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Abstract

Plant growth promotion of the best two strains: Serratia oryzae CT4b and Bacillus subtilis TPD3b together with chemical
nitrogen and phosphorus fertilizers were continuously evaluated on sugarcane cultivated on Acrisols of Tay Ninh
province, Vietnam in pots and field experiments. The experiments were arranged into a Split-Plot Design with four
replications. The main plot factor was N-P fertilizer at five levels: without N-P, 25% N-P, 50% N-P, 75% N-P and 100%
N-P for the pot experiment and at four levels: without N-P; 50% N-P; 75% N-P; and 100% N-P for the field experiment.
The sub-plot factor was bacterial inoculation with 4 treatments: no bacteria; CT4bd; TPD3b; and mixture of both.
Recommended amount of nitrogen and phosphorus fertilizers for sugarcane planted on Acrisols of Tay Ninh province
were 200 kg N, 160 kg P20s in a hectare. The results showed that a combination of two bacteria had the highest plant
growth stimulation potential. The mixture at rate of 75% N- P fertilizers produced sugarcane yield equal to that at level
of 100% N-P fertilizer without bacteria in the pot experiment; increased sugar yield by 14.4%, equivalent to 1.02 ton /
ha in the field trial and saved 25% of N-P fertilizer application. These two potential strains were proposed to be tested
their ability to promote plant growth on many different sugarcane varieties in both plant-cane and ratoon crops in
different material sugarcane areas of Tay Ninh province.
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1. Introduction

Sugarcane was cultivated in over 110 tropical and subtropical countries in which Brazil and India occupied 50 percent
of global production. In growth and development, sugarcane required a massive amount of nutrients. Together with
other essential elements, phosphorus, nitrogen were vital precursors for a lot of biosynthesizes such as photosynthesis
and amino acid synthesis and nitrogen, an important yield limiting factor was sufficiently applied [1].

In order to maximize yields and sucrose component, sugarcane producers often applied high rates of nitrogen (N)
fertilizer. While N fertilizer used for one hectare was in the range of from 120 to 300 kg. In average, crops only used 50
per cent of N fertilizer applied [2]. There were many reasons for the low fertilizer use efficiency such as high soil
nitrification rates and N leaching and denitrification by weather extremes [3]. Excessive use of N fertilizers increased
production costs and caused negative effects on environment and human health.

One of various methods of increasing sugarcane yield, available soil nitrogen, applied fertilizers but low production cost
was the use of microorganisms capable of promoting crop growth [4]. Field studies of inoculant efficiency reported that
diazotrophic bacteria increased stem and dry matter yield of various sugarcane varieties. These bacteria concluded
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endophytic and rhizopheric bacteria. There were physical, chemical and biological differences in endophytic and
rhizospheric environments. Thus, different bacterial communities grew at each site. However, bacteria could colonize
both within plants and in the rihzospheric soil such as Enterobacteria [5]. Mechanisms of their plant growth promoting
activities were similar and involved in capacities of biological nitrogen fixation, mineral solubilization, plant
phytohormone production and pathogen biocontrol [6]. Besides these, endophytic and rihzopheric bacteria could
benefit the sugarcane through other mechanisms that promoted availability and uptake of mineral nutrients [7].
Specially, colonization of endophytic and rhizopheric bacteria did not provoke any host plant defense [2].

The aims of the present study were to evaluate efficiency of two indigenous bacteria strains isolated from sugarcane
cultivated in Tay Ninh Province, Vietnam with the best in vitro plant growth promotion on agronomic properties and
yields of sugarcane planted Tay Ninh province, Vietnam. Up to now, this was the first investigation of a natural
association between indigenous plant growth promoting bacteria and sugarcane in Vietnam.

2. Material and methods

2.1. Experiment site

The experiments were conducted at C1-TSX Experimental Station, Thanh Thanh Cong Sugarcane Research and
Development Center (SRDC), 99 Binh Hoa, Chau Thanh district, Tay Ninh province in Vietnam from April 2019 to March,
2020. The Acrisols were nutrient - poor soils with pH 6.05; total N 0.058%; available P 112. 52 ppm and total organic
matter 1.47%.

2.2. Bacterial isolates and bacterial preparation

Two bacterial strains used in this study were Serratia oryzae Serratia oryzae CT4bd, an endophytic bacterium of local
sugarcane and Bacillus subtilis Bacillus subtilis TPD3b, a rhizopheric bacterium of local sugarcane evaluated the best
efficiency on in vitro in vitro plant growth promotion [8, 9, 10]. The bacterial strains were separately prepared by
growing in LG media at 28+2 0C for 48 hours. Bacterial cell suspensions had density of approximately 1.5 x 108 CFU
mL-1, corresponding to 0.5 of McFarland Turbidity Standard [11].

2.3. Sugarcane cuttings

Trial sugarcane in this study was Saccharum officium L. var K95-156, supplied by Thanh Thanh Cong Sugarcane
Research and Development Center was used. Six-months old cuttings with three good offsets without disease signals
were used.

2.4. Inoculation of sugarcane cuttings with bacterial suspensions

The sugarcane cuttings were completely immersed in basins with 200L inoculum with 1.5 x 106 CFU mL™ of Serratia
oryzae CT4bd or Bacillus subtilis TPD3b or their combination. For the control treatment, sugarcane cuttings were
immersed in basins of 200L water without the bacteria. Inoculating time was about two hours [1].

2.5. Pot-experiment

Sugarcane inoculated and control cuttings were put in plastic containers (40x30x20 cm?3) with 20 dm?3 Acrisol soil which
was taken from Experimental Station of the Thanh Thanh Cong Sugarcane Research and Development Center, and
covered with a soil layer of 2 - 3 cm.

The experiment was arranged into a Split-Plot Design [12] with 5 blocks. Each block was separate about 15 cm apart
and contained 4 main plots. One main plots consisted of 4 subplots. The main plot factor was fertilizer (N-P) at five
levels: FO without N and P; F1 with 25% N and 25% P; F2 with 50% N and 50% P; F3 with 75% N and 75% P; and F4
with 100% N and 100% P. The sub-plot factor was bacterial inoculation with 4 treatments: (B0): no bacteria; (B1):
Serratia oryzae CT4bd; (B2): Bacillus subtilis TPD3b; (B3): mixture of Serratia oryzae CT4bd and Bacillus subtilis TPD3b.
The experiment was conducted with four replications. The experiment had total of 80 pots placed with distance between
two pots about 30x10 cm (Figure).

Inorganic N-P-K fertilizers applied for sugarcane were recommended by Thanh Thanh Cong Sugarcane Research and
Development Center as follows: 200 kg N, 160 kg P20s, 240 kg K20 in a hectare of sugarcane planted on the Acrisol soil.
Fertilizer application was divided three times. Basal fertilization was applied with whole phosphorous fertilizer
(100%), 1/3 nitrogen fertilizer, and 1/3 potassium fertilizer. The first top dressing fertilization was carried out with
1/3 nitrogen fertilizer and 1/3 potassium fertilizer when sugarcane plants with 3-4 leaves were one and a half months
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old. The remained nitrogen and potassium fertilizer were fertilized sugarcane plants when they had 9-10 leaves and
were four-five months old. Watering for sugarcane plants was carried out two-three times per week. Other cares for
sugarcane were followed recommendations of Thanh Thanh Cong Sugarcane Research and Development Center.
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Figure 1 Experiment diagram of the pot-experiment with 4 replications and total number of 80 pots

(FO): without N, P; (F1): 25% N [50 kg N / ha] and 25% P [40 kg P20s / ha]; (F2): 50% N [100 kg N / ha] and 50% P [80
kg P20s / ha]; (F3):75% N [150 kg N / ha] and 75% P [120 kg P20s / ha]; (F4) 100% N [200 kg N / ha] and 100% P. [160
kg P20s / ha]; (B0):no inoculation; (B1): Serratia oryzae CT4bd; (B2); Bacillus subtilis TPD3b; (B3): mixture of Serratia
oryzae CT4bd and Bacillus subtilis TPD3b

After180 days of planting, sugarcane plants were harvested to measure plant height with a tape measure, diameter of
stem with a caliper at middle tree (cm), count number of internodes, measure degree Brix with Hand Refractometer and
calculate commercial cane sugar CCS (%) (*), stalk yield (ton/ha) and sugar yield (CCS% x stalk yield). Through these
criteria, PGPB’s effects on sugarcane planted in post were evaluated.

(*)

Bx 4. + Bx
CCS (%)= "9 L 0,66 - 3.5

2

2.6. Field Experiment

The experiment was arranged into a Split-Plot Design [12]. The experiment area was divided into 4 blocks. Each block
was separate about 1.5 m apart and contained 4 main plots. One main plot consisted of 4 subplots. Area of one subplot
was 42 m? (15x2.8 m?) (Figure 2).

The main plot factor was fertilizer (N-P) with 4 levels: FO without N and P; F1 with 50% N [100 kg N/ha] and 50% P [80
kg P20s / ha]; F2 with 75% N [150 kg N / ha] and 75% P [120 kg P20s / ha] and F3 100% N [200 kg N / ha] and 100% P
[160 kg P20s / ha]. The subplot factor was bacterial inoculation with 4 treatments: BO with no bacteria; B1with Serratia
oryzae CT4bd; B2 with Bacillus subtilis TPD3b; and B3 with mixture of Serratia oryzae CT4bd and Bacillus subtilis TPD3b.
Each treatment was with 4 replications.

Soil preparation contained steps of ploughing, harrowing and furrowing. Depth of furrows was 30 cm. The furrow
bottom was loosened to about 10 cm. Each subplot consisted of two furrows. The sugarcane inoculated and control
cuttings were put down the furrows and covered with a 2-3 cm soil layer. Procedure of fertilization, watering and other
cares for sugarcane were carried out as in the pot experiment.

The sugarcane plants were harvested after 12 months of planting. Evaluations of plant growth promotion bacteria’s
effect on sugarcane were carried out through stem height (cm), stem diameter (cm), number of internodes, degree Brix
(%), CCS (%), stem yield (ton / ha) and sugar yield (ton / ha).
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Figure 2 Field Experimental diagram with 4 replications and total number of 64 plots

(FO): without N, P; (F1): 50% N [100 kg N/ha] and 50% P [80 kg P20s/ha]; (F2):75% N [150 kg N/ha] and 75% P [120
kg P20s / ha]; (F3) 100% N [200 kg N / ha] and 100% P. [160 kg P20s / ha]; (B0):no inoculation; (B1): Serratia oryzae
CT4bd; (B2); Bacillus subtilis TPD3b; (B3): mixture of Serratia oryzae CT4bd and Bacillus subtilis TPD3b

2.7. Statistical analysis

Data for the pot and field experiments was analyzed by using Two-way ANOVA for Split-Plot Design and comparisons
of means were carried out based on LSD test at 5% level of confidence.

3. Results and discussion

3.1. Pot-experiment

The results from Table 1 and 3; Figure: 4 and 5 showed that treatments that did not use bacteria and combined N and P
fertilization levels from 0% to 100% (BOFO0, BOF1, BOF2, BOF3, BOF4) enhanced all most monitoring indicators including
internode number, stem height, stem diameter, stalk yield, degree Brix, CCS, and sugar yield. These indicated vital role
of chemical fertilizers for crops in general, as well as the role of chemical N, P fertilizers in the growth and yield of
sugarcane.

Regarding the role of bacteria in promoting plant growth (Table 1), compared with the treatments without bacteria
inoculation and fertilizers (the negative control - BOF0), all treatments used CT4bd, TPD3b separately or together
(B1F0, B2F0, B3FO0) all gave better results. This show that the two strains of tested bacteria had positive effects on
growth criteria and yields of sugarcane.

For the growth indicators (Table 1), including internode number, stem height and stem diameter, most of the treatments
combining each bacteria strain and levels of chemical fertilizers showed lower results than the treatment of 100%
chemical N, P fertilizer and no bacteria (the positive control - BOF4). However, using TPD3b isolate in combination with
level of 75% N, P fertilizers (treatment B2F3) increased the number of internodes by 5.9% compared with the positive
control. Applying CT4bd isolate in combination with N, P fertilizer at all rates of fertilization increased stem diameter
compared with the positive control. In particular, CT4bd with 75-100% N, P (treatment B1F4) increased stem diameter
by 1.36 - 13.6%.
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Table 1 Effects of two strains and nitrogen and phosphorus fertilizers on the yield component of sugarcane (K95-156

cultivar) cultivated on Acrisols in the pot experiment.

Treatment Plant height (cm) | Diameter of | Number of
stalk (cm) internodes/plant
0 N-P no inoculation (BOF0) 58.751 1.994h 9.00h
25% N-P no inoculation (BOF1) 87.50 bed 2.42 acb 10.13f8
50% N-P no inoculation (BOF2) 86.5(0) cde 2.18f8 10.13f8
75% N-P no inoculation (BOF3) 84.50 def 2.402d 12.13 bed
100% N-P no inoculation (BOF4) 90.50 bed 2.20 f 11.88 b-e
Serratia oryzae CT4bd + 0 NP (B1FO0) 80.25 dh 2.24 c8 9.88 gh
Serratia oryzae CT4bd + 25% N-P (B1F1) 71.25¢n 2.33bf 11.88 be
Serratia oryzae CT4bd + 50% N-P (B1F2) 98.50 ab 2452 12.757ab
Serratia oryzae CT4bd + 75% N-P (B1F3) 73.25 fgh 2.23d8 11.50 cde
Serratia oryzae CT4bd + 100% N-P (B1F4) 80.50 d-h 2.50 b 11.13e
Bacillus subtilis TPD3b + 0 NP (B2F0) 70.25h 2.10 g 10.00 ¢
Bacillus subtilis TPD3b + 25% N-P (B2F1) 88.75 bed 2.16 fgh 12.25 bed
Bacillus subtilis TPD3b + 50% N-P (B2F2) 71.75 g 2.13 ¢ 11.00 ¢f
Bacillus subtilis TPD3b + 75% N-P (B2F3) 94.00 be 2.5072b 12.50 b
Bacillus subtilis TPD3b + 100% N-P (B2F4) 87.25 b-e 2.38a¢ 12.502b
S. oryzae CT4bd + B. subtilis TPD3b + 0 NP (B3F0) 82.00 dg 2.20 efg 10.13 8
S. oryzae CT4bd + B. subtilis TPD3b + 25% N-P (B1F1) | 76.00 ¢h 2.181f 12.38 abc
S. oryzae CT4bd + B. subtilis TPD3b + 50% N-P (B1F2) | 80.00 dh 2.23dg 11.38 de
S. oryzae CT4bd + B. subtilis TPD3b + 75% N-P (B1F3) | 109.502 2.54a 13.50
S. oryzae CT4bd + B. subtilis TPD3b + 100% N-P (B1F4) | 116.252 2.602 13.252
CV% 11.75 6.73 6.7

Numbers following the same word not difference at 5% level

With regard to degree Brix and CCS (Table 2), CT4bd in combination with N, P fertilizers at 25-50% (B1F1 and B1F2),
achieved results lower than that of the positive control. However, CT4bd (B1F3) at 75% N, P fertilizers increased the
degree Brix and CCS by 1.54% and 1.02% compared with the positive control BOF4 respectively. Particularly, the TPD3b
at 25-50% of N, P fertilizers (treatments B2F1 and B2F2) increased the degree Brix and CCS by 0.08 - 0.31% and 0, 05 -

0.2% compared with the positive control respectively.
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Table 2 Effects of two strains and nitrogen and phosphorus on the degree Brix, and CCS of sugarcane (K95-156 cultivar)
cultivated on Acrisols in the pot experiment

Treatment Degree Brixz (%) | CCS (%)
0 N-P no inoculation (BOF0) 14.82hi 6.28hi
25% N-P no inoculation (BOF1) 15.76¢h 6.90¢c8
50% N-P no inoculation (BOF2) 15.02fi 641 fi
75% N-P no inoculation (BOF3) 15.47 d-h 6.71 dh
100% N-P no inoculation (BOF4) 15.68 ch 6.85 ch
Serratia oryzae CT4bd + 0 NP (B1FO0) 15.60 ¢h 6.80 ch
Serratia oryzae CT4bd + 25% N-P (B1F1) 14.75 hi 6.24 hi
Serratia oryzae CT4bd + 50% N-P (B1F2) 14.85 ghi 6.30 ghi
Serratia oryzae CT4bd + 75% N-P (B1F3) 17.22a 787a
Serratia oryzae CT4bd + 100% N-P (B1F4) 14501 6.071i
Bacillus subtilis TPD3b + 0 NP (B2F0) 17.02ab 7.73 2
Bacillus subtilis TPD3b + 25% N-P (B2F1) 15.76 ch 6.90¢cg
Bacillus subtilis TPD3b + 50% N-P (B2F2) 15.99 cde 7.05 cde
Bacillus subtilis TPD3b + 75% N-P (B2F3) 15.15 e 6.50 €&
Bacillus subtilis TPD3b + 100% N-P (B2F4) 15.93 cf 7.01 cf
S. oryzae CT4bd + B. subtilis TPD3b + 0 NP (B3FO0) 16.14 bcd 7.15 bed
S. oryzae CT4bd + B. subtilis TPD3b + 25% N-P (B1F1) 16.41 abc 7.33 abc
S. oryzae CT4bd + B. subtilis TPD3b + 50% N-P (B1F2) 15.61 ch 6.80 ¢h
S. oryzae CT4bd + B. subtilis TPD3b + 75% N-P (B1F3) 17.37a 7.962
S. oryzae CT4bd + B. subtilis TPD3b + 100% N-P (B1F4) | 15.36 di 6.64 d-i
CV% 5.15 7.78

Numbers following the same word not difference at 5% level

Combination of two strains CT4bd and TPD3b (B3F0), compared with the negative control, enhanced the growth and
yields of sugarcane about 12.6% of internode numbers, 39.6% of stem height, 9.5% of stem diameter (Table 1), 75% of
cane yield (Figure 3), 0.09% of degree Brix, 13,9% of CCS (Table 2) and 101.4% of sugar yield (Figure 4). In particular,
for all criteria, the combination of two strains CT4bd and TPD3b with 75% of fertilizer N, P (B3F3) gave the best results:
increased 13.6% of number of internodes, 21% of the body height, 15.5% of stem diameter (Table 1), 4.6% of sugarcane

yield (Figure 3), 10.8% of degree Brix, 16.2% of CCS (Table 2) and 21.7% of sugar yield (Figure 4), compared to the
positive control (BOF4)

No inoculation Serratia orvzae CT4bd Bacillus subtilis TPD3b [Combi.nation of 2 Stfail"ls
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=
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Figure 3 Effects of two strains and nitrogen and phosphorus on stalk yield (ton / ha) of sugarcane (K95-156 cultivar)
cultivated on Acrisols in the pot experiment
Numbers following the same word not difference at 5% level
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Combination of 2 strains
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Figure 4 Effects of two strains and nitrogen and phosphorus on sugar yield (ton /ha) of sugarcane (K95-156 cultivar)
cultivated on Acrisols in the pot experiment
(FO=0NP, F1=25% NP, F2 = 50% NP, F3 = 75% NP, F4 = 100% NP)
Numbers following the same word not difference at 5% level

From results of regression analysis of between stalk yield and plant height, diameter of stem and CCS (Table 3), R? of
each pair analysis were 0.5098, 0.4421, 0.6808 and 0.8769 respectively. These results showed that plant height,
diameter of stem and CCS had close correlation to stalk yield. Positive effectiveness of the two bacteria strains on plant
height, diameter of stem enhanced stalk yield and then, sugar yield of sugarcane.

Table 3 The relationship between stalk yield with yield component, internode number and Sugar yield.

Plant height y=0.7218x + 39.223 R?=0.5098
. Stem diameter y =0.0083x + 1.7782 R%=0.4421
Stalk yield
NO of internodes y =0.0774x + 6.6237 R*=0.6808
Sugar yield y = 0.0692x - 0.024 R*=0.8769

In experiments evaluating the in vitro plant growth promoting effects, the interaction between plant growth promoting
bacteria and plants was influenced by a number of factors, including the interaction of bacterial strains used in
combination needed to be considered. In the study of Govindarajan [13], the combination of strain Burkholderia
vietnamiensis MG43 with Gluconacetobacter diazotrophicus and Herbaspirillum seropedicae gave a lower efficiency in
cane yield compared to the treatment using only Burkholderia vietnamiensis MG43 in the sugarcane pot trial.

For the interaction of bacteria and chemical fertilizers, the increase in the chemical fertilizer content was not always
positively correlated with the expected efficiency on the crop. Through Table 5 and Figure 6, the treatment using the
combination of two bacteria strains CT4bd and TPD3b with 100% of chemical N, P fertilizers reduced degree Brix, CCS
and sugar yield compared to treatment using 75% N, P fertilizers. This trend was also reported by Suman [14] when
studying the plant growth-promoting effects of 7 Gluconacetobacter diazotrophicus strains on sugarcane varieties
CoSe92423 grown under greenhouse conditions. At the rate of 75 kg N / ha fertilizer, all 7 strains used individually
increased dry matter weight from 18.3 to 79.86% compared with negative control without using bacteria. However, at
the rate of 150 kg N / ha fertilizer, only 3 out of the 7 isolates increased dry matter weight from 21.28 to 25.44%, lower
increases compared with the rate of 75 kg N / ha fertilizer.

Through the pot experiment results, following trends can be drawn: (1) In the absence of using chemical N, P fertilizers,
both strains of bacteria had good effects on all parameters compared to the treatment without using bacteria. (2) The
fertilization level of 25% N and P fertilizers in combination with bacteria did not have a significant effect on the growth
and yield of sugarcane, so these treatments were reduced in the field experiment later. (3) CT4bd strain, when used in
combination with N, P fertilizer, increased stem diameter, degree Brix and commerecial cane sugar. (4) The TPD3b isolate
when used in combination with N, P fertilizer increased the number of internodes, degree Brix and commercial cane
sugar. (5) The treatments used 2 bacterial strains in combination with 75% N and P fertilizers had the best effect on all
monitoring criteria.
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Thus, two strains CT4bd and TPD3b were continuously studied for the effect on growth and yield of sugarcane variety
K95-156 in combination with chemical fertilizers N and P at 0%, 50%, 75% and 100% field scale.

3.2. Field experiment

Regarding the growth criteria, the treatments using bacteria and 75 - 100% of N, P fertilizers all showed higher results
than or equal to the positive control (BOF3) (Table 4). CT4bd combined with 75% N, P fertilizer (B1F2) increased 15.2%
internodes. Similarly, the results of using TPD3b alone or the combination of two strains at 75% rate of N, P fertilizers
(B2F2 and B3F2) increased the number of internodes from 4.2 to 8.4%. The combination of two strains at 75% N, P
fertilizers (B3F2) caused stalk height, similar to the positive control (241.55 cm compared 235.30 cm).

Table 4 Effects of two strains and nitrogen and phosphorus fertilizers on plant height (cm) and number of
internodes/plant of sugarcane (K95-156 cultivar) cultivated on Acrisols in the field experiment

Plant Number of internodes
Treatment height (cm) / plant
0 N-P no inoculation (BOFO0) 181.30f 17.80 &
50% N-P no inoculation (BOF1) 206.40 cde 23 55 b-f
75% N-P no inoculayion (BOF2) 209.15 bed 24.13 3¢
100% N-P no inoculation (BOF3) 235302 24.75 abc
0 N-P + Serratia oryzae CT4bd (B1F0) 18955 ef 22 45 ef
50% N-P + Serratia oryzae CT4bd (B1F1) 22220 abc 24.55 a-d
75% N-P + Serratia oryzae CT4bd (B1F2) 223.85 ab 25802
100% N-P + Serratia oryzae CT4bd (B1F3) 234.45 2 2710 @
0 N-P + Bacillus subtilis TPD3b CT4bd (B2F0) 204.60 de 22 65 def
50% N-P + Bacillus subtilis TPD3b (B2F1) 203.65 de 2t 5o ab
75% N-P + Bacillus subtilis TPD3b (B2F2) 202.50 de 24.15 a-e
100% N-P + Bacillus subtilis TPD3b (B2F3) 211.20 bed 25.80 @
0 N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F0) 212.65 bed 21.60 f
50% N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F1) 214.00 bed 2310 ¢f
75% N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F2) 241552 26.832
100% N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F3) | 5475ca 27032
CV% 8.68 9.29

Numbers following the same word not difference at 5% level

For stalk yield (Figure 5), using the CT4bd alone or combination of two strains with 75% of fertilizer N, P (B1F2, B3F2)
gave the similar yield to the positive control (74.19 ton / ha and 72.29 ton / ha compared with 69.38 ton / ha. The
difference was not statistically significant at the level of a = 0.05). Thus, CT4bd isolate or a combination of CT4bd and
TPD3b had similar efficiency to 25% of chemical N, P fertilizer on stalk yield of variety K95-156 after 12 months of yield
trial.
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Combination of 2 strains
Serratia oryzae CT4bd

No inoculation Bacuiu: subtilis TPD3b o
s.11
[
597 be
a41%¢ I
FO F1 F2 F3 FO F1 F2 F3 FO F1 F2 F3 FO F1 F2 F3

Figure 5 Effects of two strains and nitrogen and phosphorus fertilizers on stalk (cane) yield (ton / ha) of sugarcane
(K95-156 cultivar) cultivated on Acrisols in the pot experiment.
(FO =0 NP.F1=50% NP.F2 =75% NP.F3 =100% NP)
Numbers following the same word not difference at 5% level

For the degree Brix, CCS and sugar yield (Table 5 and Figure 6), the treatments using bacteria and 100% N, P fertilizers
were more effective than the positive control. Treatments B1F3, B2F3 and B3F3 all reached the degree Brix of 22.08%,
22.30% and 22.47% respectively, compared to 20.78% of the positive control. These meant increases in the degree Brix
about 1.4% - 8.1%. This trend was also observed in case of CCS. When CT4bd and TPD3b were used separately or
together with 100% N, P fertilizers, their CCSs achieved by 10.98%, 11.07% and 11.33% respectively compared with
the positive control' CCS about 10.22%. The rate of increase in CCSs of the three above mentioned treatments reached
7.4%, 8.3% and 10.9% respectively.

Table 5 Effects of two strains and nitrogen and phosphorus fertilizers on degree Brix (%) and CCS (%) of sugarcane
(K95-156 cultivar) cultivated on Acrisols in the field experiment

Treatment Degree Brix (%) | CCS(%)
O N-P no inoculation (BOFO0) 1839 f 8.64f
50% N-P no inoculation (BOF1) 19.95 cde 9.66 cde
75% N-P no inoculayion (BOF2) 20.49 be 10.02 be
100% N-P no inoculation (BOF3) 20.78 bc 10.22 bc
0 N-P + Serratia oryzae CT4bd (B1FO0) 18.38 f 863 f
50% N-P + Serratia oryzae CT4bd (B1F1) 20.2 bed 9 g3 bed
75% N-P + Serratia oryzae CT4bd (B1F2) 21.19 ab 10.48 ab
100% N-P + Serratia oryzae CT4bd (B1F3) 22.082 11.07 @
0 N-P + Bacillus subtilis TPD3b CT4bd (B2F0) 19,32 def 9.25 def
50% N-P + Bacillus subtilis TPD3b (B2F1) 20.55 be 10.06 Pc
75% N-P + Bacillus subtilis TPD3b (B2F2) 20.01 cde 971 cde
100% N-P + Bacillus subtilis TPD3b (B2F3) 21942 10.98 2
0 N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F0) 19.07 f 9.09 df
50% N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F1) 21.14 2b 10.45 ab
75% N-P + S. oryzae CT4bd + B. subtilis TPD3b (B3F2) | 55 3pa 11.222
100% N-P +S. oryzae CT4bd +B. subtilis TPD3b (B3F3) | 55 47a 11.332
CV% 5.75 7.15

Numbers following the same word not difference at 5% level
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In particular, for the sugar yield, B1F2 (Figure 6), the treatment of bacteria CT4bd combined with 75% of N, P fertilizers
achieved the yield of 7.76 ton / ha while the positive control BOF3 just reached 7.09 ton / ha, caused an increase about
9.4% in the sugar yield (Figure 6). The use of a combination of two bacterial strains with 75% fertilizer N, P (B3F2)
showed similar result (8.11 ton / ha) to the result of using TPD3b alone with 100% N, P fertilizers (Figure 6). Thus, for
sugar yield, the CT4bd or the combination of CT4bd and TPD3b had efficiency equal to 25% of chemical N, P fertilizes
for the sugarcane variety K95-156 after 12 months of the field experiment.

3 73.65°|  Sexzatia orvzag
F2 72.26° CT4bd +
F1 ¥ 64.66°° Bacillus subtilis
FO 57‘515" TPD3b
» o)
3 64.20 Bacillus subtilis
F2 64.55°° TPD3b
F1 62.89%°¢
Fo 5167%¢
F3 ¥ 69.13° Serratia onz
2 74.15% —CT4bd
F1 60.81°¢
FO 51.149¢
F3 ¥ 60.382
F2 ) 57.45%9 No inoculation
F1 ) 57.27¢
FO 49 J.le
20 as 50 55 50 65 70 75
ton‘ha

Figure 6 Effects of two strains and nitrogen and phosphorus fertilizers on sugar yield (ton / ha) of sugarcane (K95-
156 cultivar) cultivated on Acrisols in the field experiment
(FO=0NP.F1=50% NP.F2 =75% NP.F3 =100% NP)
Numbers following the same word not difference at 5% level

Table 6 presented results of regression analysis of between stalk yield and plant height, degree Brix, CCS and sugar
yield. R?2 of each pair analysis were 0.7361, 0.7735, 0.7744 and 0.9588 respectively. These results showed that plant
height, degree Brix, CCS and sugar yield had close correlation to stalk yield. Positive effects of the two bacteria strains
on plant height, degree Brix, CCS enhanced stalk yield and then sugar yield of sugarcane.

Table 6 The relationship between stalk yield (ton/ha) with yield component and sugar yield (ton/ha) in the field
experiment

Plant height Y=1.9508x + 93.067 R?=10.7361
N. internodes/plant y =0.1949x + 10.553 R*=0.0577
Stalk yield Degree Brix y = 0.1434x + 11.552 R*=0.7735
CCS y=0.0947x + 4.124 R?=0.7744
Sugar yield y =0.1576x - 3.5196 R*=0.9588

Numbers following the same word not difference at 5% level

Several studies on sugarcane have shown that the use of individual strains or combinations of bacteria has different
effects, similar to those observed in the pots experiment. Results of the field experiment [13] showed that strain of
Burkholderia vietnamiensis MG43, when combined with the fertilization level of 140 kg N / ha, increased sugarcane yield
by about 19-20%. Meanwhile, the use of Gluconacetobacter diazotrophicus ATCC49037 alone only increased yield by
about 13-16%; Herbaspirillum ATCC35892 increased only about 12%; and the combination of all 3 strains increased
only 14% at the same fertilizations level. Another trial by Chauhan [15] also showed that the re-inoculation of
endophytic bacteria to host sugarcane increased plant weight, plant height and total N content. In which, sugarcane
yield increased by 40% when inoculated with Bacillus sp. H15 and by 42% when inoculated with commercial
Gluconacetobacter diazotrophicus.
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In addition to the sugarcane variety factor and the interaction of the bacterial strains, the age characteristics of
sugarcane shown through plant-cane and ratoon crops also had influence on stalk yield and the yield components. The
study of Schultz [4] on the cane variety RB72454 showed that in plant-cane crop and the first ratoon crop, the
inoculation of bacteria achieved stem yield similar to that at fertilization level of 120 kg / ha (positive control). However,
in the second ratoon crop, the stalk yield of the treatments with bacterial cultures was less than that of the positive
control although the dry matter weight was similar to that in the plant-cane crop and the first ratoon crop.

The field experiment results indicated that for the sugarcane variety K95-156 grown on gray soil in Tay Ninh province,
both bacterial strains CT4bd (Serratia oryzae) and TPD3b (Bacillus subtilis) had capacities of promoting plant growth
under field condition and could be summarized as following: (1) The strain CT4bd combined with 75 - 100% N, P
fertilizers had good performance on internode number, cane yield, degree Brix , CCS and sugar yield; (2) The strain
TPD3b combined with 75 - 100% of N, P fertilizers had good effects on parameters including internode number, degree
Brix and CCS; (3) The combination of 2 strains CT4bd and TPD3b combined with 75% of N, P fertilizers had good effects
on indicators of internode index, Brix degree, sugar content and actual sugar yield.

Thus, the best treatment proposed for larger scale experiment was the combination of two strains CT4bd and TPD3b
combined with 75% N, P fertilizers. This experiment saved 25% of chemical N, P fertilizers and increased 8.4% in the
internode number; 7.3% in degree Brix; 9.8% in CCS; and 14.4% in sugar yield

4., Conclusion

Comnination of two strains endophytic Serratia oryzae CT4bd and rihzopheric Bacillus subtilis TPD3b supported
sugarcane cultivated on Acrisols of Tay Ninh province, Vietnam. They enhanced sugar yield by 14.4% (1.02 ton / ha)
and saved 25% inorganic N and P fertilizers. These two potential strains were proposed to be tested their ability to
promote plant growth on many different sugarcane varieties in both plant-cane and ratoon crops in different material
sugarcane areas of Tay Ninh province, Vietnam.
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