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Abstract

A field experiment was conducted at Soil Salinity Research Institute, Pindi Bhattian, experimental farm to evaluate different
Rhizobial inoculation methods on growth and yield of rice (Oryza sativa) cv. Basmati-385 under natural salt-affected soil (pH= 8.55,
ECe=5.32 dSm-1 and SAR=25.46) during 2015-16. Seeds of rice were inoculated with four rhizobial strains (RPR-32, RPR-33, MW-
20 (PSB) and SBCC (M8) in three ways i.e. rice seeds inoculated for direct seeding and nursery and dipping seedling roots in the
solutions of these rhizobial strains. Maximum tillering was observed with all strains under different inoculation methods. Although,
the strains performed better as compared to control, however, dipping of nursery roots produced significantly higher yield followed
by seed inoculation for direct seeding. Overall, among all the rhizobial strains, MW-20 (PSB) and SBCC (M8) produced comparable
paddy yield. The highest paddy yield (291gm) was harvested with SBCC (M8) seed inoculation which was 19% more than that of
un-inoculated (control).
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Introduction

from a threshold level is termed ‘stress ethylene’, which minimizes

Rice is a grain crop for feeding more than half of the world . .
ati 1 Th e flife is reli | N plant growth [5] and alters photosynthesis and photosynthetic
population [1]. The entire form of life is reliant on plants as they components [6]. Besides salt stress, other stresses such as flood,

produce oxygen and form the staple food for humans and animals. .
drought, wounding, pathogen attack, temperature stress, and

According to report, 98% of the world’s food necessities are fulfilled
by 12 plant species and 14 animal species. Above 50% of the world
energy ingestion is met by crops such as wheat, rice and maize [2].
Soil salinity is one of the chief abiotic factors affecting soil microbial
activities and crop productivity. Reports showed that over 20%
of agricultural land internationally is affected by salt [3]. It is
estimated that the salinization will cause the loss of 50% arability
of agricultural land by the middle of the 21st century [4]. Saline
soil adversely retards the plant growth and productivity by shifting
the normal metabolism of plants. Mitigation of salinity stress by
plant growth promoting rhizobacteria plants. One of the effects of
salt stress is an increase in the band of 1-aminocyclopropane-1-
carboxylic acid (ACC), a precursor of ethylene, which consequences

in accretion of ethylene. Increase in the rank of ethylene away

mechanical stress also contribute to considerable rise in the level
of endogenous ‘stress ethylene [7].

Bio-fertilizers are defined as biologically active products or
microbial inoculants of bacteria, algae and fungi (separately or
in combination), which possess the innate ability either to fix or
mobilize important nutrient elements from non-usable forms
through biological process. Bio-fertilizers also include organic
fertilizers (manure, etc.), which are rendered in an available form
due to the interaction of micro-organisms or due to their association
with plants. They need to be applied to soil to enhance microbial
activity in the rhizosphere playing a significant role in integrated
plant nutrient systems [8]. Excessive and imbalanced use of
chemical fertilizers has adversely affected the soil causing decrease
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in organic carbon, reduction in microbial flora of soil, increasing
acidity and alkalinity and hardening of soil. Moreover, excessive
use of nitrogenous fertilizer is contaminating water bodies’ thus
affecting aquatic fauna and causing health hazards for human beings
and animals. Hence world is shifting gradually to replace chemical
fertilizers with Bio-fertilizers. Bio-fertilizers are organisms that
enrich the nutrient quality of soil [9]. For many farmers, BNF is,
therefore, an essential, cost effective alternative or complementary
solution to industrially manufactured N fertilizers for staple cereal
crops [10,11] reported that calcium and phosphorus were limiting
factors for BNF under acidic soil conditions.

In Pakistan, phosphorus in soil is generally quite abundant but
it reacts readily with iron, aluminum and calcium to form insoluble
compounds. These reactions result in very low phosphorus
availability and low efficiency of phosphorus fertilizer used by the
plants [12]. The outcome of PGPR on agricultural crops has been
investigated and published by various scientists during the last two
decades [13-17]. The capability of these strains for improving plant
growth was tested in agriculture by using bacterial inoculation
in greenhouse as well as under natural field conditions [18-20].
Ethylene is a simple, two-carbon, unsaturated hydrocarbon which
is a potent regulator of plant growth and progress [21]. Initially,
ethylene was known as a ripening hormone, but later demanding

Results and Discussion

studies, tied with the advent of highly sophisticated analytical
techniques, like gas chromatography, unveiled its role in growth
and development all over the life cycle of the plant. Because of its
varied and effectual role in plant growth and development, ethylene
virtues equal category with other classes of plant hormones
[22]. Therefore, a field experiment was conducted at Soil Salinity
Research Institute, Pindi Bhattian, experimental farm to evaluate
different Rhizobial inoculation methods on growth and yield of rice

(Oryza sativa) cv. Basmati-385 under natural salt-affected soil.
Materials and Methods

A field experiment was conducted at Soil Salinity Research
Institute, Pindi Bhattian, experimental farm to evaluate different
Rhizobial inoculation methods on growth and yield of rice (Oryza
sativa) cv. Basmati-385 under natural salt-affected soil (pH= 8.55,
ECe= 5.32 dS m™ and SAR=25.46) during 2015-16. Seeds of rice
were inoculated with four rhizobial strains (RPR-32, RPR-33, MW-
20 (PSB) and SBCC (M8) in three ways i.e. rice seeds inoculated
for direct seeding and nursery and dipping seedling roots in the
solutions of these rhizobial strains. Randomized complete block
design was applied with three replications. The data obtained were
subjected to statistical analysis using the STATISTIX statistical
software (Version 8.1) and the mean values were compared using
least significant difference (LSD) [23].

Table 1: Effect of inoculation methods of Rhizobial strains having ACC-Deaminaze activity on growth (plant Height, panicle length

and number of tillers) of rice crop under saline environment.

et Plant Height (cm) Panicle Length (cm) Number of Tillers (m?%)

ethods | comot| R RO | W20 S0CC | o | RO WO S0 o | R RO 0 Snce
M1 100 102 | 104 102 105 20 25 23 24 24 217b 220b | 225b 230a 235a
M2 101 102 | 110 109 110 20 23 21 23 22 218b 222b | 227ab | 233a 238a
M3 102 110 | 115 117 111 19 24 22 25 23 219b 225b | 230a 239a 245a
LSD NS NS 17

Values followed by same letter(s) are statistically similar at P=0.05 level of significance.

Growth parameters (plant height, panicle length and tillering)
data was represented in Table 1. Plant height and panicle length
showed non- significant results among three inoculation methods.
However, all the inoculation methods exhibited better performance
than control ie. without-inoculation.MW-20(PSB) attained the
highest plant height (117cm) in seedling root dipping inoculation
methods. Similar trend was also predicted in panicle length.
Significant results were indicated regarding tillering of the rice
plants. SBCC (M8) rhizobial got maximum number of tillers
m? (245) among other rhizobial strains, Seedling root dipping
technique was the bestinoculation method than other two methods.
Maximum tillering was observed with all strains under different
inoculation methods [24] investigated that biozote significantly
affected on germination, root length, fresh weight and dry weight
in all mung bean varieties [25] concludes that growth of maize

plants behaves better under saline environment as inoculated with
different rhizobial strain showing ACC Deaminaze activity due to
the production of ethylene under stressed conditions. Reduction
in sodium uptake by the utilization of different rhizobial strains
under saline environment is a positive sign to induce salt tolerance
biologically. Data regarding 1000- grain weight and grain yield
indicated in Table 2 Non- significant results were attained in 1000-
grain weightamong inoculation methods as well as rhizobial strains.
But three inoculation methods performed better than control.
SBCC (M8) rhizobial strain produced the highest 1000- grin weight
(25g) among other strains under seedling root dipping inoculation
method [26] resulted that growth of wheat plants performed better
under saline environment as inoculated with different rhizobial
strains due to the production of ethylene under stressed conditions.
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Table 2: Effect of inoculation methods of Rhizobial strains having ACC-Deaminaze activity on1000- grain weight and yield of rice
crop under saline environment.

lnl\zz:ll:)t;(s)n 1000-Grain Weight (g) Grain Yield (g.m?)
Control | RPR-32 | RPR-33 | MW-20(PSB) | SBCC (M8) | Control | RPR-32 RPR-33 | MW-20(PSB) | SBCC (M8)
M1 14 17 19 19 22 245bc 255b 261b 265b 271ab
M2 15 18 19 20 23 246bc 257b 260b 277a 263b
M3 15 22 24 24 25 244bc 266b 272a 280a 291a
LSD NS 20

M1 = Seed Inoculation for DSR M2 = Nursery Seed Inoculation M3 = Seedling Root Dipping Values followed by same letter(s) are

statistically similar at P=0.05 level of significance.

Although, the strains performed better as compared to control,
however, dipping of nursery roots produced significantly higher
yield followed by seed inoculation for direct seeding. Overall, among
all the rhizobial strains, MW-20 (PSB) and SBCC (M8) produced
comparable paddy yield. The highest paddy yield (291gm?) was
harvested with SBCC (M8) seed inoculation which was 19% more
than that of un-inoculated (control) [27] reported the reduction
in sodium uptake by the utilization of different rhizobial strains
having ACC deaminaze activity under saline environment is an
encouraging sign to induce salt tolerance naturally and reduce
the toxic effects of utilization of chemicals for reclamation of salt
- affected lands.

Conclusion

This study concluded that maximum tillering was observed
with all strains under different inoculation methods. Although, the
strains performed better as compared to control, however, dipping
of nursery roots produced significantly higher yield followed by
seed inoculation for direct seeding. Overall, among all the rhizobial
strains, MW-20 (PSB) and SBCC (M8) produced comparable paddy
yield. The highest paddy yield (291gm™) was harvested with
SBCC (M8) seed inoculation which was 19% more than that of un-
inoculated (control).
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