song W, Tao W, Huang S, Chen S, Hou M, Xu G, Zhang Y. 2015. Nitric oxide generated by nitrate reductase
increases nitrogen uptake capacity by inducing lateral root formation and inorganic nitrogen uptake under partial
nitrate  nutrition in rice. Journal of Experimental Botani. vol 66(9): 2449-2459. doi:
https://doi.org/10.1093%2Fjxb%2Ferv030.


https://doi.org/10.1088/1742-6596/1436/1/012114
https://doi.org/10.24252/bio.v9i2.22232
https://doi.org/10.1088/1755-1315/807/4/042024
http://dx.doi.org/10.1088/1755-1315/157/1/012015
https://doi.org/10.1155/2024/6853932
https://doi.org/10.22302/iopri.war.warta.v27i1.80
https://doi.org/10.24252/bio.v1i2.456
https://doi.org/10.24252/bio.v2i2.472
https://doi.org/10.22146/jpkm.16954
http://dx.doi.org/10.24252/bio.v6i1.4241
https://doi.org/10.15575/biodjati.v4i1.4216
https://doi.org/10.4108/eai.2-5-2019.2284700
https://doi.org/10.1088/1755-1315/662/1/012019
https://doi.org/10.1088/1755-1315/662/1/012019
https://doi.org/10.21608/jppp.2016.52023
https://doi.org/10.1093%2Fjxb%2Ferv030

Mardiana & Siswanti Biogenesis: Jurnal Ilmiah Biologi 39

Tamiru G. 2023. Role of bio-fertilizers in improving soil fertility and crop production. Cross Current International
Journal of Agriculture and Veterinary Sciences. vol 5(6): 118-127. doi:
https://doi.org/10.36344/ccijavs.2023.v05i106.003.

Wiyatiningsih S, Suryaminarsih P, Hasyidan G. 2021. Pemanfaatan fobio dan Streptomyces sp. dalam meningkatkan
pertumbuhan daun bawang merah. Sains dan Teknologi Pertanian Modern. vol 2021: 39-45. doi:
http://dx.doi.org/10.11594/nstp.2021.1507.

Wach D, Skowron P. 2022. An overview of plant responses to the drought stress at morphological, physiological and
biochemical levels. Polish Journal of Agronomy. vol 50: 25-34. doi: https://doi.org/10.26114/pja.iung.435.2022.04.

Zaki HEM, Radwan KSA. 2022. Response of potato (Solanum tuberosum L.) cultivars to drought stress under in vitro
and field conditions. Chemical and Biological Technologies in Agriculture. vol 9(1): 1-19.

https://doi.org/10.1186/s40538-021-00266-z.


https://doi.org/10.36344/ccijavs.2023.v05i06.003
http://dx.doi.org/10.11594/nstp.2021.1507
https://doi.org/10.26114/pja.iung.435.2022.04
https://doi.org/10.1186/s40538-021-00266-z

