Effect of plant growth promoting endophytic bacteria Gluconacetobacterdiazotrophicus, on

germination attributes and seedling growth of rice varieties under in vitroconditions.

Abstract:

The production of rice mainly depends on nitrogen fertilizer. Extensive applications of chemical nitrogen
fertilizer have adverse effects on plant health and the environment. The use of plant growth-promoting
microorganisms can increase the soil fertility and productivity of rice and also reduce the negative impact
of chemical nitrogen fertilizer.Gluconacetobacterdiazotrophicus PAL5 is a gram-negative endophytic
bacterium that plays an important role in nitrogen fixation and plant growth promotion. The present
investigation was to evaluate the effect of inoculation with G. diazotrophicus on seed germination indices
of fifteen rice varieties(Oryza sativa L.) and seedling growth under in vitro conditions.Among the fifteen
rice varieties inoculated with G. diazotrophicus, the highest increase in germination indices was observed
in five varieties, viz. BPT5204, TN1, ISM, IR64, and Dhan53, which showed an increase ingermination
percentage (4.26-10%), Mean germination time (3.8-5.8%), germination speed 10.5- 26.8%),
synchronization index (22.74-43.60%), standard deviation of germination rate (2.10-9.70%) and coefficient
of variance of germination (11.80-18.36%) in comparison with the control on agar medium after 5 days.
Furthermore, inoculation resulted in a significant increase in growth parameters(viz., root length, shoot
length, root dry weight, shoot dry weight, seedling vigour index- | and seedling vigour index- Il) over
uninoculated controlseeds in five rice varietiesin comparison with the remaining rice varieties. The results
thus reveal endophytic G. diazotrophicusnot only increased the germination percentage but also enhanced
the seedling growth parameters of rice varieties while eliciting agenotype-specific response in rice

genotype.
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Introduction

Rice will be a staple food crop for more than 3.5 billion populations worldwide by 2025[1]. In
India, rice is cultivated onabout 46 million hectares with a yearly production of 158 million tonnes
[2].Nitrogen (N) is the major limiting nutrient for rice production [3] and synthetic chemical nitrogen

fertilizers have become increasingly prevalent in rice cultivation during the past few decades. For the



cultivation of rice, 16% of N fertilizer was used worldwide[4,5]. The continuous use of chemical nitrogen
fertilizers for sustainable rice production results inseveral problems, including declining soil fertility, soil
pollution,and environmental degradation. Only 20-50% of applied nitrogen was utilized by the rice crop,
indicating that 60- 80% of applied N remains surplus in the crop field and prone to losses. Therefore, Plant
Growth-Promoting Bacteria (PGPBSs) that can fix atmospheric N and N smart rice cultivars are alternatives

to chemical nitrogen fertilizers.

Certain PGPBs (rhizospheric and endophytic) can fix atmosphere nitrogen, by entrapping N, and
converting it into NHs, a form that is readily utilized by the plants via Biological Nitrogen fixation (BNF).
In rice cultivation, 50 to 70% of the nitrogen requirement has been reported to be provided by these
bacteria viathe BNF process [6]. Riceis known to establish genotype variable associations with certain
diazotrophic bacteria such as Herbaspirillumseropedicae resulting in plant dependent BNF [7]. Several
PGPBs are directly associated with plant roots and can exist within root tissues (endophytes). These
bacteria synthesize hormones such as auxins and gibberellins which promote plant development [8],
increase host biomass [9] provide pathogen defence [10,11, 12], and enhance host plants tolerance to
environmental stresses [13,14]. G. diazotrophicus, is an endophytic diazotrophic nitrogen-fixing aero-
tolerant bacterium [15]. In association with the plant, it produces the plant growth
hormonesincludingauxins, gibberellins, cytokinins, abscisic acid, salicylic acid, gluconacin, and
solubilization of macro and micronutrients like P and Zn [16]. Additionally, it has biocontrol properties
against  phytopathogens like  Colletotrichum  falcatum,  Xanthomonas albilineans, and

nematodeMeloidogyne incognita[17].

To optimize the potential agricultural benefits from interactions with beneficial diazotrophs, a
better understanding of the processes by which rice regulates its performance may be useful [18,19, 20].
With this background, the present investigation studiesthe compatibility of different rice varieties to G.

diazotrophicus bacteria inoculation in terms of germination indices and seedlinggrowth parameters

Materials and methods
Rice varieties and bacterial strain

A set of 15 different rice varieties that possess the potential to be cultivated in diverse ecosystems were
selected for evaluation and the seeds of the varieties wereobtained from ICAR-Indian Institute of Rice
Research, Hyderabad (Table 1). The nitrogen-fixing bacteriumGluconacetobacterdiazotrophicus PALS
(MTCC 1224)was procured from CSIR - Institute of Microbial Technology, Chandigarh.

Table 1. List of rice varieties used to screen for interaction with G. diazotrophicus

| S.No| Rice Varieties Ecosystem Area of cultivation




1 DrrDhan53 Irrigated All India
2 IR64 Irrigated All India
3 RNR15048 Irrigated Telangana
4 Sonasali Irrigated All India
5 Tellahamasa Irrigated Andhra Pradesh, Telangana
6 TN1 Irrigated All India
7 Vikas Irrigated All India
8 BPT5204 Rainfed shallow lowlands Andhra Pradesh, Karnataka
Improved Samba _ Andhra Pradesh, Telangana, Tamil
9 Mahsuri (ISM) Rainfed shallow lowlands lgl?r?aur, Karnataka, Maharashtra,
o | e
11 Ravi Rainfed upland Andhra Pradesh
12 Salivahana Rainfed low lands West Bengal
13 Nidhijaldhi Deep water flooding areas Uttar Pradesh
Andhra Pradesh, Telangana,
14 Swarna Shallow low lands Karnataka, Tamil Nadu, and Ke?ala
15 DrrDhan39 Saline or alkaline-tolerant Orissa, Kerala, Gujarat

In vitro germination indices and seedling growth parameters

Seedsof different rice varieties were surface sterilized by using 70% ethanol for 1 min, and 0.1%
HgCl, for 1 min followed by rinsing with sterile distilled water six times. G.diazotrophicusbacterial
inoculum was prepared by dissolving the culture pellet in phosphate buffer saline such that cell
concentration was adjusted optical density (O.D) at 600nm to 1 (1x 10®° CFU/mI). Seeds were soaked in
bacterial inoculum for 24 hours at 28°C. After incubation seeds were transferred to sterile petri dishes
containing water agar (0.6%, w/v) and incubated at the 28°C in dark and allowed to germinate for 7 days.
Each petri dish contained 25 seeds of a variety in 3 replications per variety were maintained. Observations
on the number of seeds germinatedeach day were recorded. Morphological traits viz.root length, shoot
length, root fresh weight, shoot fresh weight, root dry weight, and shoot dry weight were also recorded [21]
on the seventh day of germination. Germination percentage and seedling vigour index were calculated by

using the following formulas [22].

Germination percentage = Number of seeds germinated X 100

Total number of seeds
Seedling Vigour Index! (SVI- 1) = (Mean of root length + Shoot length) X Germination percentage (cm)
Seedling Vigour IndexIl (SVI-I)= (Mean of root dry weight + Shoot dry weight) X Germination

percentage (gm)



Statistical analysis

Germination data offifteen rice varieties were analyzed using the GerminaQuant software [23]
forgermination and related attributes. All germination indices and morphological data were analyzedby
using a statistical package [24] by performing at-test (two pair-wise means) for statistically significant
differences between the treatment means. Principle component analysis was performed with software,
Microsoft Excel for Windows 2010 add-in with XLSTAT Version 2010.5.05 [25].

Results and Discussion

In vitro seed germination indices

Inoculation with G. diazotrophicussignificantly improved germination and germination indices
(germination percentage, mean germination time, germination speed, synchronization index, standard
deviation of germination, and coefficient of variance of germination) of all rice varieties in comparison to

control after 5days under in vitro conditions (Table 2,Fig 1).

There was a significant increase in the germination percentage of rice varieties inoculated with G.
diazotrophicus than control (P=0.003). Germination percentage in inoculated rice varieties ranged from
84+ 2.28 to 100+ 1.87 whereas 80+ 1.75 to 92+ 1.34 was observed in uninoculated control rice varieties.
Among the 15 rice varieties inoculated with G. diazotrophicus, germination percentages of BPT5204 (100+
1.87), TN1 (100« 1.87, IR64 (100+ 1.87), ISM (98+ 1.35), and Dhan53 (94+ 0.31) were showing higher
relative performance in appraisal with the control and lower relative performance observed in Nidhijaldhi
(90+ 0.73).

The mean germination rate in inoculated rice varieties varied from 2.00+ 0.09 to 3.37+ 0.17 and
2.00+ 0.13 to 3.74+ 0.032 in control varieties (P=0.042). There was a reduction in the mean germination
rate in rice varieties inoculated with G. diazotrophicus in comparison with the controlexhibiting the
improvement of the germination of seeds due toinoculation. The highest relative performanceof mean
germination rate with the controlamong the inoculated 15 rice varieties was observed in BPT5204 (5.8%),
TN1 (5.8%), IR64 (5.1%), ISM (4.1%), and Dhan53 (3.8%) and minimum in Nidhijaldhi (2.4%). Similarly,
the germination speed of inoculated rice varieties ranged from 29.65+ 3.88 to 50.00+ 1.91 and 26.70+ 3.73
to 50.00+ 2.29 in control varieties indicating seeds of rice varieties treated with G. diazotrophicus took less
time for germination when equated to the control (P=0.067)signifyingenhancement of germination speed of

rice seeds due to inoculation with G. diazotrophicus.

The synchronization index of inoculated rice varieties ranged from 1.00+ 0.09 to 0.53+ 0.05,
whereas in control 1.00+ 0.08 to 0.37+ 0.07 (P=0.13). Maximum synchronization index was observed in
inoculated rice varieties BPT5204, TN1, IR64, ISM, and Dhan53 (1.00+ 0.09) among the fifteen rice



varieties, signifying inoculated rice seeds germinated at the same time. A significant increase in the
standard deviation of germination was observed in response to the G. diazotrophicus inoculation (P=
0.0001). The standard deviation of germination varied from 1.02+ 0.02 to 1.23+ 0.03 in inoculated rice
varieties and 1.05% 0.02 to 1.06+ 0.02 in control. Higher relative performance with the control among the
rice varieties was observed in BPT5204, TN1, IR64, ISM, and IR64,indicating the uniformity of
germination and higher germination in the inoculated varieties. A similar trend was observed in the
coefficient of variance of germination (P= 0.0009). An increase in the coefficient of variance of
germination in inoculated varieties signifies an increase in the number of germinated seeds with a decrease
of time in appraisal with control. Our results indicate that there was a significant increase in comparable
execution in germination and related attributes in all rice varieties treated with the G. diazotrophicus in
comparison with the control. Among fifteen inoculated rice varieties BPT5204, TN1, IR64, ISM, and
Dhan53 showed a high relative effectiveness of germination indices compared to the control.

Similarly to this study, the response of rice seeds to microbial inoculation with PGPB Bacillus sp.
KS-54 increased the final germination and lowered the mean germination time in the controlled conditions
and also increased the values of the emergence index indicating fast and synchronized germination in the
field conditions [26]. Comparable results were reported in different tomato genotypes treated with G.

diazotrophicus enhanced the germination percentage and also depended upon genotype [27, 28].



Table 2: Influence ofGluconacetobacterdiazotrophicus inoculation on germination attributes of rice varieties

Germination rate

Mean Germination

Synchronization

Standard deviation

Coefficient of variance

SbN Varieties (%) rate (days) Germination speed (%) Index of germination (days) of germination (%)
Control GAB Control GAB Control GAB Control GAB Control GAB Control GAB
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t- stat 5.61 1.85 1.59 1.15 11.99 3.8

P (<0.05) 0.0032 0.042 0.067 0.13 0.0001 0.0009

Each value denotes mean + SE for 3 replicates.




Effect of G. diazotrophicus on seedling growth in different rice varieties

There was a significant effect of G. diazotrophicus inoculation on theseedling growth in rice
varieties. A significant increase in the root length (6.9- 43%), shoot length (1.5- 31.5%), root dry weight
(4.76-23.08%) and shoot dry weight (4.27-27.86%) of rice varieties was observed in comparison with the
control (P= 0.001). Among all inoculated rice varieties, five viz.BPT5204, TN1, IR64, ISM, and Dhan53
were observed to have relatively high performance in contrast with the control. Whereas seedling vigour
index | and seedling vigour index Il increased from 16.1 to 52.9% and 18.7 to 48.6% respectively in rice
varieties and the highest increase in BPT5204 (SVI-152.9%, SVI-1I 48.5%), TN1 (SVI-l 36.6%, SVI-
1134.3%), IR64 (SVI-1 40.0%, SVI-1I 37%), ISM (SVI-1 44.4%, SVI-1l 42.7%) and Dhan53 (SVI-1 36%,
SVI-11 34%) perceived among the remaining rice varieties (Figure 1, Table 3).

Our study revealed that inoculation of G. diazotrophicusincreasedseedlinggrowth parameters in all
rice varieties to the control. Enhancement in seedling growth as observed in the study was also recorded in
red rice inoculated with G. diazotrophicus, wherein root and shoot length were increased under drought and
stressed conditions compared to the control[29]. At a moderate level of drought and nitrogen stress in
maize, G. diazotrophicus treated plants exhibited higher shoot and root lengths, either individually or in
combination with N deficit [30,31]. Similarly, G. diazotrophicus individually or in combination with other
phosphate solubilization bacteria increased the plant height, root length, dry weight, grain yield, and
phosphorus content of rice compared to the control under greenhouse conditions (32). Tomatotreated with

G. diazotrophicus enhanced the plant growth, dry weight, root length surface, and number of leaves (28).

Fig 1: Growth promotion of rice varieties in response to G. diazotrophicusinoculation underin

vitroconditions

BPT5204 TN1 ‘ Dhan53
C- Control, T- Treatment with G. diazotrophicus



Table 3: Effect of G. diazotrophicus inoculation on seedling growth and vigour in different rice varieties

Varieties Root length (cm) Shoot length (cm) Root dry weight (gm) Shoot dry weight(gm) Seedling vigour-1 Seedling vigour-2
Control GAB Control GAB Control GAB Control GAB Control GAB Control GAB

BPT5204 5.91+0.54 | 8.45+0.17 | 5.19+1.34 | 6.82+0.68 | 0.015+0.00 | 0.020+0.00 | 0.011+0.01 | 0.015+0.01 | 999.00+ 50.14 | 1527.00+2.79 | 2.34+0.52 | 3.47+0.51
Dhan39 5.00+£1.38 | 6.76+£1.23 | 7.39+0.21 | 8.28+0.20 | 0.007+0.00 | 0.009+0.00 | 0.043+0.00 | 0.052+0.00 | 1090.32+26.54 | 1383.68+ 34.24 | 5.19+0.22 | 5.83+0.10
Dhaan53 550+ 092 | 7.50+£0.62 | 6.01+0.76 | 6.90+0.63 | 0.010+0.00 | 0.012+0.00 | 0.010+0.01 | 0.012+0.01 | 1035.90+ 40.60 | 1411.20+27.13 | 3.06+0.33 | 4.35+0.28
IR64 6.99+0.45 | 9.77£1.26 | 6.68+0.29 | 7.80+0.09 | 0.040+0.01 | 0.051+0.001 | 0.040+ 0.00 | 0.050+ 0.00 | 1148.28+ 11.57 | 1616.44+25.91 | 1.68+0.69 | 2.27+0.82
ISM 6.50+ 0.00 | 9.16+0.75 | 5.10+1.40 | 6.17+1.07 | 0.019+0.00 | 0.024+0.00 | 0.016+0.00 | 0.021+0.00 | 997.60+50.50 | 1441.02+19.42 | 6.86+0.66 | 9.44+ 1.03
Nidhijaldhi | 7.52+0.94 | 8.04+0.17 | 7.70£0.43 | 7.81+0.08 | 0.010+0.00 | 0.011+0.00 | 0.036+0.00 | 0.038+0.00 | 1308.92+ 29.94 | 1378.95+ 35.46 | 3.59+ 0.19 | 4.22+0.31
Rasi 6.88+ 0.35 | 8.32+£0.06 | 6.58+0.36 | 7.25+0.42 | 0.036+0.00 | 0.043+0.01 | 0.021+0.00 | 0.025+0.00 | 1211.40+4.74 | 1432.44+21.64 | 459+ 0.07 | 6.16+0.19
Ravi 7.82+1.21 | 8.90+£0.54 | 9.10+1.42 | 9.36+£0.84 | 0.013£0.00 | 0.014+0.00 | 0.060+0.01 | 0.063+0.01 | 1387.44+50.22 | 1533.84+4.56 | 4.63+0.08 | 5.67+0.06
RNR15048 | 6.82+0.29 | 8.15+0.08 | 7.35+0.18 | 7.87+0.05 | 0.010+0.00 | 0.011+0.00 | 0.030+0.00 | 0.034+0.00 | 1275.30+ 21.25 | 1537.92+5.62 | 4.27+0.02 | 5.36+0.02
Salivahana | 6.55+0.05 | 7.87+£0.31 | 7.82+£0.51 | 8.40+0.27 | 0.007+0.00 | 0.009+0.00 | 0.040+0.00 | 0.047+0.00 | 1322.04+33.33 | 1627.00+ 28.63 | 4.27+0.02 | 4.85+0.15
Sonali 7.37£0.80 | 8.56+0.26 | 7.90+0.57 | 8.13+0.11 | 0.011+0.00 | 0.012+0.00 | 0.048+0.00 | 0.051+0.00 | 1404.84+54.72 | 1669.00+ 39.49 | 5.20+ 0.23 | 6.75+0.34
Swarna 3.90+2.39 | 5.16+255 | 5.00+1.47 | 5.57+1.43 | 0.039+0.01 | 0.046+0.001 | 0.018+0.00 | 0.022+0.00 | 818.80+ 96.69 | 965.70+ 142.25 | 5.09+ 0.20 | 5.94+0.13
Tellahamasa | 7.80+1.19 | 10.33+1.72 | 7.80+0.50 | 8.69+0.44 | 0.008+0.00 | 0.010+0.00 | 0.047+0.00 | 0.057+0.00 | 1435.20+ 62.56 | 1902.00+99.70 | 6.72+0.62 | 7.71+0.59
TN1 6.00+ 0.46 | 8.51+0.21 | 10.00+2.05 | 12.87+2.95 | 0.024+0.00 | 0.031+0.00 | 0.027+0.00 | 0.037+0.00 | 1280.00+ 22.47 | 1881.44+94.38 | 3.98+0.09 | 5.38+0.02
Vikas 6.93+0.39 | 8.30+£0.04 | 6.80+0.20 | 7.30+0.39 | 0.009+0.00 | 0.010+0.00 | 0.033+0.00 | 0.038+0.00 | 1180.78+3.17 | 1435.20+20.93 | 3.44+0.23 | 4.19+0.32
t- stat 9.69 4.84 4.54 7.33 8.17 8.18
P (<0.05) 0.0002 0.0001 0.0020 0.0005 0.0001 0.0007

Each value denotes mean + SE for 3 replicates




Principal component analysis of germination indices and growth parameters of rice varieties

inoculated with G. diazotrophicus

A principal component analysis (PCA) was carried out for germination indices and growth

parameters of rice varieties inoculated with G. diazotrophicus and in uninoculated control (Table 4)

Table 4: Variable loading scores and variation proportion of each principal component of
germination indices and plant growth parameters in rice varieties inoculated with G.
diazotrophicus

Parameters PC, PC, PC; PC, PCs
Germination percentage (GRP) 0.44 -0.50 0.51 0.13 0.28
Mean germination time (MGT) -0.51 -0.18 0.20 0.72 -0.01
Germination speed (GSP) 0.39 -0.01 0.29 -0.56 -0.58
Synchronization index (SYN) 0.19 -0.51 0.68 0.06 -0.20
Germination standard deviation (SDG) -0.26 0.86 0.35 -0.04 0.09
Coefficient of variation (CVG) 0.17 -0.80 -0.48 -0.02 -0.20
Root length (RL) 0.84 0.04 0.19 0.19 0.17
Shoot length (SL) 0.76 0.17 -0.27 0.03 0.05
Root dry weight (RDW) -0.11 -0.28 0.25 -0.60 0.64
Shoot dry weight (SDW) 0.66 0.38 -0.48 0.06 0.10
Seedling vigour index- | (SV-I) 0.95 0.01 0.04 0.20 0.07
Seedling vigour index- 11 (SV-II) 0.30 0.45 0.55 0.10 -0.17
Eigenvalue 3.45 2.37 1.90 1.31 0.99
Variability (%) 28.79 19.76 15.83 10.89 8.27
Cumulative % 28.79 48.54 64.37 75.27 83.53

The PCA on 12 parameters revealed five principal components (PCs) with eigenvalues > 1,
which captured 75.27% of the cumulative variability across the rice varieties (Table 4, Fig 2a). PC;
accounted for 28.79% of the total variability, consisting mostly of plant traits such as RL, SL, SDW,
and SV-I. PC, accounted for 19.76% of the total variation primarily for SDG. PC; (15.83%)
variability consisted of GRP, SYN and SV-II. Variability of 10.89% for PC, (MGT), and 8.27% for
PCs (GSP, and RDW) were recorded respectively.

The first component explained most of the total variability of the included data. The variables
with the highest weight value in this component were those related to germination percentage,
germination indices, root length, shoot length, and seed vigour index of rice varieties inoculated with
G. diazotrophicus which are all positively correlated. Variables with a negative correlation were those
related to mean germination time, standard deviation of germination, and root dry weight of control
rice varieties. Whereas in the PC, component, high and positively correlated with the standard
deviation of germination of rice varieties inoculated with G. diazotrophicus.High and negatively

correlated weight value was observed with CVG in the control rice varieties.



Rice varieties treated with the G. diazotrophicus fell in the right quadrants with more
variables representing higher plant growth and germination, highlighting plant growth promotion of
the G. diazotrophicus. The control treatments were at the left quadrant with few variables indicating
low plant growth parameters and germination (Fig.2b). Five rice varieties treated with G.
diazotrophicus, BPT5204, TN1, ISM, IR64, and Dhan53 were observed to fall in the right quadrants
of the scatter plot of PCA indicating that these rice varieties have a higher and positive correlation

with the germination indices and plant growth parameters.
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Fig 2. a. Principal component analysis scree plot for different components. b. Scatter plots of the first
two principal components (PCs) from principal component analysis (PCA) for germination indices
and growth parameters in different rice varieties inoculated with G. diazotrophicusand control.
Abbreviations of variables mentioned in the already mentioned in the table-1 and 3. C- Control, G-

Gluconacetobacterdiazotrophicus.

G. diazotrophicus individually or in combination with the Rhizobium sp in the
presence of insoluble silicate sources improved the morpho-physiological and molecular attributes of
rice under heat stress conditions [33]. In red rice a positive correlation between the morphological
growth parameters was reported due to inoculation with G. diazotrophicus[29].In rice cultivars,
BPT5204 and ISM seeds treated with G. diazotrophicus improved the germination, seedling vigour
index, and plant growth under invitro and invivo conditions [34]. G. diazotrophicus, endophytically
colonizes and enhances the growth parameters viz. plant height, number of tillers, biomass, and
nitrogen content of rice [35, 36]. In rice, bacterial endophytes modulate the plant growth during
germination and early seedling development [37]. Thus our study revealed that rice varieties

inoculated with G. diazotrophicus increased seed germination and related attributes, and also growth



parameters of seedlings, may be linked with the production of plant growth hormones or unknown

metabolites and their interaction with rice root by the PGPB [38].

In our study, we tried to understand the seed germination indices and seedling growth of
different rice varieties in response to plant growth-promoting bacteria
Gluconacetobacterdiazotrophicus under in vitro conditions. Among the fifteen rice varieties treated
with the G. diazotrophicus, five varieties i.e., BPT5204, TN1, ISM, IR64, and Dhan53 showed higher
germination indices like germination percentage, mean germination rate, germination speed,
synchronization index, the standard deviation of germination and also seedling growth parameters
viz., root length, shoot length, root dry weight, shoot dry weight, vigour index- | and vigour index- - 11
equated with control. Though we used a limited number of rice varieties in the present study, it
enables the selection of rice varieties compatible with G. diazotrophicusfor which endophytic bacteria
can be used as a biofertilizer in the rice field leading to higher growth promation.

Conclusion

Rice crop productivity majorly depends on nitrogen fertilizer. The use of plant growth-promoting
nitrogen-fixing bacteria and compatible genotypes to the PGPB is one of the alternatives for
sustainable rice production. The results obtained in this study demonstrated that with
Gluconacetobacterdiazotrophicusinoculation enhanced germination and seedling growth of all fifteen

rice varieties, the extent of beneficial response to inoculation varied genotypes.
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