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Abstract

The effect of three different nitrogen rates (0, 175 and 350 kg N/ha) and three entophytic bacteria of Bacillus
aryabhattai, Bacillus megaterium and Enterobacter asburiae on soil chemical attributes, growth and yield of baby
corn was researched outside net house in An Giang university during July of 2023. The experiment was designed
by using split plots based on randomized complete block design with nine treatments and four replications. Results
observed that different nitrogen fertilizer ratios affected significant on soil chemical properties (Available
phosphorous, total nitrogen and organic matter), cob length, cob diameter, biomass and ear number per plant.
However, nitrogen rates and entophytic bacteria were insignificantly affected plant height, leaf number and total
chlorophyll per plant. Interaction impact between nitrogen and bacteria was almost affected on yield composition,
fresh yield of baby corn parts. The highest edible cob yield (5.33 t/ha) was that of application of 350 kg N/ha and
5.39 t/ha at inoculation of Enterobacter asburiae. It is concluded that greatest dose of nitrogen and entophytic
bacterium for baby corn crop is 350 kgN/ ha and Enterobacter asburiae. It is also needed that enhance study
should be carried out under different rhizosphere entophytic bacteria
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INTRODUCTION

Corn (Zea mays L.) is an important food plant in the global economy. In the recent years,
domestic corn production has approximately reached 8.4% of agricultural production. Corn is
popularly used for food, cattle feed, and raw materials for industry as a source of exported
goods (FAO, 2005). Corn cultivation was not previously promoted due to little attention, but
since the development of science and technology and thanks to the policy encourages the area
and production to increase full potential (Amanullah et al., 2016). Promoting the growth and
increase the corn productivity, the following factors: soil, climate, varieties, fertilizers, farming
techniques, etc. are necessary, in which fertilizer is an important factor limiting the yield and
quality of crops.

If there is enough fertilizer for crops, new varieties promote yield potential. Fertilizers also
affect the quality of the product and the application of fertilizers is also a method of the
environmentally improvement. However, the for-fertilizer demand has been increasing day by
day for cultivating agriculture, which is mainly chemical fertilizers and high fertilizer prices
(Abay et al., 2021). Many previous studies showed that No-fixing entophytic bacteria that live
related to crops have the efficiency to raise plant growth and yield (Compant et al., 2010;
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George et al., 2012; Beneduzi et al., 2013). These entophytic bacteria have significantly related
rhizosphere soil and roots to crops due to demand to decrease the usage of inorganic fertilizers,
particularly when considering the cultivation of durable agriculture and protected environment
(Vale et al. 2010). One of the plans is to discover the profits that many entophytic bacteria
could promote to crops when amended as inoculation (Lucy et al., 2004).

One of the most important nutrients is nitrogen element in agricultural soils, due to its main
roles in various biochemical and physical processes of the plants (Leghari et al., 2016). Holl
and Vose, (1990) showed that protein of pea seeds was low when planting on poor soils of Na.
Nitrogen content of soil is below 10 kg/ ha before planting, which needed added application of
supplementary starter N> for better pea yield and quality (Huang et al., 2017). Conversely, the
application of high N2 level may decrease to the development of plants (Prasad et al., 2011).
The relationship between plant and other soil bacteria was composed a flora and soil fauna.
These relationships determine the multiform characteristic of the soil bacteria, although all
relations are all not positive for the plants.

Entophytic bacteria that have significantly found in the crop rhizosphere, combined with crop
roots. Although species of entophytic bacteria have only used in the condition of benefit
correlation and N fixation in which the bacteria promote in the plant growth. With above
reasons, why these entophytic bacteria are named plant growth promoting rhizobia (Vessey et
al., 2003; Lugtenberg and Kamilova, 2009). PGPR have popularly applied for poor nutrition
and population soils (Huang et al., 2004). Their positive influents are studied during many
recent years. PGPR are presently applied such as bio fertilizers and other application (Bohme
& Bohme, 2006). The positive activities of entophytic bacteria, which were firstly found out
by Lee et al. (2012), increased the Xanthium italicum growth Lee et al. (2015), Some species
dissolved zinc, phosphatase, raised the soybean productivity (Arafa et al., 2010). Entophytic
bacteria take atmospheric nitrogen by means of biological mechanism to contribute inorganic
N2 to increase the crop yield (Montafiez et al., 2009). The study objective select the best specie
was isolated and recognized to base their effect on the growth and yield of baby corns to use
for the next research.

MATERIALS AND METHODS
Isolation of entophytic bacteria from the maize roots and molecular identification

Surface sterilized roots were aseptically placed in nutrient agar (Nfb) media plates (5 seeds on
each plate). Then, plates were incubated at 27 °C in an incubator for 2-3 days. Emerging
colonies of bacteria from seeds were purified by transfer of bacteria on fresh NA plates.
Besides, the endophytic bacteria were also isolated by spreading the slurry of surface-sterilized
seeds on NA plates.

The maize roots were collected from local fields of Cho Moi district, An Giang province,
Vietnam. B. aryabhattai, B. megaterium and E. asburiae, three entophytic bacterial strains
were isolated and analyzed by genotypes of molecular identification from the maize roots
in the laboratory of An Giang university, used for this study. these entophytic bacteria that
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were identified through sequencing technology of 16S rRNA and phylogenetic position, were
used by blasting the 16S rRNA sequence on NCBI. The similar rates of the 16S rRNA sequence
of our target bacterium valued from 99.74 to 100% of the 16S rRNA sequence of our target
bacterium to these bacteria (Chuong et al., 2023)

Table 1: Homology percent of three species and accession number (Chuong et al., 2023)

Strains | References strains | Homology (%)
B2B Bacillus aryabhattai 100
V2 Bacillus megaterium 100
No.2 Enterobacter asburiae 99.74

Design and location of experiment

Time: the field experiment was designed between August 2023 and September 2023. The
experimental soil was silt sandy outside at the Agriculture Research Centre of An Giang
University. Baby maize seeds: B468 used in this research was collected at the Thong Do
company and origin of Thai Lan. Bacterium source: three entophytic bacterial species of B.
aryabhattai, B. megaterium and E. asburiae that were isolated from baby corn roots in baby
corn fields in Cho Moi District, An Giang Province, resulted by genotypes of molecular
identification from 99.74 to 100% of target bacterium. Three N rates were 0 kg N/ha, 175 kg
N/ha and 350 kg N/ha.

There were, superphosphate (400 kg P2Os/ha), and potassium chloride (80kg KCl/ha) were
used. An experiment had two factors included (i) three bacterial species (B. aryabhattai, B.
megaterium and E. asburiae) and (ii) three N> rates (0 kg N/ha, 175 kg N/ha and 350 kg N/ha)
with four replicates (Table 3). The whole area of study was 72 m? (1 m x 2 m x 04 repeats x 09
treatments). Baby corn seeds preparation and bacterial population increase: baby corn seeds
were incubated under dark conditions for germination one 24 hours before sowing. Then, baby
corn seeds were sprayed well with a 10 mL bacterial (108 CFU/ mL) before sowing and two
seeds per hole. The distance of hole was 30 cm and plot (Im x 2m) was 0.5 m. Soil samples
were taken 0-20 cm in the soil depth to determine the soil properties before experiment. Soil
samples determined the physical — chemical properties by methods of Carter & Gregoric,
(2007).

Withdrawal of flowers is a very importantly technical measure for baby corn, especially
bringing high efficiency, focusing on nutrition for fast growing corn, shortening growth time,
and increasing baby corn weight. Usually 45 - 50 days after sowing or before harvest is carried
out to withdraw the corn flowers. Agronomy, yield components and grain yield, which were
counted by during growth time of corn, counted such as height, number of branch, chlorophyill,
diameter and length of pods, biomass, fresh weight of pods, corn silks, husks and cob per plant.
The fresh yield was recorded by t/ha for fresh pods.

All chemical properties of the soil before the experiment such as pH (6.5), OM (1.8 %), CEC
(1.10 cmol*/kg), total N (0.1%), the available phosphorus (2.80 mg/100g) and exchangeable K
(undetected) were very low contents, which was unsuitable to develop crops due to lack of
nutrients. Entophytic bacterial are strongly needed by exchangeable K and available
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phosphorus, which are essential elements to support both rhizosphere bacteria and baby corns
for promoting the plant development and Rhizobia life. Especially, experimental soil potassium
was undetected at all samples. In general, studied soil that was very low nutrients, was silt sand
(Table 2).

Table 2: Soil properties before the experimental design (n = 5, 0-20 in soil depth)

Soil properties Soil texture (%)
pHu2o | OM CEC Total N | Available P | Exchangeable Sand | silt | clay
(%) | (cmol*/kg) (%) (mg/100g) K (cmol*/kg)

6.5 1.80 1.10 0.1 2.8 undetected 80.3 | 184 ] 1.30
Table 3: N fertilizer raters and three entophytic bacteria (10%CFU/mL) in experimental
treatments

Treament Nitrogen | Ph((l)(sg[;llll;))r | Potassium
0
Bacillus aryabhattai 175
350
0
Bacillus megaterium 175 400 80
350
0
Enterobacter asburiae 175
350

Statistical analysis

The statistical data were analyzed by using statgraphics software version XV. The Microsoft
Excel version 2013 was used to proceed the data the one-way and Multifactor ANOVA analysis
of variance and was used to determine the data and the significance and compare LSD (standard
deviation).

RESULTS AND DISCUSSION

Effects of N2 fertilizer rates and entophytic bacteria on the Soil Properties

Table 4: chemical properties of soil at harvest

Soil chemical properties
Factor pH m20 | Total nitrogen (%) Avalla?lﬁgll);l (;)(:g)h orous Organic matter (%)

Nitrogen rates (kg/ha) (A)

0.00 7.32 0.077° 34.6¢ 0.987°¢

175 6.86 0.1272 90.9° 1.26°

350 7.15 0.1272 68.9° 1.53¢2
Entophytic bacteria (10)CFU/mL) (B)

B. aryabhattai 6.95 0.1272 49.0° 1.40?

B. megaterium 7.01 0.010°¢ 66.4° 1.11¢

E. asburiae 7.37 0.103° 78.9% 1.26°
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F (A) ns e ok ok
F (B) ns e ok ok
F (AxB) ns e ok ok
CV (%) 9.21 17.9 19.1 28.0

The different letters in the same column indicate significant differences at 1% (**), and
insignificant difference at 5% (ns); DAS: days after sowing; CV: coefficient of variation.

The results of Table 4 showed that soil pH valued from 6.86 to 7.32 at three N fertilizer rates
(0, 175 and 350 kg N/ha) and 6.95 to 7.37 at three entophytic bacteria (B. aryabhattai, B.
megaterium and E. asburiae) after the experiment and insignificant differences at level 5%.
Furthermore, there was not the interaction between both N2 raters and entophytic bacterial
strains. The influence of entophytic bacterial strains and N fertilizer raters on soil pH was
proved no interaction between the rhizosphere bacteria and N fertilizer rates on the soil pH
(Ren et al., 2015). pH of soil could be affected by N> fertilizer application or rhizosphere
bacterium inoculum when the soil Eh (oxidation-reduction) was from —50 to —150mV
(Charyulu et al., 1981)

Total nitrogen (N) of soil

The total N of the soil at harvest ranged from 0.077 to 0.127 (%) in treatments of three N>
fertilizer rates and the difference was statistical significance by level 1%. The maximum total
N content of soil was 0.127 % at two N2 fertilizer rates (175 and 350 kg N/ha) and minimum
total N value (0.0 77 %) obtained at control treatment (without nitrogen application). Similar,
three entophytic bacteria had total N of soil at harvest from 0.01 to 0.127 (%). The highest total
N2 value was 0.127 (%) at B. aryabhattai inoculum and the lowest values of B. megaterium
inoculation (0.01%) and significant differences at level 1%.

Results of table 4 presented that individual influence of different N> fertilizer rates and different
entophytic bacterial strains was remarked effect on the total nitrogen of agriculture at 1%,
further, their interaction was significant in both factors (Table 4) The important role of
entophytic bacterial strains that was found out by scientists for raising the soil fertility, growth,
and yield of crops in recent years, has widely recognized and become a new discovery in the
agricultural field (Wang et al., 2010). Entophytic bacteria, which play an exceptional role in
the exchangeable process of nitrogen from the air into NH4* and NOs", involved in N2 fixing
processes (Peng et al., 2022). The crop rhizosphere is the most living environment of crops,
soil, and soil bacteria.

Crop roots take N2 from the root soil area in order to supply nutrition for growth and N2
insufficiency is a direct impact on growth, development, productivity, and quality of crops. the
Urea is one of the most universal N> fertilizers, which contains N2 in crop application, and it is
numerous produced to guarantee global food production and enhance agricultural cultivation.
N fertilizers are rapidly replaced to ammonium by N fixing microbial in soils. The soil urease
activity of soil can be raised, promoting it to hydrolyze urea and increase NH4™-N content,
enhancing nitrification to form NO3z'N after urea application to the soil (Peng et al., 2022).
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Available phosphorous (P) of soil

Nitrogen rates (p<0.01), entophytic bacterial trains (p<0.01) and their interaction (p<0.01) had
remarkably affected on available phosphorous of crop soil (Table 4). While the interaction of
N rates x entophytic bacterial trains, which was significant and mean values for each treatment
combination, are presented in Table 4. Comparison of interaction impact showed that among
all interactions, the maximum available phosphorous (90.9 mg/100g) was recorded in the co-
application of 175 kg N2/ ha, while the minimum value of 0.0 kg N2/ ha was 34.6 mg/100g.
There were the significant differences among entophytic bacterial trains at level 1%. Available
phosphorous values ranged from 34.6 to 90.9 mg/100g at three N rates and 49.0 to 78.9
mg/100g at entophytic bacterial trains. The highest available phosphorous of soil at harvest
78.9 mg/100g obtained at treatment of E. asburiae inoculant and the lowest value of 49.0
mg/100g at B. aryabhattai inoculant. Ma et al., (2021) showed that relative to N2 application
and entophytic bacterial inoculation had fewer effect on available phosphorous of crop soil. It
also found out that co-application inorganic nitrogen and entophytic bacterial inoculation was
insignificantly affected on available phosphorous of crop soil. However, inorganic P
application was a stronger effect on bacterial communities compared to organic P (Xia et al.,
2020; Ran et al., 2021)

Organic matter (OM) of soil

The results of Table 4 presented that the soil OM at harvest valued from 0.978 to 1.53% at
three N rates and 1.11 to 1.40% at entophytic bacterial strains, and their interaction (p<0.01).
Soil OM obtained the maximum content in 350 kg N/ha and minimum in 0.00 kg N/ha. Similar,
the treatment of B. aryabhattai inoculum obtained the highest OM values was 1.40% and
minimum value of B. megaterium inoculant. The soil OM contents of three N> rates and
entophytic bacterial strains had the interaction at 1%. According to previous research results of
Leu, (2005) and Monaco et al. (2008), proved that correlation between entophytic bacteria and
crops released over 50% of the total CO: released from rhizosphere soil area. The soil carbon
exchanges in large quantity have been discovered in interaction between entophytic bacteria
and plant roots. Entophytic bacteria are the increase or decrease of soil organic matter exchange
by roots and rhizosphere bacteria (Bade and Cheng, 2007), and is one of the most important
attribute of rhizosphere bacteria and root correlation (Bengtson et al., 2012).

Effects of N2 fertilizer rates and entophytic bacteria on baby corn agronomy composition

The studied results of Grazia et al. (2003) and Normohammadi et al. (2001) showed that plant
height could be raised by nitrogen application. However, plant height, leaf number and total
chlorophyll of co-application of three different N> fertilizer ratios and three entophytic bacterial
strains were not interaction at level 5% in 15 and 30 DAS. Similarly, the interaction of N>
ratesx bacterial strains revealed insignificant impact on producing plant height and leaf number
(excepting total chlorophyll) (Table 5)
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Table 5: agronomy composition of baby corn

Factors Plant height (cm) Leaf number (leaf/plant) | Total chlorophyll (pg /mL)
15DAS | 30DAS | 15DAS | 30DAS | 15DAS 30 DAS

Nitrogen rates (kg/ha) (A)
0.00 28.8 60.2 5.65 8.60 35.3° 39.7
175 27.7 594 6.30 9.00 38.6° 40.9
350 26.5 66.8 5.60 8.83 38.6° 39.9
Entophytic bacteria (10)CFU/mL) (B)
B. aryabhattai 24.4 62.5 5.49 8.46 36.4 38,8
B. megaterium 30.7 65.2 5.81 8.89 37.7 40.9
E. asburiae 28.,0 58.8 6.26 9.08 38.4 40.8
F (A) ns ns ns ns * ns
F (B) ns ns ns ns ns ns
F(AxB) ns ns ns ns ns *
CV (%) 12.8 22.0 14.2 14.1 9.19 8.58

The different letters in the same column indicate significant differences at 5% (#), at 1% (**),
and insignificant difference at 5% (ns); DAS: days after sowing; CV: coefficient of variation.

Effects of N2 fertilizer rates and entophytic bacteria on baby corn Yield attributes and
yield

Table 6: Cob length, cob diameter, plant biomass and ear number of baby corn

Factors Cob length (cm) | Cob diameter (cm) | Biomass (kg/plant) ]E:ea;r;:ﬁzi;
Nitrogen rates (kg/ha) (A)
0.00 8.66° 0.98° 0.764° 3.19
175 9.14% 1.10° 0.775° 3.08
350 9.81? 1.26* 0.966* 3.46
Entophytic bacteria (103CFU/mL) (B)
B. aryabhattai 8.67° 0.99¢ 0.957* 2.63°
B. megaterium 9.21° 1.10° 0.759¢ 3.04°
E. asburiae 9.732 1.242 0.789° 4.06*
F (A) sk ok * ns
F (B) sk ok * sk
F (Ax B) ns ns ns ok
CV (%) 7.06 14.9 25.5 24.6

The different letters in the same column indicate significant differences at 5% (), at 1% (**),
and insignificant difference at 5% (ns); DAS: days after sowing; CV: coefficient of variation.

Lesser N> application (0 kg urea/ ha) recorded significantly lower cob length and cob diameter
by 8.66 and 0.98 cm, respectively, over higher N> levels (175 and 350 kg N/ha). The results of
Table 5 showed that, among all inoculation of thee Entophytic bacterial strains (Bacillus
aryabhattai, Bacillus megaterium and Enterobacter asburiae), Enterobacter asburiae cob length
obtained the maximum cob length (9.73 cm) cob diameter (1.24 cm) comperation as compared
to Bacillus aryabhattai, Bacillus megaterium. However, there were not interaction between thee
N> ratios and thee entophytic bacterial strains revealed insignificant effect on producing cob
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length and cob diameter (Table 5). Nitrogen rates (p<0.05), bacterial strains (p<<0.05), but their
interaction had insignificant affected on baby corn biomass (Table 6). The biomass at harvest
valued from 0.764 to 0.966 kg/plant at three N fertilizer rates and 0.759 to 0.957 kg/plant at
entophytic bacterial strains, and no interaction. Biomass obtained the maximum weight (0.957
kg/plant) in dose of 350 kg N/ha and minimum value (0.764 kg/plant) in dose of without N>
application.

Furthermore, the highest biomass (0.957 kg/plant) observed at B. aryabhattai inoculation and
lowest weight of biomass (0.759 kg/plant) in treatment of B. megaterium inoculant. However,
their interaction of N rates x bacterial strains was insignificant; mean values for each
combination are presented in Table 6.

One of yield traits in this research was the ear number per plant, results presented that this trait
was insignificantly impacted by nitrogen that among all corrections. Nevertheless, there was
significantly interacted by three bacterial strains at level 1%, and ranged from 2.63 to 4.06
ears/plant. The maximum value of ear number was 4.06 ears/plant in E. asburiae inoculation
and minimum number of ears was 2.63 ears/plant in treatment of B. aryabhattai inoculation.
Corn yield components is remarkably affected by a number of environmental and soil factors,
including cultivated technology, soil bacteria and soil fertility, irrigation water etc. (Zhai et al.,
2019).

A recent research of the yield compositions of 7686 rice varieties from 1978 to 2017 in China,
which was studied the relation between yield and other agronomic attributes. Results showed
that their relationship between yield and other agronomic attributes were significant (Li et al.,
2019)

Table 7: yield attributes and yield of baby corn

Factors Fresh yield of corn parts (t/ha)
Ear | Silk | Husk | Cob (edible part)

Nitrogen rates (kg/ha) (A)
0.0 8.49° | 1.49* | 951 1.97°
175 12.0° | 1.40° | 6.96 5.02°
350 13.32 | 2.14* | 7.27 5.33%
Entophytic bacteria (10)CFU/mL) (B)
B. aryabhattai 9.43% | 1.76® | 7.18 2.55¢
B. megaterium 103 | 1.28° | 8.13 4.26°
E. asburiae 14.0° | 1.99* | 8.43 5.492
F (A) Hok Hok ns ®k
F (B) Hok Hok ns ®k
F (Ax B) ns *k * *ok
CV (%) 19.3 17.1 18.6 17.2

The different letters in the same column indicate significant differences at 5% (#), (ns); DAS:
days after sowing; CV: coefficient of variation.
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The maximum average fresh yield of corn ear (13.3 t/ha) in the application of 350 kg N/ha, the
minimum fresh yield of corn ear (8.49 t/ha) at without N2 application. The average yield of
corn ear valued from 8.49 to 13.3 t/ha at application of different N> fertilizer rates. Maximum
fresh yield of corn ear (14.0 t/ha) was recorded at E. asburiae inoculum against the minimum
(9.43 t/ha) at B. aryabhattai inoculum. The interaction of N rates or entophytic bacteria was
significant (p<0.01) alone; mean values for each treatment are presented in Table 7. However,
the interaction of N2 rates x entophytic bacteria was not significant differences on fresh yield
of corn ear. Nonetheless, the interaction of N2 rates x entophytic bacteria was significant
differences (p<0.01) on the silk weight; mean values for each treatment combination are
presented in Table 7.

Means comparison of interactive impact showed that among all interactions, the highest silk
weight (2.14 t/ha) was obtained in the application of 350 kg N/ha, the lowest fresh yield of
baby corn silk showed 1.49 t/ha in the application of 175kg N/ha. The average fresh silk yield
(P<0.01) ranged from 1.40 to 2.14 t/ha at nitrogen rates, and 1.28 to 1.99 t/ha at entophytic
bacteria. The maximum average silk yield obtained at treatment of E. asburiae (1.99 t/ha) and
lowest value (1.28 t/ha) of B. megaterium inoculant.

Their interaction of N rates x Entophytic bacteria was insignificant differences (P < 0.01) on
the fresh silk yield. The results in Table 7 showed that there were not significant differences at
p < 0.05 among treatments of three N fertilizer rates (0, 175 and 350 kg/ha) and three
entophytic bacteria on fresh yield of baby corn husk. Nonetheless their interaction of N rates x
Entophytic bacteria was significantly different at level 5% on fresh yield of baby corn husk.
Nitrogen ratios (p<0.01), entophytic bacteria (p<0.01) and their interaction (p<0.01) had
significant effect on fresh yield of baby corn cob (edible part). Data on Table 7 showed that
maximum cob (edible part) (5.33 t/ha) was recorded at highest N2 levels (350 kg N/ha), in
contrast, non-application of this N2 fertilizer produced minimum (1.97 t/ha).

The maximum fresh cob yield (5.49 t/ha) was obtained at E. asburiae inoculation, in contrast,
B. aryabhattai inoculation produced minimum value (2.55 t/ha). Yang et al., (2021), showed
that nitrogen application significantly raised crop yield attributes and yield. nevertheless, the
results of research observed that N fertilizer application was less effect on rhizosphere
entophytic bacteria and the effect was really only at the nodules of legume. This was though
the significant influences of N2 content on the soil fertility, and the high interaction between
soil nutrition and the rhizosphere entophytic bacteria population. Studied results proved that
the different entophytic bacterium inoculum for crop may be influenced by soil chemical
composition or crop discharges, which has not found out. Furthermore, entophytic bacteria may
be used as an available bacterium to enhance growth and yield of crops (Abdel-Gayed et al.,
2019).
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CONCLUSION

The new findings of this research are concluded that application of different N> rates was a less
effect on the entophytic bacteria, and available efficiency was significantly found out on soil
chemical properties at harvest as total nitrogen, available phosphorous and organic matter. In
the different N ratios and rhizosphere entophytic bacteria, significantly higher yield attributes
and yield of baby corn such as ear number and fresh yield of sink, husk and cod was recorded
with significant interaction between N rates and entophytic bacteria. The individual effects of
N> rates (A) and entophytic bacteria (B) were also significantly higher leading to directing
higher fresh yield of baby corn parts. Especially, application of 350 kg N/ha combined with E.
asburiae, which had to the highest fresh yield of edible cobs.

References

1) Canbolat, M., Bilen, S., Cakmakgi, R., Sahin, F., & Aydi, A. (2006). Effect of plant growth-promoting
bacteria and soil compaction on barley seeding growth, nutrient uptake, soil properties and rhizosphere
microflora. Biol Fertil Soils. 2006;4(3):350-357.

2) George, P., Gupta, A., Gopal, M., Thomas, L., & Thomas, G.V. (2012). Multifarious beneficial traits and
plant growth promoting potential of Serratia marcescens KiSll and Enterobacter sp. RNF 267 isolated from
the rhizosphere of coconut palms (Cocos nucifera L.) World J Microb Biot. 4(1):109-117

3) Bernardes FS, Patricio FRA, Santos AS, Freitas SS. Inducdo de resisténcia sistémica por rizobactérias em
cultivos hidrop6nicos. Summa Phytopathol. 2010;4(2):115-121

4) Vale, M., Seldin, L., Aratjo, F.F., & Lima, R. (2010). Maheshwari DK (ed) Plant growth and health
promoting bacteria Springer, Berlin; Plant growth promoting rhizobacteria: fundamentals and applications;
pp. 21-43.

5) Lucy, M., Reed, E., & Glick, B.R. (2004). Application of free living plant growth-promoting rhizobacteria.
Antonie van Leewenhoek. 4:1-25.

6) Amanullah, Igbal, A., Ali, A., Fahad, S., & Parmar, B. (2016). Nitrogen source and rate management
improve maize productivity of smallholders under semiarid climates. Front. Plant Sci. 7:1773.

7)  Amanullah, Khattak, A. R., and Khalil, S. K. (2009). Plant density and nitrogen effects on maize phenology
and grain yield. J. Plant. Nutri. 32, 246-260.

8) Abay, K. A, Abay, M. H., Amare, M., Berhane, G., & Aynekulu, E. (2021). A mismatch between soil
nutrient requirements and fertilizer applications: Implications for yield responses in Ethiopia. Discussion
Paper 2031. International Food Policy Research Institute (IFPRI).

9) Leghari, N.A., Wahocho, G.M., Laghari, A., HafeezLaghari, G., MustafaBhabhan, K., HussainTalpur, T.A.,
Bhutto, S.A., Wahocho, A.A., & Lashari. (2016). Role of nitrogen for plant growth and development: a
review Adv. Environ. Biol. 10 (9), 209-218.

10) Holl, F.B. & Vose, J.R. (1990). Carbohydrate and protein accumulation in the developing field pea seed Can.
J. Plant Sci. 60 (4), 1109-1114.

11) Huang, J., Afshar, R.K., Tao, R. & Chen, C. (2017). Efficacy of starter n fertilizer and rhizobia inoculant in
dry pea (Pisum Sativum Linn.) production in a semi-arid temperate environment Soil Sci. Plant Nutr. 63 (3),
248-253

12) Prasad, V.V.G., Kakani, & Upadhyaya, V. (2011). Growth and production of groundnut. The Origin and
History of the Groundnut. 26, 1-10.

@ 808V 18.108



Seybeld

13)
14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)
30)

REPORT

ISSN:1333-9212 DOI: 10.5281/zenodo.8288981

Vessey, J,K. (2003). Plant growth promoting rhizobacteria as biofertilizers. Plant Soil, 255(2), 571-86.

Lugtenberg, B. & Kamilova, F. (2009). Plant-Growth-Promoting Rhizobacteria. Annu Rev Microbiol. 63,
541-56.

Bohme, L. & Bohme, F. (2006). Soil microbiological and biochemical properties affected by plant
growth and different long-term fertilisation. Eur J Soil Biol. 42(1),1-12.

Lee, S., Ka, J.O. & Song, H.G. (2012). Growth Promotion of Xanthium italicum by Application of
Rhizobacterial Isolates of Bacillus aryabhattai in Microcosm Soil. J Microbiol. 50(1),45-9.

Lee, L., Gupta, D., Apte, S., Krishnamurthi, S. & Saha, P. (2015). Degradation of organophosphate
insecticide by a novel Bacillus aryabhattai strain SanPS1, isolated from soil of agricultural field in Burdwan,
West Bengal, India. Int Biodeterior Biodegrad. 103,191-5.

Arafa, R.A.M., EI-Rahmany, T.A., Abd EI-Ghany, B.F. & El-Shazly, MM. (2010). Role of some effective
microorganisms in improving soil properties and productivity of peanut under North Sinai conditions.
Research Journal of Agriculture and Biological Sciences. 6, 228-246.

Montafiez, A., Abreu, C., Gill, P.R., Hardarson, G. & Sicardi, M. (2009). Biological nitrogen fixation in
maize (Zea mays L.) by 15 N isotope-dilution and identification of associated culturable
diazotrophs. Biology and Fertility of Soils. 45(3),253-263.

Chuong, N.V., Trang, N.N.P, Tri, T.L.K.T., Loan, L.T.T.L., Son, N.T.T.S., Tuan, H.T. & Cuong, T.V.
(2023). Isolation and Genomic Identification of Rhizosphere N-Fixing Bacteria from groundnut nodules.
Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition). 42, 141-
151.

Carterand, M.R. & Gregorich,E.G. (2007). Soil sampling and methods of analysis. Second Edition, Virgil:
Georgics (11, 490).

Ren, T.; Li, H.; Lu, J.; Bu, R.; Li, X.; Cong, R. & Lu, M. (2015). Crop rotation-dependent yield responses
to fertilization in winter oilseed rape (Brassica napus L.). Crop J. 3, 396-404.

Charyulu, P.B.B.N., Rajaramamohan, V. & Rao. (1980). Influence of various soil factors on nitrogen fixation
by Azospirillum spp. Soil Biology and Biochemistry. 12(4), 343-346.

Wang, B., Yuan, L., Zhang, S.Q., Lin, Z.A., Zhao, B.Q., & Li, Y.T. (2010). Fusion of glucose into urea
affects the urea hydroxylation and enzyme activities in fluvo-aquic soil. J. Plant Nutr. Fert. 26, 1827-1837.

Peng, N., Oladele, O., Song, X., Ju, X., Jia, Z., H Hu, et al. (2022). Opportunities and approaches for
manipulating soil-plant microbiomes for effective crop nitrogen use in agroecosystems. Front. Agric. Sci.
Eng. 2022; 9, 333-343.

Ma, S., Chen, G., Tang, W., Xing, A., Chen, X., Xiao, W., et al. (2021). Inconsistent responses of soil
microbial community structure and enzyme activity to nitrogen and phosphorus additions in two tropical
forests. Plant Soil. 460, 453-468.

Xia, Z., Yang, J., Sang, C., Wang, X., Sun, L., Jiang, P., et al. (2020). Phosphorus reduces negative effects
of nitrogen addition on soil microbial communities and functions. Microorganisms 8 (11), 1828.

Ran, J., Liu, X., Hui, X., Ma, Q., & Liu J. (2021). Differentiating bacterial community responses to long-
term phosphorus fertilization in wheat bulk and rhizosphere soils on the loess plateau. Appl. Soil Ecol. 166-
172.

Leu, A.F. (2005). Organic lychee and rambutan production. Acta Hort. 665, 241-248.

Monacoa, S., Hatchb, D.J., Saccoa, D., Bertoraa, C., & Grignania, C. (2008). Changes in chemical and
biochemical soil properties induced by 11-yr repeated additions of different organic materials in maize-based

@ 809V 18.108



Seybeld

31)

32)

33)

34)

35)

36)

REPORT

ISSN:1333-9212 DOI: 10.5281/zenodo.8288981

forage systems. Soil Biology & Biochemistry. 40(3), 608-615.

Bade, N.E., & Cheng, W.X. (2007). Rhizosphere priming effect of Populus fremontii obscures the
temperature sensitivity of soil organic carbon respiration. Soil Biology & Biochemistry. 39, 600— 606.

Bengtson, P., Barker, J., & Grayston, S.T. (2012). Evidence of a strong coupling between root exudation, C
and N availability, and stimulated SOM decomposition caused by rhizosphere priming effects. Ecology and
Evolution. 2, 1843— 1852.

Zhai, L., Xu, P., Zhang, Z., Wei, B., Jia, X., & Zhang, L. (2019). Improvements in grain yield and nitrogen
use efficiency of summer maize by optimizing tillage practice and nitrogen application rate. Agronomy
Journal, 111(2): 666—676.

Li, R, Li, M., Ashraf, U., Liu, S., and Zhang, J. (2019). Exploring the relationships between yield and yield
related traits for rice varieties released in China from 1978 to 2017. Frontiers in Plant Science,

Yang, Z., Xiao, Z.S., Chen, S., Liu, J., Zhu, W., Xu, Q., Li, L., Guo, F. & Lan, L. (2021). Effect of nitrogen
application rates on the yield and quality of different oleic peanuts. Journal of Henan Agricultural Sciences.
50(9), 44-52. doi: 10.15933/j.cnki.1004-3268.2021.09.006.

Abdel-Gayed, M., Ahmad, Abo-Zaid, G., Attia, Matar, S., Mohamed, Hafez, E., & Elsayed. (2019).
Fermentation, formulation and evaluation of PGPR Bacillus subtilis isolate as a bio agent for reducing
occurrence of peanut soil-borne diseases. Journal of Integrative Agriculture, 18(9), 2080-2092

@ 810V 18.108



