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Cultivation of green onion has been developed widely in Tran De district,
Soc Trang province, contributing to upgrade household income, however salt
invasion has caused a decline in green onion production. The study aimed to
determine the efficiency of salt tolerance bio-product NPISi (NPISi) on soil
characteristics, growth and yield of green onion when grown on salt-affected
soil in Tran De district, Soc Trang province. The experiment was carried out
in a randomized complete block design with four treatments and four
replicates of each treatment. Properties of soil chemistry and biology, growth
and yield of green onion were collected. The result indicated that the
treatment with NPISi or organic fertilizer (OF) had significantly higher
values of NH4*, NOs', PoOs, nitrogen fixing bacteria, phosphorus, and silicate
solubilizing bacteria in soil than in the positive control treatment with
100%NPK, moreover, the total nitrogen, phosphorus, potassium, and silicon
concentration in green onion bulb were also higher than the control. The best
performance of green onion was observed in treatment applied with both OF
and NPISi. Additionally, the inoculant in NPISi product excellently grew,
boosted green onion height and yield under salinity condition, especially
when associated with OF, green onion yield was enhanced up to 56.0% as
compared to the positive control treatment. Therefore, NPISi product is
recommended to be used for crops grown on saline soils.
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Ché pham vi sinh chiu man NPISi
Dic tinh dat

Pét nhiém man

Hanh la

Vi khuan cé dinh dam

Canh tac hanh 1a tai huyen Tran Pé, tinh Séc Trang dang co nhimg budc
tién quan trong gop phan gia tang thu nhap ndng ho, tuy nhién van d& xam
nhap man dan dén nang suat hanh 14 bi suy giam. Nghién ctu nhdm danh
gi4 hiéu qua caa ché pham vi sinh chiju min NPISi (NPISi) Ién dic tinh dat,
sinh trudng va ning suit hanh 14 tai Trin D&, Soc Trang. Thi nghiém duoc
b tri theo thé thuc khdi hoan toan ngau nhién vai 4 nghigm thic va 4 lap
lai. C4c chi tiéu vé dac tinh héa sinh hoc dét, sinh truéng va nang sudt hanh
14 dugc thu thap. Két qua cho thdy nghiém thirc dugc bd sung NPIS hoic
phan hiru co (PHC) giup gia ting céc chi tiéu nhw ham luong NHa4*, NOg,
P,0s, mat s6 vi khuan ¢6 dinh dam, hoa tan lan va silic trong dat ciing nhu
xu hudng gia tang ham luong dam, Ian, kali va silic tong sé trong cay hanh
l&. Hiéu qua gia ting tot nhat khi c6 su két hop gitra PHC va NPISi. Céc
dong vi khuan trong ché pham NPISi phét trién, kich thich chiéu cao va
ning sudt hanh Ia trong diéu kién nhiém man, dic biét thic diy nang suit
1én dén 56,0% so véi nghiém thirc bon 100%NPK khi ¢ PHC. Do do, ché
pham NPISi dugc khuyén c4o str dung cho cy trong trén dat nhiém man.
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1. Introduction

Cultivation of green onion has been developed widely in Tran De district, Soc Trang province,
contributing to upgrade household income, however salt invasion has caused a decline in green
onion production [1], [2]. There were some methods to enhance tolerance ability, growth and
yield of vegetables on salt-affected soil including amendment of gypsum (CaS0O.), sulfuric acid,
nitric acid, elemental sulfur to alleviate saline effect in soil [3]. The addition of humic acid, NOsz’,
Ca*, K, P, salicylic acid, and silicon to salt-affected soil aimed at improving the salt tolerance
vegetables [4]-[13]. Application of biofertilizer containing useful microorganisms mitigated
salinity effects on vegetables and reduced soil salinization [14]. Moreover, the application of
poultry manure, beneficial microorganisms as Azotobacter with nitrogen fixation ability, Serratia
sp. with phosphate-solubilizing capability and Pseudomonas sp. effectively boosted NPK
contents in bulb, growth and productivity of green onion in salt-affected soil [15]-[18]. However,
it was not yet almost found studies that amendments of bacterial bio-products ameliorate soil
characteristics as well as reinforce growth and yield of green onion on salt-affected soil.
Therefore, this study was carried out to evaluate the efficiency of salt tolerance bio-product
NPISi (NPISi) on soil properties, green onion height and yield over two consecutive crops on
salt-affected soil.

2. Methodologies
2.1. Experimental design

The experiment was conducted as a completely randomized block design with four treatments
and four replicates each one in Vien Binh ward, Tran De district, Soc Trang province. The area of
salt-affected soil around 480 m? was divided into 16 plots, and each plot had 30 m?* (2 m x 15 m =
30 m?). The study lasted in two consecutive crops involving the first crop (12/2020-02/2021), and
the second crop (3/2021-4/2021). The treatments were listed as follows:

Table 1. List of the treatments carried out in the field condition

No. Treatment Abbreviation
T1 Recommended NPK NPK

T2 Recommended NPK + salt tolerance bio-product NPISi (75 kg.ha't) NPISi

T3 Recommended NPK + organic fertilizer (2 t.ha?) OF

T4 Recommended NPK + OF + NPISi (75 kg.ha'!) OF+NPISI

The organic fertilizer Con Ca of ADC company containing 22.0% organic matter, 5.0% total
nitrogen, 2.0% humic acid, 2.0% P,0s, 2.0% K0, 4.0% Ca, 2.17% Mg, 4.0% S, 200 ppm Zn,
200 ppm Fe, 200 ppm Mn, 200 ppm Cu, and 1500 ppm B was used in the study and basal
fertilized once in the soil preparation time.

The salt tolerance bio-product NPISi containing four isolates comprising Bacillus aquimaris
KG6-3, Burkholderia sp. BL1-10, Bacillus megaterium ST2-9, and Ochrobactrum ciceri
TCM_39 obtained abilities of nitrogen fixation, phosphate solubilization, I1AA synthesis, and
silicate solubilization, respectively, with the number of the bacterial cell around 10° CFU.g* bio-
product [19], [20]. NPISi was amended at 15, 22, 29, and 36 days after seedling with a total dose
of 75 kg.ha* by mixing sand and spreading evenly on the surface of block. Weed was controlled
by handwork methods. Insects and diseases were managed by the IPM method, simultaneously
extreme limitation of plant protection products.

2.2. The collected parameters

2.2.1. Soil chemical and biological properties of green onion cultivation soil in Tran De district,
Soc Trang province
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At the end of the experiment, the soil sample was collected at 0-20 cm depth in many sites,
and then mixed in a bigger soil sample in each plot. The soil sample was analyzed parameters as
follows:

- pH and EC (electrical conductivity): pH and EC were determined by 744 pH Meter-Metrohm
and EC Schott model 960, respectively. Extract solution with ratio of soil: water = 1.0: 2.5. Soil
solution was shaken at 150 rpm in two hours, after that centrifuged at 2000 rpm in 3 min.

- Total nitrogen (Ny): soil sample was digested by a mixture of CuSOs, Se, and K2SOs, then
total nitrogen concentration was evaluated via the Kjeldahl method [21].

- Total phosphorus (Py): soil sample was digested in a mixture of H,SO. and HCIO4, and total
phosphorus content was determined at 880 nm wavelength [22].

- Total potassium (Ky): soil sample was digested by mixture of H,SO, and HCIO,, and total
potassium content was determined by atomic absorption spectroscopy [23].

- Available nitrogen concentration NH4s*-N and NO3-N: available nitrogen concentration
NHs*-N and NOs-N in soil were adopted by [24], and examined at 650 nm and 540 nm,
respectively by spectrophotometer.

- Soluble phosphorus (Ps): soil sample was extracted with NaHCO3; 0.5 M, pH 8.5 (ratio of
soil: solution = 1:20), and shaken in 30 min, then filtered through filter papers. The extract
solution was evaluated at 880 nm wavelength [25].

- Exchangeable potassium (Kex): soil sample was extracted with BaCl2 0.1 M and determined
by atomic absorption spectroscopy [26].

- Soluble silicon (Sis): soil sample was digested in a mixture of NaCOs (10 g.L ) and 50 mL
NH:NO3 (16 g.L ), then shaken at 60 rpm in an hour, kept in 5 days [27]. After that, soluble
silicon content will be determined as Molybdenum Blue Colorimetric method [28]. The method
for determining soluble Si content in liquid medium is described as follows. An aliquot of 1 mL
of the sample will be transferred into 50 mL falcon then adding 2.5 mL ammonium acetate 20%,
1 mL ammonium molybdate 0.3 M, vortex 5 sec, left the fixed sample in 5 min for stabilization,
then, added 0.5 mL tartaric acid 20%, 0.5 mL reducing solution, 2 mL acetic acid 20%, after that,
put stationary sample at laboratory condition for another 60 min and finally, samples will be
measured by spectrophotometer with 815 nm.

- Number of microorganisms in soil: Microbial solution will be diluted with dilution
coefficient 10, mix sample well in a vortex. A defined amount (100 pL) of microbial suspension
in 102, 10 and 10 will be spread on Tryptone Soya Agar (TSA), Potato Dextrose Agar (PDA),
Starch Agar, Burk Agar, National Botanical Research Institute’s phosphate growth medium
(NBRIP) Agar, Soil Extract Agar (SEA) medium surface to determine the number of bacteria,
fungi, actinomyces, nitrogen fixation bacteria, phosphate-solubilizing bacteria, and silicate-
solubilizing bacteria in soil, respectively. After that, all of the samples will be incubated in a 30°C
incubator for 24 hours then finally count the number of colonies exhibited on agar medium for
determining the microbial number in liquid medium (CFU/mL) [29]-[32].

- Bacterial survivability in NPISi after two consecutive green onion crops in the field
condition: bacterial community in soil was extracted DNA by CTAB 3.0% [33], then did PCR
with primer pair 341F-GC/534R and thermal cycle as 1 cycle (94°C in 3 min), 29 cycles (94°C in
20 sec; 55°C in 45 sec; 72°C in 45 sec) and 1 cycle (72°C in 7 min). Then, PCR product was
analyzed DGGE Denaturing Gradient Gel Electrophoresis (DGGE) gel with acrylamide 8.0% in
Tris Base Acetate (TAE) 1X at 45V, 60°C, in 16 hours on vertical electrophoresis system (Dcode,
Biorad). Finally, DGGE gel dyed Ethium Bromide was examined by Gel Logic 1500.

2.2.2. Height, nutrient uptake ability and yield of green onion plant

- Plant height: plant height was measured from the soil surface to the highest top of green
onion in 0.5 m? cell.
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- Total silicon concentration in bulb: bulb of green onion was dried at 70°C in 48 hours, and
sieved through 0.5 mm sieve. Then a defined aliquot of 0.1 g sample was transferred to centrifuged
tube 50 mL, next 3 mL NaOH 50% was transferred to tube, sterilized at 120°C in 20 min. After
that, the sample was calibrated to 50 mL volume with distilled water. Finally, total silicon
concentration in the bulb was evaluated by the Molybdenum Blue Colorimetric method [28].

- Total NPK concentration in bulb: bulb of green onion was digested with concentrated H>SO4
and salicylic acid. After that, total nitrogen, phosphorus, and potassium concentration were
determined via Kjeldahl, spectrometer, and spectroscopy method.

- Yield of green onion plant: (1) crop 1: green onion plant was harvested in the 50 day after
seedling period, and collected three plots each block, then, evaluated fresh yield of green onion
plant (t.ha); (2) crop 2: green onion plant was harvested 30 days after the seedling period due to
salinity of irrigation water extremely high (6.49 mS.cm™), so the study could not last anymore.
One hundred of green onion bundle was randomly collected in each block, then, fresh yield of
green onion plant (t.ha™) evaluated was based on plant density (20 cm x 15 cm).

3. Results and discussions

3.1. The efficiency of salt tolerance bio-product NPISi on soil chemical and biological
properties cultivated green onion plant over two consecutive crops in Tran De district, Soc
Trang province

3.1.1. pH and EC in soil

pH in the soil at the end of the experiment varied from 5.73 to 5.92 (Fig. 1a). The treatment
with NPISi or OF led to increasing pH in the soil. Especially the treatment with NPISi boosted
better pH in soil than the treatment with OF. In details, the treatment with NPK+NPISi had pH
peaked at 5.92 was significantly higher than as compared with the treatment without NPISi (p <
0.05), however was non-significantly different as compared to the treatment with
NPK+OF+NPISi (pH 5.87). In short, the application of NPISi reinforced pH as a beneficial trend
for the growth of green onion plant because of optimal pH to green onion growth around 6.5 [34].

6.2

5.92° 0,77*
6.0 587 0.8

5.81%
5.73¢

58

0,51°

0.6

EC (mS/cm)

0.4
54

52 0.2

50 0.0
NPK NPK + NPISi NPK +OF NPK + OF + NPISi NPK NPK + NPISi NPK + OF NPK + OF + NPISi

Treatment
Treatment

(@) (b)
Figure 1. pH (a) and EC in soil (b) of the treatments in the field condition in Tran De district, Soc Trang
province (4/2021)

Fig. 1b showed EC in the soil of the treatments fluctuated in 0.43-0.77 mS.cm?, and the
treatments had significant differences in comparison with each other (p < 0.05). Among them, the
treatment with NPK+NPISi and NPK+OF+NPISi owned the lowest EC. The treatment with
recommended NPK obtained the highest EC peaked at 0.77 mS.cm™. Although EC in soil was
approximately 0.43-0.77 mS.cm, which not yet caused significantly deleterious effects for
growth of green onion, however EC of irrigation water for green onion plant in crop 2 was
extremely high (6.49 mS.cm™) due to that period time was dried season and irrigation water was
salt-affected. Moreover, soil used for the study had compositions including sand 52.4%, loam
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34.0%, and clay 13.7%. Due to sand being the dominant component in the soil, it could not retain
salt in salt-affected water, hence would not lead to detrimental effects on green onion plant.
Concurrently, after irrigation, salt-affected water moved into and accumulated in furrows as a salt
dizzy layer on soil surface (Fig. 2). In summary, amendment of NPISi alleviated EC in soil up to
44.2% as opposed to the control treatment. This was one out of convenient conditions for growth
and yield of vegetables in general and It-affected soil in specific [35].

Figure 2. Salt dizzy layer on soil furrow surface in the field condition in Tran De district, Soc Trang province

3.1.2. NH4*, NOg’, P,Os, exchangeable K* and soluble silicon concentration in soil cultivated
green onion at the end of the experiment

Concentration of NH4*, NOs, P.Os, exchangeable K* (Kex) and soluble silicon (H4SiOs) in soil
cultivated green onion at the end of the experiment of the treatments ranged in 6.96-7.54 mg.kg,
34.9-38.8 mg.kg?, 57.5-70.9 mg.kg?, 0.44-0.48 meqg/100 g, and 96.0-98.1 g.kg™, respectively
(Table 1). Simultaneously, it was found that there were statistically significant differences among
the treatments, but the treatments had exchangeable K* and soluble silicon (HSiOa)
concentration in soil was statistically non-significant different from each other (p > 0.05).

Table 1. Concentration of NH4*, NOs", P2Os, exchangeable K* and soluble silicon (H4SiOs) in the soil at
the end of the experiment in Tran De district, Soc Trang province (4/2021)

Concentration

Treatment NH4* NO3 P20s Kex H4SiO4
(mg.kg™) (mg.kg?) (mg.kg™) (meq/100 g) (9.kg™h)
NPK 6.96° 34.9P 57.5¢ 0.44 98.1
NPK+NPISi 7.33b 38.3 63.9° 0.45 96.5
NPK+OF 7.24p 38.5 70.5 0.46 96.0
NPK+OF+NPSi 7.542 38.8° 70.9° 0.48 97.4
F * * * ns ns
CV (%) 3.20 4.9 9.0 6.47 55

Notes: *significant difference at level 5% by Tukey’s test; in same column numbers followed by same
letters was non-significant at level 5%; ns: significant difference at level 5%

More specifically, the treatment with NPISi, OF, or OF+NPISi obtained higher NH4*, NOg,
P,Os concentration in soil than the control with recommended NPK. The treatment with
NPK+OF+NPISi tended to have the highest NH4*, NOs", P.Os concentration in soil peaked at
7.54, 38.8, and 70.9 mg.kg™, respectively. The treatment with NPK possessed a tendency of the
lowest NH4*, NOs, P,Os concentration in soil bottomed out at 6.96, 34.9, and 57.5 mg.kg?,
respectively (p < 0.05). The treatment with NPK+NPISi and NPK+OF had a trend that NH,*,
NOs, P2Os concentration in soil was non-significant different from each other. The result was in
agreement with the past study indicating that the use of bio-fertilizer raised NH4*, NOs", P.Os
concentration in soil, however exchangeable K* concentration in soil was non-significant
different [36], [37]. Moreover, the studies about the use of bio-fertilizer to climb soluble silicon
content in soil were not found. In short, utilization of OF and NPISi augmented NH4*, NOs", P2Os
concentration in soil.
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3.1.3. Number of microorganisms in the soil

The number of microorganisms in the soil of the treatments indicated Table 2 showed that
there were statistically significant differences in the number of bacteria, fungi, nitrogen fixation
bacteria, phosphate-solubilizing bacteria, and silicate-solubilizing bacteria in soil (p < 0.05), but
the treatments had number of actinomyces in soil fluctuated in 5.23-5.29 logio CFU.g* and was
non-significant different in comparison with each other.

Table 2. Number of microorganisms in soil (4/2021) at the end of the experiment in Tran De district, Soc
Trang province (4/2021)

Number of microorganisms in soil (logio CFU.g%)

Treatment Bacteri Fungi Actino- Nitrogen Phosphate- Silicaate-

a myces fixation bacteria  solubilizing bacteria solubilizing bacteria
NPK 5.68¢ 3.84% 5.29 4,59° 3.95b¢ 3.48°
NPK+NPISi 6.38°  3.59° 5.24 4.752 4,01% 3.79%
NPK+OF 6.22° 3.60° 5.23 4.65° 3.83¢ 3.58"
NPK+OF+NPSi 6.54*  3.88% 5.28 4.76% 4132 3.85%
F * * ns * * *
CV (%) 5.39 3.92 1.61 1.83 3.16 4.48

Notes: *significant difference at level 5% by Tukey’s test; in same column numbers followed by same
letters was non-significant at level 5%; ns: significant difference at level 5%

Bacterial density in the soil of the treatments ranged from 5.68 to 6.54 logio CFU.g?, and was
significantly different as compared to each other (p < 0.05). The treatment with NPK+OF+NPISi
had the highest bacterial density in soil peaked at 6.54 logio CFU.g%, while the treatment with
NPK owned the lowest bacterial density in soil reached 5.68 logio CFU.g* (p < 0.05).

The number of fungi in the soil of the treatments varied in 3.59-3.88 logic CFU.g. It was
found that fungal density in the soil of the treatments was statistically significantly different from
each other. The treatment with NPK+OF+NPISi and NPK had the highest fugal density in soil
around 3.84-3.88 logic CFU.g%, and was non-significant different each other, however were
significantly higher fungal density in soil than the others.

The treatment with NPISi obtained a higher number of nitrogen fixation bacteria, phosphate-
solubilizing bacteria, and silicate-solubilizing bacteria in soil than the treatments without NPISi
(p < 0.05). In detail, the treatment with NPK+OF+NPISi possessed a number of nitrogen fixation
bacteria, phosphate-solubilizing bacteria, and silicate-solubilizing bacteria in soil peaked at 4.76,
4.13, and 3.85 logio CFU.g" (p < 0.05), simultaneously was significantly higher than the
treatment with NPK and NPK+OF had a number of nitrogen fixation bacteria, phosphate-
solubilizing bacteria, and silicate-solubilizing bacteria in soil ranged in 4.59-4.65, 3.83-3.95, and
3.48-3.58 logio CFU.g* (p < 0.05). Moreover, it was not found any significant difference between
the treatment with NPK and NPK+OF.

In general, the result agreed with the previous studies that showed that the application of bio-
fertilizer with beneficial bacteria boosted useful bacterial density in soil [38]. However, the studies
about correlations among effective bacteria, fungi and actinomyces were not almost found.

To sum up, application of NPISi enhanced the number of total bacteria, and beneficial bacteria
in soil including nitrogen fixation bacteria, phosphate-solubilizing bacteria, and silicate-
solubilizing bacteria. Furthermore, amendment of OF without NPISi has not yet boosted useful
microbial density in soil over two consecutive crops on salt-affected soil in the field condition.

3.1.4. Bacterial survivability in salt tolerance bio-product NPISi in soil cultivated green onion
plant over two consecutive crops

After two consecutive crops, a number of bacterial species of the treatments NPK,
NPK+NPISi, NPK+OF, and NPK+OF+NPISi was shown via a number of bands reached at 19,
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19, 16, and 19, respectively (Fig. 3). The treatment with OF had a lower number of the band (16
bands) than the others. Moreover, the treatment with NPK+OF+NPISi had a higher light-
intensity of the band than the others at the same band positions. This meant that application of
NPISi or OF+NPISi not yet enhanced the number of bacterial species in soil over two
consecutive crops as compared to the control (recommended NPK). Besides, the treatment with
NPK+OF+NPISi boosted number of specific bacteria in soil (band 2, band 7, band 8, band 9,
band 10, and band 11). However, utilization of OF mitigated the number of bacterial species as
compared to the control but reinforced bacterial density of three species involving band 3, band
4, and band 11.

Band 1

Band3
Band3
Band4 Band 7
Band6
Bang 13

Figure 3. DGGE profile of bacterial communities in soil cultivated green onion plant of the treatments in
Tran De district, Soc Trang provine (4/2021)
*Note: NPISi: bio-product NPISi; T1: NPK; T2: NPK + NPISi; T3: NPK + OF; T4: NPK + OF + NPISi

Isolates in NPISi in corresponding with bands 4, 8, 9, 10, and 11 were survival over two
consecutive crops in two treatments including NPK+NPISi and NPK+OF+NPISi. It was not
almost reported the study about the diversity of bacterial communities in salt-affected soil
cultivated green onion plants when applied bio-fertilizer. In short, bacteria in NPISi were
efficiently survived and grew in salt-affected soil cultivated green onion plants in Tran De
district, Soc Trang province over two consecutive crops. Especially, application NPISi+OF
stimulated bacterial density of special species in soil, concurrently assisted isolates in NPISi to
grow better.

3.2. The efficacy of salt tolerance bio-product NPISi on height, nutrient absorption ability, and
yield of green onion plant over two consecutive crops in Tran De district, Soc Trang province

3.2.1. Plant height

Fig. 4a and 4b showed green onion plant height of the treatments indicated an upwards
movement and ranged from 30.1 cm to 49.5 cm. The treatment with NPK+OF+NPISi had the
highest plant height (p < 0.05), followed by the treatment with NPK+OF and NPK+NPISi owned
plant height was equal at all the sampling periods (p > 0.05). The control treatment obtained the
lowest plant height at any sampling time. The result of the study corresponded to the previous
studies which showed that the use of bio-fertilizer improved growth of green onion [39], [40].
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Figure 4. Green onion plant height of the treatments in the field condition crop 1 (a), and crop 2 (b) in
Tran De district, Soc Trang province (12/2020-02/2021)

In general, the application of sole OF or NPISi considerably enhanced plant height. It was
excellently noticeable that the combination of OF+NPISi outstandingly ameliorated plant height
and stabilized the efficiency over all the observed periods.

3.2.2. Concentration of total nitrogen, phosphorus, potassium and silicon in green onion bulb

Content of total nitrogen (Nt), phosphorus (Py), potassium (K:) and silicon (S;) in green onion
bulb in crop 1 fluctuated in 4.56-4.75%, 1.75-1.93%, 6.47-6.78%, and 7.15-7.28%, respectively.
The treatment with NPK+OF+NPISi and NPK+OF had a higher tendency of N: and P:
concentration in bulb than the others. Additionally, the treatments had concentration of K: and S;
in bulb was non-significant different each other in the crop 1.

Table 3. Concentration of total nitrogen, phosphorus, potassium and silicon in green onion bulb of the
treatments in crop 1 in Tran De district, Soc Trang province (02/2021)

Concentration

Treatment Nt (%N) P+ (%P20s) Kt (%K:0) Sit (g.kg™)

NPK 4.56° 1.750 6.47 7.15
NPK+NPISi 4.61° 1.79° 6.57 7.22
NPK+OF 4,728 1.86% 6.78 7.20
NPK+OF+NPSi 4,752 1.93¢2 6.63 7.28
F * * ns ns
CV (%) 1.84 4.78 3.75 2.80

Notes: *significant difference at level 5% by Tukey'’s test; in same column numbers followed by same
letters was non-significant at level 5%; ns: significant difference at level 5%

Table 4 presented that concentration of total nitrogen (N:), phosphorus (P:), potassium (Ky)
and silicon (S;) in green onion bulb of the treatments in crop 2 varied in 2.96-3.29%, 1.19-1.30%,
3.76-4.34%, and 7.89-10.4%, respectively. The treatment with NPISi, OF, and OF+NPISi had
significantly higher N, P, K; and S; content in green onion bulb than the control treatment
(recommended NPK). Moreover, the treatment with NPK+NPISi obtained statistically higher Py
concentration than most of the other treatments.

Utilization of OF, NPISi or OF+NPISi highly boosted total nitrogen, potassium and silicon
concentration in green onion bulb. The increase of nutrient content in a plant can be due
to the enhancement of the biological N-fixation and/or production of organic acids to solubilize
P, K and Si and/or production of certain growth-promoting substances, which positively affect
root development and consequently their function in the uptake of both water and nutrients. As a
result, this supported green onion to grow and develop better under salt-affected soil. This result
was similar to previous studies, which indicated that utilization of bio-fertilizer climbed
concentration of nutrients in green onion bulb as compared to the control [41], [42].
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Table 4. Concentration of total nitrogen, phosphorus, potassium and silicon in green onion bulb of the
treatments in crop 2 in Tran De district, Soc Trang province (4/2021)

Concentration

Treatment N (%N) Pt (%P20s) Kt (%K20) Sit (g.kg™)

NPK 2.96 1.20° 3.765 7.89°
NPK+NPISi 3.20° 1.30° 4.342 10.42
NPK+OF 3,212 1.19° 4.312 10,31
NPK+OF+NPSi 3.26° 1.25% 4.25° 10.4°
F * * * *
CV (%) 4.32 4.01 5.66 2.80

Notes: *significant difference at level 5% by Tukey’s test; in same column numbers followed by same
letters was non-significant at level 5%; ns: significant difference at level 5%

To sum up, the application of OF boosted total nitrogen, phosphorus, potassium and silicon
content in green onion bulb, especially N; and P; concentration extremely raised in combination
with NPISi.

3.2.3. Fresh yield of green onion

Fig. 5 indicated fresh yield of green onion plant of the treatments over two consecutive crops
that fresh yield ranged in 35.7-55.7% (crop 1), and 8.36-10.4% (crop 2). The treatment with
NPISi had a higher fresh yield than the others. The control obtained the lowest fresh yield (p <
0.05). As a consequence, application of NPISi or OF reinforced fresh yield of green onion 18.5-
23.8%, and 8.61-23.2%, respectively as compared to the positive treatment (recommended NPK).
Especially, the combination of OF+NPISi enhanced the yield of green onion up to 56.0% as
compared to the control.
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Figure 5. Fresh yield of green onion plant of the treatments in the field condition crop 1 (a), and crop 2 (b)
(12/2020-4/2021)

It was extremely noticeable in the second crop that the treatments with NPISi had a higher
fresh yield of green onion than the treatment with OF, this is due to isolates in NPISi were
adapted and developed a large amount of bacterial density to support salt tolerance, growth and
yield ability of green onion plant. The same findings were reported by some authors who
presented that amendment of the bio-fertilizer enhanced weight of green onion [40], [43], [44].
However, there was not any study about the application of bio-fertilizer to increase salt tolerance,
growth and yield of green onion on salt-affected soil.

To sum up, amendment of sole NPISi or combined OF+NPISi boosted yield of green onion on
salt-affected soil in Tran De district, Soc Trang province. Especially, application of NPISi
containing beneficial bacteria as nitrogen fixation, phosphate-solubilizing, 1AA synthesis, and
silicate-solubilizing bacteria stimulated more efficient nutrient uptake of green onion plant than
only utilization of OF.
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4, Conclusions

Treatment with NPISi or OF application enhanced significantly higher values of NH4*, NOs,
P.0s, the number of nitrogen fixing bacteria, phosphorus, and silicate solubilizing bacteria in soil
than in the positive control treatment with 100%NPK, moreover, treatment with NPISi or OF
application induced a higher value level of the total nitrogen, phosphorus, potassium, and silicon
concentration in green onion bulb as compared to the control. The best performance of green
onion was observed in treatment applied with both OF and NPISi. Additionally, the inoculant in
NPISi product excellently grew, boosted green onion height and yield under salinity condition,
especially when associated with OF, green onion yield was enhanced up to 56.0% as compared to
the positive control treatment. Therefore, NPISi product is recommended to be utilized for crops
grown on saline soils.

REFERENCES

[1] V. K. Le and H. C. Nguyen, “Phycial soil characteristics of the rainfed rice area at Long Phu district
Soc Trang province,” Can Tho University Journal of Science, vol. 18, pp. 284-294, 2011.

[2] Phuong Anh, “Farmer Vien Binh (Tran De) increases income from vegetables,” (in Vietnamese), Portal
of Soc Trang province, 2020. [Online]. Available: https://www.soctrang.gov.vn. [Accessed Dec. 15,
2021].

[3] R. Munns, S. Husain, A. R. Rivelli, A. J. Richard, A. G. Condon, P. L. Megan, S. L. Evans, D. P.
Schachtman, and R. A. Hare, “Avenues for increasing salt tolerance of crops, and the role of
physiologically based selection traits,” Plant Soil, vol. 247, pp. 93-105, 2002.

[4] V. Martinez and A. Cerda, “Influence of N source on rate of Cl, N, Na and K uptake by cucumber
seedling grown in saline condition,” Journal of Plant Nutrition, vol. 12, pp. 971-983, 1989.

[5] K. Al-Aghabary, Z. Zhu, and Q. H. Shi, “Influence of silicon supply on chlorophyll content,
chlorophyll fluorescence, and antioxidative enzyme activities in tomato plants under salt stress,”
Journal Plant Nutrition, vol. 27, pp. 2101-2115, 2004.

[6] M. R. Romero-Aranda, O. Jurado, and J. Cuartero, “Silicon alleviates the deleterious salt effect on
tomato plant growth by improving plant water status,” Journal Plant Physiol., vol. 163, pp. 847-855,
2006.

[7] C. Kaya, A. L. Tuna, M. Ashraf, and H. Altunlu, “Improved salt tolerance of melon (Cucumis melo L.)
by the addition of proline and potassium nitrate,” Environmental and Experimental Botany Journal,
vol. 60, pp. 397-403, 2007.

[8] H. Karlidag, E. Yildirim, and M. Turan, “Salicylic acid ameliorates the adverse effect of salt stress on
strawberry,” Journal of Agriculture Science, vol. 66, pp. 180-187, 2009.

[9] M. W. Elwan, “Ameliorative effects of di-potassium hydrogen orthophosphate on salt-stressed
eggplant,” Journal Plant Nutrition, vol. 33, pp. 1593-1604, 2010.

[10] M. Paksoy, O. Tiirkmen, and A. Dursun, “Effects of potassium and humic acid on emergence, growth
and nutrient contents of okra (Abelmoschus esculentus L.) seedling under saline soil conditions,”
African Journal of Biotechnology, vol. 9, pp. 5343-5346, 2010.

[11] A. Aydin, K. Canan, T. Metin, “Humic acid application alleviate salinity stress of bean (Phaseolus
vulgaris L.) plants decreasing membrane leakage,” African Journal of Agriculture Research, vol. 7,
pp. 1073-1086, 2012.

[12] A. Bargaz, R. M. A. Nassar, M. M. Rady, M. S. Gaballah, S. M. Thompson, M. Brestic, and M. T.
Abdelhamid, “Improved salinity tolerance by phosphorus fertilizer in two Phaseolus vulgaris
recombinant inbred lines contrasting in their P-Efficiency,” Journal Agronomy and Crop Science, vol.
202, pp. 497-507, 2016.

[13] A. Manivannan, P. Soundararajan, S. Muneer, C. H. Ko, and B. R. Jeong, “Silicon mitigates salinity
stress by regulating the physiology, antioxidant enzyme activities, and protein expression in Capsicum
annuum ‘Bugwang’,” BioMed Research International, vol. 2016, 2016, Art. no. 3076357.

[14] D. Egamberdieva and B. Lugtenberg, “Use of plant growth-promoting rhizobacteria to alleviate
salinity stress in plants,” in Use of Microbes for the Alleviation of Soil Stresses, vol. 1 M. Miransari,
Ed. New York: Springer, 2014, pp. 73-96.

http://jst.tnu.edu.vn 12 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(03):3-14

[15] A. M. S. Khalel, “Effect of organic fertilizer in the growth and yield of green onion (Allium cepa L.
cv. white local),” Diyala Agricultural Sciences Journal, vol. 5, no. 2, pp. 185-193, 2013.

[16] A. H. Afify, F. I. A. Hauka, and A. M. El-Sawah, “Plant growth-promoting rhizobacteria enhance
onion (Allium cepa L.) productivity and minimize requisite chemical fertilization,” Env. Biodiv. Soil
Security, vol. 2, pp. 119-129, 2018.

[17] D. K. Kurrey, M. K. Lahre, and G. S. Pagire, “Effect of Azotobacter on growth and yield of onion
(Allium cepa L.),” Journal of Pharmacognosy and Phytochemistry, vol. 7, pp. 1171-1175, 2018.

[18] A. Blanco-Vargas, L. M. Rodriguez-Gacha, N. Sanchez-Castro et al., “Phosphate-solubilizing
Pseudomonas sp., and Serratia sp., co-culture for Allium cepa L. growth promotion,” Hellyon, vol. 6,
pp. 1-12, 2020.

[19] K. N. Nguyen and T. K. O. Nguyen, “Selection of carrier material and substrate for biofertilizer by-
product containing three halophilic plant growth promoting bacteria (Burkholderia cepacia BL1-10,
Bacillus megaterium ST2-9 va Bacillus aquimaris KG6-3),” Journal of Biotechnology, vol. 15, no. 2,
pp. 381-392, 2017.

[20] V. H. D. Tran and K. N. Nguyen, “Isolation and selection of silicate solubilizing bacteria from many
various habitats,” Thai Nguyen University Journal of Science and Technology, vol. 180, no. 4, pp. 9-
14, 2018.

[21] J. M. Bremmer, “Total nitrogen,” in Methods of Soil Analysis, Part 2; Agronomy Monograph, C. A.
Black, Ed., Madison: American Society of Agronomy, 1965, pp. 1149-1178.

[22] B. R. Bertramson, “Phosphorus analysis of plant material,” Plant Physiol., vol. 17, no. 3, pp. 447-454,
1942.

[23] C. L. Bascomb, “Rapid method for the determination of cation exchange capacity of calcareous and
non-calcareous soil,” Journal of the Science of Food and Argiculture, vol. 15, pp. 821-823, 1964.

[24] A. Otsuki, and K. Sekiguchi, “Automated determination of amonia in natural freshwaters using
salicylate-hexacyanoferrate-dichloroisocyanurate system,” Analytical letter, vol. 16, no. 13, pp. 979-
985, 1983.

[25] S. R. Olsen, and L. E. Sommers, “Phosphorus,” in Methods of soil analysis, A. L. Page, Ed., Madison:
American society of Agronomy, vol. 9, pp. 403-430, 1982.

[26] M. E. Sumner, and W. P. Miller, “Cation exchange capacity and exchange coefficient,” in Methods of
Soil Analysis, D. L. Sparks, Ed., Madison : Soil Science Society of America, 1996, pp. 1201-1231.
[27] H. S. Pereira, G. H. Korndorfer, W. F. Moura, and G. F. Correa, “Silicon extractors available in slag

and fertilizer,” Rev. Bras. Cience. Solo., vol. 27, no. 2, pp. 265-274, 2003.

[28] C. T. Hallmark, L. P. Wilding, and Smeck, “Chemical and Microbiological Properties” Methods of
Soil Analysis, A. L. Page, Ed., Madison: American Soc. Of Agronomy, 1982, pp. 263-274.

[29] P. W. Wilson, and S. G. Knight, Experiments in Bacterial Physiology, Burgess Publishing Co, 1952.

[30] S. Mehta and C. S. Nautiya, “An efficient method for qualitative screening of phosphatesolubilizing
bacteria,” Current Microbiology, vol. 43, pp. 51-56, 2001.

[31] C. P. Gerba, “Indicator Microorganisms,” in Environmental Microbiology, R. M. Maier, Ed.,
Amsterdam: Elsevier, 2009, pp. 485-499.

[32] M. Park, C. Kim, J. Yang, H. Lee, W. Shin, and S. Kim, “Isolation and characterization of
diazotrophic growth promoting bacteria from rhizosphere of agricultural crops of Korea,”
Microbiological Research, vol. 160, pp. 127-133, 2005.

[33] K. lhrmark, I. T. M. Bodeker, K. Cruz-Martinez et al., “New primers to amplify the fungal ITS2
region —evaluation by 454-sequencing of artificial and natural communities,” FEMS Microbiology
Ecology, vol. 82, pp. 666-677, 2012.

[34] C.D. Kane, R.L. Jason, E.P. Peffley, L.D. Thompson, C.J. Green, P. Pare, and D. Tissue, “Nutrient
solution and solution pH influences on onion growth and mineral content,” Journal of Plant Nutrition,
vol. 29, pp. 375-390, 2006.

[35] T. B. Tran,and T. B. T. Vo, “Vegetables,” Can Tho University Publishing House, 2019.

[36] A. Kovacs, A. Szabd, and B. E. Szabd, “Studies of the influences of different N fertilizers and
Microbion UNC bacterial fertilizer on the nutrient content of soil,” Acta Agraria Debreceniensis, pp.
134-140, (2010). [https://doi.org/10.34101/ACTAAGRAR/1/8391]

[37] A. A. Ajeng, R. Abdullah, M. A. Malek, et al., “The effects of biofetilizers on growth, soil fertility,
and nutrients uptake of oil palm (Elaeis guineensis) under greenhouse conditions,” Processes, vol. 8,
no. 1681, pp. 1-16, 2020.

http://jst.tnu.edu.vn 13 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34101/ACTAAGRAR/I/8391

TNU Journal of Science and Technology 227(03):3-14

[38] F. I. A. Hauka, M. M. B. Samia, A. H. Afifyy, et al., “Effect of using compost, mineral nitrogen and
biofertilizer on microbial population in the rhizosphere of wheat plants cultivated in sandy soil,” J.
Agric. Chemistry and Biotechnology, vol. 6, pp. 307-314, 2010.

[39] A. M. Shaheen, A. R. Fatma, and S. M. Singer, “Growing onion plants without chemical fertilization,”
Res. J. Agric. and Biol. Sci., vol. 3, no. 2, pp. 95-104, 2007.

[40] A. A. Kandil, A. N. E. Attia, A. E. Sharief, and A. A. A. Leilh, “Response of onion (Allium cepa L.)
yield to water stress and mineral biofertilization,” Acta Agronomica Hungarica, vol. 59, no. 4, pp.
361-370, 2011.

[41] B. B. M. Salim, and A. A. El-Yazied, “Effect of Bio-NP Fertilizer and Different Doses of Mineral N
and P Fertilizers on Growth, Yield Productivity and some Biochemical Constituents of Wheat, Faba
bean and Onion Plants,” Middle East J. Appl. Sci., vol. 5, no. 4, pp. 965-974, 2015.

[42] Y. X. Zhu, H. J. Gong, and J. L. Yin, “Role of silicon in mediationg salt tolerance in plants: a review”,
Plants, vol. 8, pp. 147, pp. 1-22, 2019.

[43] T. Balemi, N. Pal, and A. K. Saxena, “Response of onion (Allium cepa L.) to combined application of
biological and chemical nitrogenous fertilizers,” Acta Agriculturae Slovenica, vol. 89, no. 1, pp: 107-
114, 2007.

[44] B. Mahanthesh, M. R. P. Sajjan, V. Srinivasa, et al., “Studies on the influence of bio-fertilizers with
levels of NPK on the yield and processing qualities of onion (Allium cepa L.) cv. Bellary Red in rabi
season under irrigated situation,” Res. on Crops, vol. 9, no. 1, pp: 98-102, 2008.

http://jst.tnu.edu.vn 14 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

